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The most widely used and most effective antimalarials are at present quinine
and Atabrine. Both the natural and the synthetic product are schizonticides,
checking only the clinical symptoms of malaria. Plasmochin, less frequently
used, appears to be the best known gametocide. A true causal prophylactic,
attacking the parasite in the sporozoite-phase or shortly thereafter, has not
been found as yet.

In January 1939, the Unit of Chemotherapy of the National Institute of
Health was assigned the task of searching for new antimalarials with considera-
tion of all three aspects of the chemotherapy of malaria, <.e., the attack by chemi-
cals of schizonts, gametocytes, and sporozoites. Atabrine and Plasmochin,
the two outstanding antimalarials developed by the I. G. Farbenindustrie A.-G.
of Germany, are structurally characterized by the aminodialkylaminoalkane
side chain and a condensed aromatic-heterocyclic ring system. Whether a
true causal prophylactic will have similar structural features appears doubtful.
So far none of the active schizonticides or gametocides derived from acridine
or quinoline have exhibited such an effect. Since the advent of these two syn-
thetic drugs intensive efforts have been made by chemists, particularly in Great
Britain, France, and Russia, to replace or improve them. This was attempted
by changing, principally through minor variations, their structural features.

Attempts, however, to find substitutes for the natural product quinine, by
adhering more closely to the alkaloid as a struetural model, date back much
further. These earlier efforts involved principally the synthesis of compounds
of the two types I and II. In both structures the important feature of the
alkaloid, 7.e., the amino alcohol grouping is retained.
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1 The work described in this paper was done in part under a contract, recommended by
the Committee on Medieal Research, between the Office of Scientific Research and Develop-
ment and the National Institute of Health.

2 Studies in the Phenanthrene Series XXVI. [Communication XXV, J. Org. Chem., 5,
313 (1940)].
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Thus Ruzicka and associates set forth to synthesize compounds of type I and
Ib (1, 2, 3, 4). Karrer (5) prepared representatives of Ia, while Kaufmann (6)
and Rabe (7, 8, 9) and their associates centered their synthetic efforts upon
type II. Compounds of the latter type were then also prepared in the labora-
tories of the I. G. Farbenindustrie A.-G. (10). None of these efforts led to any
chemotherapeutic success. It was eventually left to Ainley and King (11) to
find in a series of compounds of type I, two members which showed a definite
plasmodicidal effect in avian malaria. King and Work (12) then extended their
searches for antimalarials, preparing compounds of type II. By increasing the
size of the amino group, they succeeded in finding three members in that series
which showed marked activity in avian malaria.

In the first stages of our search for new antimalarials, we had decided to pre-
pare amino alcohols of type II carrying the side chain—CHOHCH(R,)N(R.Ra),
and Ry, Rq, Rs to be chosen in such manner that this portion could formally be
considered a “quinuclidine with two C—C bonds disrupted’ (e.g., III). While
this work was under way it was largely anticipated by the paper of King and
Work (12). In the meantime we also had submitted to antimalarial testing a
considerable number of amino alecohols derived chiefly from phenanthrene,
which had been prepared by Mosettig and co-workers! during the years 1929-
1939 in attempting to find compounds with central narcotic properties. Sur-
prisingly, a large percentage of these showed a significant plasmodicidal activity
(P. cathemertum, P. relictum, P. gallinaceum, and P. knowlesi). We, therefore,
immediately decided to exploit this field thoroughly, including also analogous
derivatives of naphthalene and anthracene. It is obvious that by introducing
one or more other substituents (e.g., alkoxyl or halogen) into the nucleus, by
partial saturation of the aromatic system, and by changes in the alkamine side

3 Mosettig and Schmehl, unpublished results.
4 See for Bibliography: ‘‘Studies on Drug Addiction,”” Small, Eddy, Mosettig, and Him-
melsbach, Pub. Health Rep., Suppl., No. 138, 1938.
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chain itself, the number of possible variations, even in one series only, becomes
exceedingly large. As the work went on, however, the speedily carried out phar-
macological and malarialogical tests enabled us to direct chemical efforts into
the more promising channels, and consequently to avoid a good deal of super-
fluous work, seen in the light of therapeutic success.

The first paper of this series deals with amino alcohols derived from 1,2,3,4-
tetrahydrophenanthrene. The starting point for this series was 9-acetyltetra-
hydrophenanthrene, which was prepared for the first time and elucidated in its
structure by Bachmann and Struve (13). From this compound the alkamines
were prepared in the customary manner vig the bromo ketones and amino ke-
tones.* Various difficulties were met with, particularly in the purification of
amino ketones, further in their reduction, and in the purification of the final
carbinolamines. In the catalytic reduction (PtO.) of the di-trans-decahy-
droquinolino ketone (IV), both of the possible diastereomeric amino alcohols
(V) were obtained in an approximate ratio of 5:1.
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We also employed in this reaction d-trans-decahydroquinoline, but were able to
detect in the reduction mixture of the amino ketone only one of the expected
isomers.

The tolerated doses {(chicks) of the drugs, varying roughly from 0.1-1.0 mg.
per g. tend to increase from the dimethylamino derivative to the didecylamino
derivative (Dr. Nathan B. Eddy, 14), while the effectiveness against Plasmodium
gallinaceum tends to increase from the dimethylamino compound to the diheptyl-
amino compound (Dr. G. Robert Coatney and Dr. W. Clark Cooper, 15). None
of the drugs showed any activity towards sporozoite-induced gallinaceum
malaria (15). SN 1796 (also recorded as NIH 204) and SN 5241 (also recorded
as NIH 700) were investigated clinically. In spite of their high antimalarial
activity in man, which equals approximately that of quinine, these two drugs
have not been considered as practical competitors of quinine or Atabrine.®
Some of the tetrahydrophenanthrene alkamines are very effective as inhibitors
of plasma cholinesterase. This effectiveness is dependent upon the size of the
dialkylamino group, passing through the maximum with the dipropylamino
derivative (Dr. Charles I. Wright, 16).

¢ The clinical studies with these two drugs will be published by the several groups to
whom these compounds were assigned by the Board for Coordination of Malaria Studies.
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TABLE Is
ANTIMALARIAL ACTIVITY OF AMINO ALCOHOLS

SN CuHys-9- Q
1792 CHOHCH,N (CHa), 1/8
1793 CHOHCH,N (C,Hy): 1/2
1794 CHOHCH,N (CsHr), 1/4
5868* CHOHCH,;N (¢-CsH1). —
1798 CHOHCH,N (allyl): —
1795 CHOHCH,N (C.H). 1/8
5869* CHOHCH,N (i-C.H,). —
1796 (NTH 204) CHOHCH,N (CsH11)» 1/4
6687* CH(OCOCH,;)CH,N(C;Hu): —
8845 CHCICH,N (C;H1)): 1/4
2673 COCH2N<C5Hu)2 -
3956 CHOHCH,N (:-CsHi1). 1/4
5478 CHOHCH,N (CeHus): 1/4
5479* CHOHCH,N (1-CeH,a) 1/4
3957* CHOHCH,N(C7H;s) 1/2
3516 CHOHCH,N(CsH11): 1/2
5241* (NTH 700) CHOHCH,N (CsHio)s 1/4
5866* CHOHCH,N (Cy¢Ha1)e —
1799 CHOHCH ;piperidino 1/16
1803 CHOHCH,morpholino —
5990 COCH.morpholino —
2718 COCH;tetrahydroquinolino —
1800; 9930 CHOHCH di-trans-decahydroquinolino 1/8
1800 CHOHCH . d-trans-decahydroquinolino 1/8
1802 CHOHCH,tetrahydro-i-quinolino —

* See footnote 5.
EXPERIMENTAL

All melting points are uncorrected.
9-w-Bromoacetyl-1,2,3, 4-tetrahydrophenanthrene (13). To a suspension of 20 g. of

s In Table I are listed the compounds which were submitted for biological investigations.
In the first column are given the identification numbers assigned to the drugs by the Ma-
laria Survey Office of the National Research Council. The third column shows the approxi-
mate ‘“‘Quinine equivalents’ expressing the effectiveness of the drugs towards Plasmodium
gallinaceum, compared with that of quinine. A dash indicates that the equivalent is less
than %.

All compounds listed in the Table were administered as hydrochlorides, except SN 2718
which was administered as base.

The compounds marked with an asterisk were prepared, within a cooperative program,
by Dr. Robert C. Elderfield at Columbia University. SN 8845 was prepared by Dr. Nelson
K. Richtmyer of the National Institute of Health. The chemistry of these compounds
will be described by the named authors in fortheoming issues of the Journal of Organic
Chemistry.
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9-acetyl-1,2,3,4-tetrahydrophenanthrene (13, 17)7 in 100 cc. of dry ether cooled in an ice-
salt bath was added dropwise with stirring 14.4 g. (4.8 cc.) of bromine over a period of thirty
to forty-five minutes. While allowing the reaction mixture to warm to room temperature,
air was blown over the surface to remove some hydrogen bromide. After cooling again to
0°, the pale yellow bromo ketone was filtered off and washed with a little cold ether. It
weighed 18.5 g. and melted at 88-89°. By concentration of the filtrate 3.5 g. of an equally
pure product was obtained, making the total yield 81%,. This material was pure enough
for the next step. A small sample recrystallized from methanol-ether melted at 91-92°,
as reported by Bachmann and Struve (13).

In only one experiment out of an approximate total of twenty, a lower-melting, more
soluble modification of the bromo ketone separated. It consisted of needles and melted at
70-72°. Upon dissolving it in warm ether, the higher-melting form separated immediately.

Amino alcohols. 9-w-Bromoacetyl-1,2,3,4-tetrahydrophenanthrene (one molecular
equivalent) was suspended in four to five times its weight of ether and the secondary amine
(two molecular equivalents) was added. The reactants were shaken together for two to
fifteen hours depending upon the reactivity of the amine. In some cases, especially when
large runs were made, it was necessary to cool during the initial stage of the reaction. After
cooling in the ice-box, the precipitated secondary amine hydrobromide was filtered off,
or washed out with water. From this point one of the four following procedures was used.

Procedure I (for compounds 2, 4, 6,8, 15,18, 24). The ether solution of the amino ketone
was dried over sodium sulfate and made just acid to Congo red paper with alcoholic hydro-
gen chloride. The precipitated hydrochloride was reecrystallized from the appropriate
solvent combination (see Table). Unless Norit was used in this recrystallization the sub-
sequent catalytic reduction proceeded sluggishly or not at all. The amino ketone hydro-
chloride was dissolved in methanol (or 95% ethanol) and the solution shaken under hydrogen
with 0.025-0.05 g. of platinum oxide catalyst per gram of hydrochloride. The reductions
required from eighteen to seventy-two hours and hydrogen absorption rarely came to a
standstill but slowed to a constant rate after about one molecular equivalent had been
absorbed. The catalyst was filtered off, the solvent evaporated under diminished pressure
and the residual amino alcohol hydrochlorides were triturated with acetone or acetone-
ether and purified by recrystallization. The yields (based on bromo ketone) were 40-70%.

Procedure II (for compounds 20, 21, 22, and 23). The ether solution of the di-trans-
decahydroquinolino (18)8 ketone from which secondary amine hydrobromide had been fil-
tered was concentrated somewhat, whence the crystalline base separated quantitatively.
It was recrystallized from methanol, and hydrogenated in methanol solution (1.0 g. of base
and 0.05 g. of platinum oxide in 50 cc. of methanol). At the end of fifteen to twenty hours,
1.2 molecular equivalents of hydrogen had been taken up, and absorption had slowed to
the minimal constant rate. After removal of the catalyst, the solvent was evaporated un-
der diminished pressure leaving & residue which crystallized on trituration with methanol.
Upon standing in the ice-box overnight, 1.5 g. of solid separated. It was recrystallized
from methanol to constant melting point (isomer A: see Table). Its hydrochloride was
prepared by adding alcoholic hydrogen chloride to an acetone suspension of the amino
alcohol base.

The original methanolic mother liquor was evaporated to dryness, and the oily residue
was dissolved in the minimal amount of methanol and allowed to stand overnight. This
yielded 0.1 g. of a diastereoisomer (B). Itshydrochloride was prepared as described above.

Procedure IIT (for compounds 2, 10, 11, 12). The dry ether solution of the amino ketone
was treated with just enough dry gaseous hydrogen chloride to precipitate unchanged
secondary amine as hydrochloride, which was filtered off. The amino ketone hydrochloride

7 We found the procedure by Bachmann and Struve (13) more advantageous for large
scale preparation of this ketone, since in the subsequent bromination the 7-isomer is easily
removed from the main product.

8 The trans-decahydroquinoline was prepared according to Adkins and Cramer (18).
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was then precipitated as an oil by addition of gaseous hydrogen chloride in a very slight
excess. On cooling and scratching, the hydrochloride crystallized and was collected. It
was reconverted to the base with dilute aqueous ammonia. The base, after drying in
ether, was dissolved in absolute ethanol (1.0 g. in 10 cc.) and the solution was shaken under
hydrogen with platinum oxide catalyst (0.04 g. per gram of amino ketone). One molecular
equivalent of hydrogen was absorbed in 25 to 35 hours, the reduction stopping at this point.
After removal of catalyst and evaporation of solvent at reduced pressure, the residual oil
was dissolved in ether and dry gaseous hydrogen chloride added in slight excess. The white
amino alcohol hydrochloride precipitated in crystalline form on cooling. The yields were
60-70%,.

9-(2-Dioctylamino-1-ozoethyl)-1,2,3, 4-tetrahydrophenanthrene hydrochloride crystallized
from ethyl acetate-ether in two forms. The less soluble one appeared as well-formed
greenish prisms (m.p. 65-75°). It lost color slowly in the dry state and possibly contained a
second mole of hydrogen chloride. The second form separated from the filtrate as hexag-
onal colorless plates (m.p. 81-83°). The latter could be converted to the prisms by re-
crystallizing in the presence of a little hydrogen chloride. Attempts to hydrogenate the
compound melting at 65-75° resulted mainly in reductive fission, only a small amount of
the expected amino alcohol hydrochloride being isolated. The second form (81-83°),
on the other hand, absorbed hydrogen smoothly to give a 709 yield of the desired product.
Either form when converted to the base could be reduced to the amino alcohol in 709,
yield.

It may be generally stated, at this point, that the dialkylamino ketones, with the excep-
tion of dimethyl and diethyl, exhibited a green coloration in the presence of a large excess
of alcoholic hydrogen chloride. This is believed to be due to the formation of a dihydro-
chloride of the amino ketone, the second molecule of hydrogen chloride being much less
firmly held than that forming the normal hydrochloride.

Procedure IV (for compounds 10 and 13). In this procedure the amino ketones were
reduced at the suggestion of Dr. E. M. Fry of this laboratory by the Meerwein-Ponndor{-
Verley method, as modified by Lund (19), [see also ‘‘Organic Reactions’” (22)]. The dried
ether solution of the amino ketone was freed of solvent and reduced with 3 molecular equiva-
lents of aluminum isopropoxide as a 3 N solution in isopropanol. Reaction time was one to
two hours. The isopropanol was distilled under a water-pump vacuum, and the dark red
oil remaining was partitioned between ether and an excess of 109 sodium hydroxide. The
ether layer was washed twice with water and dried over sodium sulfate and the solvent
evaporated. The residual amino alcohol was evaporatively distilled at 180-190° (0.1-0.5
mm.). The almost colorless distillate was dissolved in dry ether and made just acid to
Congo red paper with dry gaseous hydrogen chloride, whereupon the white crystalline hy-
drochloride precipitated. The average yield, based on bromo ketone was 60%.

It is now believed that the compounds described in procedure I could be more advan-
tageously prepared by either procedure III or IV, especially by the latter. Time did not
permit us to substantiate this by experiment.

SUMMARY

A series of amino alcohols carrying the side chain —CHOHCH,NR, in posi-
tion 9 of 1,2,3,4-tetrahydrophenanthrene has been prepared.
The evaluation of these compounds as antimalarials is discussed.

BerHEsDA 14, MbD.
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In the foregoing paper (1) we described a series of amino alcohols carrying the
ethanolamine side chain in position 9 of tetrahydrophenanthrene. This com-
munication deals with amino alcohols in which the side chain is attached to
the 9-position of phenanthrene itself (I).

/
VA YA
N

V4
CHOHCH,NR;
I

The two series, thus, are structurally closely related, the difference consisting
only in the degree of saturation of one of the terminal benzene rings of the
phenanthrene nucleus. The amino alcohols were synthesized as described
previously, namely, via the w-bromomethyl ketones and amino ketones. The
catalytic reduction of the amino ketones to the amino alcohols proved to be
rather unsatisfactory. In the first place the hydrogen absorption took place
considerably more slowly than was the case when the side chain was attached
to the 2- or 3-position of the phenanthrene nucleus, or to the 9-position of tetra-
hydrophenanthrene. Secondly the tendency to absorb more than one molecular
equivalent of hydrogen was quite pronounced. This surplus of hydrogen could
not be accounted for by reductive fission. The desired amino alcohols, however,
were obtained in good yields when aluminum isopropoxide in isopropanol was
employed as the reducing agent. When 9-(2-trans-decahydroquinolino-1-
oxoethyl)phenanthrene was reduced in this manner the two expected dias-
tereomeric forms were obtained in the approximate ratio of 7:5.

The tolerated doses (chicks) of these compounds are approximately the same
as those of their analogs in the “tetrahydro series”. Also in this series one
observes a definite decrease in toxicity with the increase in size of the dialkyl-
amino group (Dr. Nathan B. Eddy) (2). In regard to effectiveness against
Plasmodium gallinaceum it appears that, as a whole, the drugs of this series are
somewhat superior to their “tetrahydro analogs” (Dr. G. Robert Coatney and
Dr. W. Clark Cooper) (3). None of the drugs showed any activity towards

1 The work described in this paper was done in part under a contract, recommended by
the Committee on Medical Research, between the Office of Scientific Research and Develop-

ment and the National Institute of Health.
? Studies in the Phenanthrene Series XXVII.
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sporozoite-induced gallinaceum malaria (3). SN 8867 (also recorded as NIH
1111) was investigated clinically, and shown to have antimalarial activity

TABLE B¢
ANTIMALARIAL ACTIVITY OF AMINO ALCOHOLS

SN CuH¢-9-CHOHCHj- Q
1776 N(CHs;): 1/4
1777 N(C.Hj;). 1/2
1778 N(CsHi): 1/4
1779 N(CHy): 1/4
5242 N(C:Hi): 1/4
5480 N(CsHus)s 1/4
6827 N(CsHis)q 1

6828 N(CsH,1): 1/2
8867 (NIH 1111) N(CoHys)e 1/2
5970 dl-trans-decahydroquinolino (A) 1/8

(against P. vivax) greater than that of quinine4 The phenanthrene alkamines
are more effective inhibitors of plasma cholinesterase than their “tetahydro
analogs”’, but show the same general relationship between size of the dialkyl-
amino group and inhibitory effect (Dr. Charles I. Wright) (4).
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EXPERIMENTALS

9-Acetylphenanthrene was prepared by the method of Bachmann and Boatner (5).

9-w-Bromosacetylphenanthrene (6) was prepared by adding one molecular equivalent of
bromine dropwise to an ice-cooled stirred suspension of 9-acetylphenanthrene (1 g. in 5 ce.
of ether). The bromo ketone was filtered off and washed with ether. The yield of product
melting at 94-95° was quantitative.

9-(2-Dipropylamino-1-hydrozyethyl) phenanthrene hydrochloride. A mixture of 5 g. of
9-w-bromoacetylphenanthrene, 8.5 g. of dipropylamine, and 30 cc. of dry ether was shaken
mechanically overnight, cooled in the ice-box for one hour and the dipropylamine hydro-

8 In Table I are listed the compounds which were submitted for biological investigations.
In the first column are given the identification numbers assigned to the drugs by the Malaria
Survey Office of the National Research Council. The third column shows the approximate
“Quinine equivalents’’ expressing the effectiveness of the drugs towards Plasmodium gal-
linaceum, compared with that of quinine. All compounds listed in the Table were adminis-
tered as hydrochlorides, except SN 1777 which was administered as base. The synthesis of
SN 1776 and SN 1777 has been described previously by Mosettig and van de Kamp (6).

4 The clinical study with this drug will be published by the several groups to whom this
compound was assigned by the Board of Coordination of Malaria Studies.

8 All melting points are uncorrected.
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bromide filtered off. The ether filtrate was made slightly acidic with 15% alcoholic hydro-
gen chloride, whence the amino ketone hydrochloride (4.4 g.) separated as an oil which soon
crystallized. After one recrystallization from a methanol-ether mixture (Norit must be
used to ensure success of the subsequent reduction) a yield of 3.1 g. was obtained. The
melting point was 163-167°. When shaken under hydrogen with 0.14 g. of platinum oxide
catalyst in 50 cc. of 80% aqueous methanol it absorbed 1.15 molecular equivalents of hydro-
gen in twenty hours. At this point hydrogenation had practically stopped. The syrup
left after filtration and evaporation of solvent was dissolved in acetone, from which the
amino alcohol hydrochloride separated in long white prisms (1.8 g.), m.p. 180-186°. From
the mother liquor 0.3 g. of unchanged amino ketone hydrochloride was recovered.
It was not attempted to prepare this amino alcohol by the aluminum isopropoxide reduc-
tion method which was subsequently found more advantageous in this series of compounds.
Preparation of amino alcohols 2, 8, 4,6,6,7,8. 9-w-Bromoacetylphenanthrene (1 molec-
ular equivalent), the appropriate secondary amine (2 molecular equivalents), and dry
ether (5 ce. per gram of bromo ketone) were mixed and the suspension shaken mechanically
until all bromo ketone had disappeared (two to ten hours). After cooling in the ice-box for
one to two hours, secondary amine hydrobromide was filtered off and the ether evaporated
(the last few cubie centimeters i¢n vacuo). To the oily residue was added 3 N aluminum
isopropoxide (3.5 cc. per gram of bromo ketone employed in the preparation of the amino
ketone) and the reduction carried out essentially by the procedure of Lund [See paper I (1)].
It was found advantageous when working with small amounts of material to use steam-
bath heating and to replace liquid which distilled from the reaction mixture by dropwise
addition of isopropanol. The time required for the reductions was one to two hours.
Finally the isopropanocl was evaporated in vacuo and the residue was partitioned between
an excess of 109 sodium hydroxide and ether. The ether layer was washed twice with
water, dried over sodium sulfate and the solvent evaporated. The dark-colored residue
was evaporatively distilled at 190-210°/0.05 mm. The straw-colored distillate was dis-
solved in dry ether and the solution made slightly acidic with about 15%, alcoholic hydrogen
chloride. After some time (1 to'24 hrs.) the amino alcohol hydrochlorides crystallized.
The yields ranged from 409 to 75%, based on bromo ketone.
9-(2-dl-trans-Decahydroquinolino-1-hydrozyethyl) phenanthrene. Thirty grams of 9-w-
bromoacetylphenanthrene, 28 g. of di-trans-decahydroquinoline (7) and 150 cc. of U.8.P.
ether were mixed, the whole was shaken mechanically for two hours and cooled in the ice-
box. The trans-decahydroquinoline hydrobromide which separated was filtered off (21.5
g.). On standing overnight in the ice-box the ether filtrate yielded 25 g. of amino ketone
melting at 93-95°. Twenty-two and five-tenths grams of this compound was reduced with
100 cc. of 3 N aluminum isopropoxide solution as described above. After about 3 hours the
acetone test wasnegative. Upon distilling the solvent and partitioning the residue between
an excess of 10% sodium hydroxide and about 100 cc. of ether, a crystalline solid separated
in the ether layer. It was filtered off and the filtrate (X) was put aside. The precipitate
(12 g., m.p. 143-145°) was suspended in acetone and treated with 11 cc. of 15% alcoholic
hydrogen chloride. Overnight 5.7 g. of amino aleohol hydrochloride separated as clusters
of fine white needles, m.p. 243-245°. One recrystallization raised the melting point to 249~
250.5°, which did not change on further recrystallization. This compound is designated
Isomer A. The corresponding base melted at 140-142°. The acetone filtrate of hydro-
chloride A yielded, on cooling in the ice-box, 2 2.7 g. fraction of amino alcohol hydrochloride.
By evaporation of the resulting filtrate to dryness and trituration of the residue with ace-
tone, an additional 1.5 g. was obtained. These two fractions were combined and recrystal-
lized from an absolute ethanol-ether mixture. The substance appeared in clusters of
blade-like plates of m.p. 208-207° (Isomer B). It still contained a small amount of A which
could be removed by conversion to the base (m.p. 154.5-156°) and recrystallization of the
latter from aleohol. From the original ether filtrate X additional amounts of A (2.0 g.)
and of B (1.5 g.) were obtained by acidification and fractional crystallization as described
above. Thus the total yield of A was about 7.5 g. and of B about 5 g. of practically pure
material.
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SUMMARY

A series of amino alcohols carrying the side chain—CHOHCH;NR; in position
9 of phenanthrene has been prepared.
The evaluation of these compounds as antimalarials is discussed.

BeTHEsDA 14, Mb.
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In the two foregoing communications (1, 2) we have shown that phenanthryl
amino alcohols of the types I and IT exhibit antimalarial activity to a high degree.

| OCH,
V4 { /
/IY (1] | j
!
\VYAVA
CHOHCHgNRz CHOHCH,NR, CHOHCHzNRz
II

Since quinine as well as Atabrine and Plasmochin contain a methoxyl group,
we thought that the introduction of a methoxyl group into I and II might
enhance the efficacy of these amino alcohols. Mosettig and Burger (3) found
that in the Friedel-Crafts reaction on 3-methoxyphenanthrene the acetyl group
enters position 9 readily, the ketone being formed in 759, yield. From this
compound we synthesized amino alcohols of type III as described in the fore-
going papers, via bromo ketone and amino ketone. A great obstacle appeared
to be the acquisition of 3-phenanthrol in large amounts. The hitherto most
feasible preparation of 3-phenanthrol (sulfonation of phenanthrene and sub-
sequent potassium hydroxide fusion) was developed by Werner and co-workers
(4). Fieser (5) improved the process and was able to obtain this product in an
over-all yield of 20259, Sandquist (6) prepared phenanthrene-3-sulfonic
acid by sulfonation of 9-bromophenanthrene and subsequent debromination
with zinc dust and ammonia. The results of Sandquist, however, could not be
duplicated. Under the conditions given by this author, only the 3-sulfonic
acid was obtained, but the yields were considerably lower than stated. Even-
tually we sulfonated 9-bromophenanthrene at steam-bath temperature as
recommended by Anschiitz and von Siemienski (7), and dehalogenated the
reaction product catalytically. Phenanthrene-2- and 3-sulfonic acids were
formed in over-all yields (from phenanthrene) of 8% to 109 and 40% to 45%
respectively. A separation of the isomers was not necessary for our purpose.
The 2-isomer is readily lost on the way to 3-methoxy-9-acetylphenanthrene,

1 The work described in this paper was done in part under a contract, recommended by
the Committee on Medical Research, between the Office of Scientific Research and Develop-
ment and the National Institute of Health.

2 Studies in the Phenanthrene Series XXVIII.
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chiefly in the Friedel-Crafts reaction. The latter compound was obtained pure
and in an over-all yield of about 409, based on phenanthrene.

This series, as a whole, appears less effective against Plasmodium gallinaceum
than the two previously described series (Dr. G. Robert Coatney and Dr. W.
Clark Cooper) (8). The introduction of a methoxyl group into the 3-position of
phenanthrene-9-alkamines proved to be therapeutically disadvantageous, while
the toxicity (chicks) is not appreciably affected thereby (Dr. Nathan B. Eddy)
(9). None of the drugs listed above showed any activity towards sporozoite-
induced galisnaceum malaria (8).
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TABLE I*
ANTIMALARIAL ACTIVITY OF AMINO ALCOHOLS

SN Cute§ Ot cr, Q
5985 N(CH,), 1/4
5993 N(C:Hs): 1/4
1780 N(C:Hq), 1/4
1781 N(CHy): 1/4
1782 N(C:Huy)e 1/4
9470 N(CsHio)e 1/8
1784 morpholino —_
15046 dl-trans-decahy-

droquinolino (A) 1/16
1783 dl-trans-decahy-

droquinolino (B) 1/8

EXPERIMENTAL'

9-Bromophenanthrene (10). To anice-cooled, well-stirred suspension of 200 g. of phenan-
threne,’ 400 cc. of chloroform and 400 ce. of absolute ether was added during fifteen minutes,
180 g. of bromine. The temperature remained at 10° to 15°. The mixture was then cooled
to 3° for forty-five to sixty minutes, filtered, and the precipitate washed thoroughly with
about 750 ce. of cold dry ether. This dibromo adduct was heated on the steam-bath with
hand stirring until a clear melt was obtained (thirty to forty-five minutes). The yield of

3 In Table I are listed the compounds which were submitted for biological investigations.
In the first column are given the identification numbers assigned to the drugs by the Malaria
Survey Office of the National Research Council. The third coluran shows the approximate
“Quinine equivalents’’ expressing the effectiveness of the drugs towards Plasmodium
gallinaceum, compared with that of quinine. A dash indicates that the equivalent is less
than 1/16. The compounds were administered as hydrochlorides.

4 All melting points are uncorrected.

5 A 989, pure Reilly product was used.
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9-bromophenanthrene melting at 57-60° was 225 g. (87%). After one recrystallization from
petroleum ether (b.p. 60-71°) it melted at 61.5-63°.

Sulfonation of 9-bromophenanthrene. A mixture of 103 g. of 9-bromophenanthrene
(m.p. 57-60°) and 50 cc. of 969, sulfuric acid was heated in a steam-bath for one hour with
frequent shaking. Sixteen cubic centimeters more of sulfuric acid was then added and the
heating and shaking continued another hour. Finally, a second 16 cc.-portion of sulfuric
acid was addd and the heating and shaking continued forty to sixty minutes until the
reaction mixture had set to a grayish semi-solid mass. It was diluted with 1000-1500 cc.
of water and made alkaline with 200 g. of potassium hydroxide. After cooling, the precip-
itated potassium salts of the sulfonation product were collected, washed with a3% potassium
chloride solution, and air-dried. This crude product weighed 170 g.

Phenanthrene-2- and 3-sulfonic acids. Fifty grams of the above crude sulfonation
product (dried at 100°) and 5 g. of palladium-charcoal catalyst (6% Pd) were suspended in
300 cc. of 95%, ethanol, 300 cc. of water, and § ce. of concentrated hydrochloric acid. The
mixture was shaken under hydrogen at atmospheric pressure until absorption had ceased
(about five hours). It washeated almost to the boiling point, filtered and the clear solution
concentrated to 350-400 cc. Upon cooling to 10°, the isomeric potassium phenanthrene
sulfonates precipitated and were collected. The yield was 27 g. When this mixture was
separated according to Fieser (5), the 2- and 3-phenanthrene sulfonates were obtained in a
ratio of 1 to 4. A potassium hydroxide fusion of the sulfonate mixture yielded 2- and
3-phenanthrols in a similar ratio. Their separation was effected by sublimation followed
by fractional crystallization from a benzene-petroleum ether (30-60°) mixture and finally
from benzene.

8-Methoxy-9-acetylphenanthrene. The mixture of the isomeric potassium phenanthrene
sulfonates was fused as described by Fieser (5) for either of the pure isomers except that
milder temperature conditions were used. The nickel crucible containing the potassium
hydroxide melt was immersed in a metal-bath maintained at a temperature of 290-295°,
and the temperature of the melt was 250-260° while adding the sulfonate mixture. During
the following five-minute period, the bath temperature was 320-325° and the melt tempera-
ture remained at 280-285°. The yield of crude phenanthrol (m.p. 100-104°) was quantita-
tive. Fifty grams of this material was dissolved in 125 ce. of 109 sodium hydroxide and
the solution mechanically stirred while 25 ce. (35 g.) of dimethyl sulfate was added in
twenty minutes without external cooling. After an additional one-half hour of stirring
at room temperature, the reaction mixture was cooled to 0° and the methoxyphenanthrene
filtered off. The air dried precipitate (46.5 g.) was distilled in & high vacuum to yield 42 g.
of colorless product which solidified almost immediately. From the sodium hydroxide
filtrate 5 g. of hydroxyphenanthrene was recovered by acidification with hydrochloric or
acetic acids.

The 42 g. of distilled product was added in small portions to a stirred mixture of 54 g.
of aluminum chloride, 180 ec. of nitrobenzene, and 18 g. of acetyl chloride. The tempera-
ture was maintained at —5° to 0°. Stirring was continued at 0° until the contents of the
flask became rather pasty. The reaction product was then allowed to stand for twenty-four
hours at +5°. It was decomposed with an ice-hydrochloric acid mixture and the nitro-
benzene distilled with steam. The dark residual oil was dried in chloroform over sodium
sulfate and distilled under a high vacuum. The distillate (45 g.) was recrystallized from
methanol. The yield of 3-methoxy-9-acetylphenanthrene melting at 97-98.5° was 38.5 g.
(over-all yield from phenanthrene, about 40%,).

3-Methoxy-9-w-bromoacetylphenanthrene (3b). To an ice-cooled, mechanically stirred
mixture of 18 g. of 3-methoxy-9-acetylphenanthrene (m.p. 97-98.5°), 100 cc. of dry chloro-
form, and 100 cc. of dry ether was added 4.0 cc. of bromine during a fifteen-minute period.
The reaction mixture was allowed to warra to room teniperature, cooled again in ice and
the precipitated bromo ketone collected and washed with cold ether. The yield of product
melting at 116-117° was 15.4 g. By concentration of the mother liquor and dilution with
methanol a second fraction of 3.6 g. melting at 114~116° was obtained.
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3-Methozy-9-(2-dipropylamino-1-hydrozyethyl) phenanthrene hydrochloride. Ten grams of
3-methoxy-9-w-bromoacetyl phenanthrene, 6 g. of dipropylamine, and 60 cc. of dry ether
were shaken together for about fifteen hours. After cooling in the ice-box, dipropylamine
hydrobromide (5.5 g.) was filtered off. The filtrate was slowly acidified with 11 ce. of 129
alcoholic hydrogen chloride. The amino ketone hydrochloride separated as an oil which
slowly crystallized. It was collected (8.6 g.) and recrystallized from an absolute ethanol-
ether mixture. The use of Norit was necessary to ensure success of the subsequent reduc-
tion. The yield of recrystallized product (fine needles) was 7.5 g. It absorbed 859, of
one molecular equivalent of hydrogen in 48 hours when shaken under hydrogen with 0.3 g.
of platinum oxide catalyst in 100 cc. of 80% aqueous methanol. The catalyst was removed,
the solvent evaporated ¢n vacuo, and the syrupy residue dissolved in the minimal amount
of warm acetone. On standing for some time, the amino alcohol hydrochloride crystallized.
After cooling in ice & yield of 4.5 g., m.p. 200-202°, was obtained. By dilution of the filtrate
with ether a second fraction of 0.8 g., melting at 125-135° was obtained. It wasfound to be
& mixture of amino ketone and amino alcohol hydrochlorides and when subjected to reduc-
tion as described above yielded 0.5 g. more of amino alcohol salt. The latter fraction
was combined with the 4.5 g. and the whole recrystallized from absolute ethanol-ether.
Yield 4.1 g., m.p. 202.5-203°; clusters of large needles.
Anal. Cale’d for Cy5H,0CINO,: C, 71.19; H, 7.79.
Found: C, 70.91; H, 8.15.
3-Methozy-9-(2-dibutylamino-1-hydrozyethyl) phenanthrene hydrochloride. This com-
pound was prepared essentially as described for the dipropyl homolog. Nine grams of
bromo ketone yielded 7.7 g. of purified amino ketone hydrochloride. It absorbed 1.2 molec-
ular equivalents of hydrogen in twenty-two hours when shaken with 0.4 g. of platinum
oxide catalyst in 100 cc. of 80% aqueous methanol. From acetone-ether 4.6 g. of amino
alcohol hydrochloride separated. It melted at 174.5-176°. From the mother liquor a 1.1
g. mixture of amino ketone hydrochloride and amino aleohol hydrochloride was obtained.
Recrystallization of the 4.6 g. from acetone-methanol-ether gave 3.9 g. of clusters of large
white needles melting at 176-177°.
Anal. Cale’d for CysHiuCINO;: C, 72.18; H, 8.24.
Found: C, 71.90; H, 8.54.
8-Methoxy-9-(2-morpholino-1-hydrozyethyl) phenanthrene hydrochloride. This amino alco-
hol was prepared similarly to the two foregoing ones. The over-all yield from bromo ketone
was about 60%. From methanol-ether the product crystallized in white hexagonal plates
melting at 211-212° (decomp.).
Anal. Calc’d fOI‘ CmHuCINO:Z C, 6745, H, 6.47.
Found: C, 67.45; H, 6.85.
It was not attempted to prepare the foregoing amino alcohols by the aluminum
isopropoxide procedure described subsequently.
8-Methory-9-(2-dimethylamino-1-hydrozyethyl) phenanthrene hydrochloride. To 2.8 g. of a
dry ethereal solution containing 3 g. of dimethylamine was added 5 g. of 3-methoxy-9-w-
bromoacetylphenanthrene. The mixture was alternately shaken and cooled in ice-water
for a period of fifteen minutes, then allowed to stand at room temperature for two hours.
After thorough cooling in the ice-box, dimethylamine hydrobromide (1.8 g.) was filtered
off and washed with dry ether. The ether was evaporated (the last few ce. tn vacuo) and
the oily amino ketone remaining reduced with 25 cc. of 3 N aluminum isopropoxide as
described previously (2). The time required for the reduction was 2.5 hours. After
evaporating the isopropanol under a vacuum, the residue was partitioned between an excess
of 109, sodium hydroxide and ether. The ether layer was washed twice with water, dried
over sodium sulfate and acidified with 3 cc. of 209 alcoholic hydrogen chloride. The
amino alcohol salt precipitated as a brown solid in a yield of 3.9 g. After one recrystalliza-
tion from ethanol-ethyl acetate (Norit) 2.8 g. of product melting at 206-207° was obtained.
Burger and Mosettig (3b) report 207-208°,
8-Methozy-9-(2-diethylamino-1-hydrozyethyl) phenanthrene hydrochloride. A mixture of
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5.6 g. of 3-methoxy-9-w-bromoacetylphenanthrene, 2.9 g. of diethylamine and 40 ce. of dry
ether was shaken for fifteen hours and cooled in the ice-box for one hour. Diethylamine
hydrobromide (2.3 g) was filtered off and the ether filtrate washed twice with water, dried
over sodium sulfate, and the solvent evaporated. The amino ketone residue was reduced
as above with 25 ce. of 3 ¥ aluminum isopropoxide solution. Reduction time was 1.5 hours
and the yield of crude hydrochloride (m.p. 180-185°) was 8.7 g. Upon recrystallization from
absolute ethanol (Norit) 2.6 g. of produet melting at 189-191° was obtained. For analysis
a small sample was recrystallized to the constant melting point 191-192° and dried at 110°
for one hour.
Anal. Cale’d for CuHaCINO,-4H,0: C, 68.37; H, 7.36; H;0, 2.4.
Found: C, 68.70; H, 7.19; H.0, 2.5.
3-Methozy-9-(2-diamylamino-1-hydrozyethyl) phenanthrene hydrochloride. This com-
pound was prepared essentially as described for the dimethyl and diethylamino homologs.
The amino aleohol base was evaporatively distilled at 0.01 mm. pressure and at an air-bath
temperature of 200-205°. The distillate was dissolved in ether and made slightly acidic
with alcoholic hydrogen chloride. The over-all yield of hydrochloride from bromo ketone
was about 40%. It crystallized from acetone-ether as white shining plates and melted
at 124-125.5°.
Anal. Cale’d for CyHuCINO,: C, 73.03; H, 8.62.
Found: C, 73.01; H, 8.89.
3-Methozxy-9-(8-dinonylamino-1-hydrozyethyl) phenanthrene hydrochloride. This com-
pound was prepared like the foregoing dimethyl, diethyl, and diamyl derivatives. Here,
however, the reduction product was not distilled. On acidifiation of the dried ether
solution of the crude base, 4.8 g. of hydrochloride (from 5 g. of bromo ketone) melting at
123-127° was obtained. One recrystallization from an acetone-ether mixture yielded 4.1 g.
of needles which melted at 91-95°. Another recrystallization from acetone gave 3.0 g. of
plates melting at 130-133°. Finally for analysis a small sample was recrystallized again
from acetone. The melting point was 131-134°. The modification melting at 91-95° was
not encountered after the recrystallization from acetone-ether.
Anel. Cale’d for C3:HsCINO,: C, 75.56; H, 9.78.
Found: C, 75.56; H, 9.77.
3-Methoxy-9-(2-dl-trans-decahydroguinolino-1-hydrozyethyl) phenanthrene  hydrochloride.
A mixture of 3.8 g. of 3-methoxy-9-w-bromoacetylphenanthrene, 3.4 g. of dl-frans-decahydro-
quinoline (11), and 25 ce. of dry ether was shaken for eighteen hours. After cooling in ice,
2.7 g. of trans-decahydroquinoline hydrobromide was filtered off, the filtrate was evaporated
to dryness, and the residue reduced with 20 cc. of 3 N aluminum isopropoxide. The dried
ether solution of the amino alcohol was evaporated to dryness and the residual oil triturated
with a 2:1 ether-petroleum ether (30-60°) mixture, whereupon prisms separated. After
cooling they were collected. The yield of base (Isomer A) melting at 148~154° was 1.3 g.
It was suspended in acetone and neutralized with 15% alcoholic hydrogen chloride. The
resulting hydrochloride weighed 1.3 g. and melted at 247-248° (decomp.). On recrystalliza-
tion from 95% ethanol-ether it appeared as rectangular plates of m.p. 247-248° (decomp.) .
Anal. Cale’d for CpsHsCINOQ,: C, 73.29; H, 7.58.
Found: C, 72.79; H, 7.37.
The base was prepared by adding aqueous ammonia to the hydrochloride followed by
extraction with ether. It crystallized from absolute ethanol as prisms of m.p. 154-155°.

6 In a previous experiment the isomer A was isolated first as the hydrochloride and
appeared as small prisms of m.p. 228.5-230° (decomp.). Anal. Found: C, 68.17; H, 7.25.
Tt was dried for four hours at 130°. Anal. Found: C, 68.28; H, 7.28. The base, liberated
from this salt melted at 154-155° and gave no depression in a mixture m.p. with that pre-
pared from the hydrochloride of m.p. 247-248°. After about two years, the hydrochloride
of m.p. 228.5-230° had changed to the one melting at 247-248°.
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Anal. Cale’d for CxHy NQO,: C, 80.16; H, 8.02.
Found: C, 79.68; H, 8.02.

Another recrystallization from absolute ethanol did not change the melting point. The
resulting sample gave C, 79.68; H, 8,17.

The ether-petroluem ether filtrate from base A was acidified with 3 cc. of 15%, alcoholic
hydrogen chloride, and the precipitated oil was just dissolved by addition of acetone.
Overnight in the ice-box 2.0 g. of a crystalline hydrochloride melting at 229-233° (decomp.)
separated. After two recrystallizations from 95% ethanol-ether the melting point was
constant at 240-241° (decomp.). This is Isomer B. It was in the form of large needles.

Anal. Cale’d for CuH3,CINO,: C, 73.29; H, 7.58.

Found: C, 73.09; H, 7.58.
The base could not be induced to crystallize.

SUMMARY

A series of amino aleohols carrying the side chain—CHOHCH,NR; in position
9 and a methoxy group in position 3 of phenanthrene, has been prepared.
The evaluation of these compounds as antimalarials is discussed.

BeTHESDA 14, Mb.
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Attempts to discover an effective antimalarial drug have been based in part
on modification of the structure of quinine. Among the simplest compounds
examined were ethanolamine derivatives such as quinolyl-CHOHCH,NR,
and related substances in which other aryl groups, including naphthyl, replaced
quinoline (1, 2, 3, 4). A thorough investigation of such compounds was under-
taken at the National Institute of Health to determine the influence of various
nuclei on antimalarial action (5). It was found that, among others, compounds
of this type containing the a-naphthyl nucleus possessed some antimalarial
activity in avian malaria (6), although King and Work (1) had not observed
activity in similar substances. The corresponding S-naphthyl derivatives were
much less active. As part of a cooperative project with the National Institute
of Health, we have extended the work on the a-naphthyl compounds by syn-
thesizing dialkylaminomethyl-1-naphthalenemethanols in which the naphtha-
lene nucleus was substituted in various positions with halogen or methoxyl
and in which the dialkylamino group varied from dimethylamino to di-n-
decylamino.

The conventional synthesis of such ethanolamine derivatives involves the
reaction of an a-halo ketone such as I with a dialkylamine to yield an amino
ketone II which is then reduced.

COCH.X COCH;NR. CH(OH)CH:NR,

| S /
¢ +R,NH— ] —
\ o
I II 111
All of the compounds reported in this paper were prepared thus, although yields
were often poor and final products difficult to purify. These difficulties led us
to devise other synthetic methods which are described in later papers of thig
series (7, 8). It is probable that the compounds reported in the present paper
could have been prepared more readily by these alternative procedures.
The halo ketones, I, which served as starting materials for the synthesis, were
1 This work was done under a contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and Development and the University
of California, Los Angeles. The survey number, designated SN, identifies a drug in the

records of the Survey of Antimalarial Drugs. The antimalarial activity of those compounds
to which such numbers have been assigned will be tabulated in a forthcoming monograph.
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usually prepared in excellent yield by brominating the corresponding methyl
ketones which were available from the Friedel and Crafts reaction. In the case
of 4-methoxy-1-chloroacetonaphthone, however, it was easier to prepare the
chloro ketone directly by a Friedel and Crafts reaction of 1-methoxynaphthalene
and chloroacetyl chloride. The details of the synthesis of the 4-halogen-sub-
stituted acetonaphthones are given in a separate paper (9).

The reaction of naphthacyl halides with dialkylamines has been reported
by Day and co-workers (10, 11) in addition to the investigators already men-
tioned (1, 5, 6) but the instability of the resulting amino ketones has not been
emphasized. «-Amino ketones are known to be unstable when the amino group
is primary or secondary (10, 12), but e-dialkylamino ketones are usually easy
to isolate, although they are frequently reduced to amino alcohols without
isolation, and in some cages the yields are poor (1). It was reported that pi-
peridinomethyl 4-quinolyl ketone darkened on exposure to light (3) while
a-tetrahydroisoquinolino-8-acetonaphthone turned pink on standing in air
and the yield in its synthesis decreased if the reaction mixture stood too long
(11). Small and co-workers (5, 6) noted the ease of decomposition of aryl dial-
kylaminomethy! ketones, especially on heating (as in attempted distillation),
and reported that purification before reduction had never been necessary in their
experience. We followed their directions with but few modifications, adding
the a-haloacetonaphthone slowly to two molecular equivalents of dialkylamine
in dry ether to avoid quaternary salt formation, (RCOCH;):NR,*X~. After
removing the dialkylamine hydrohalide by filtration, the ether was evaporated
under diminished pressure and the ketone reduced directly. It was always
contaminated by a dark red impurity which made isolation of the final product
difficult.

When the halo ketone was 4-methoxy-1-naphthacyl halide all attempts to
isolate a-dialkylaminomethyl-4-methoxy-1-naphthalenemethanols failed until
the reactions were carried out under nitrogen. In the presence of oxygen the
products were largely intractable tars, although 4-methoxy-l-naphthoic acid
was isolated in several instances. Time was not available for an examination
of this side reaction, but it was found desirable to carry out both the condensa-
tion and reduction of the methoxyl-substituted compounds under nitrogen and
even then the crude products were dark and purification difficult. With halogen-
substituted naphthalene compounds the exclusion of air seemed to do little good.

The reduction of e-dialkylaminomethyl aryl ketones has usually been carried
out catalytically (1, 2, 3, 4, 10, 11).2 Among chemical methods of reduction
may be mentioned sodium and aleohol (13, 14, 15), sodium amalgam (16), and
sodium ethoxide in alcohol (17). Aluminum amalgam has given hydramine
fission (2, 17). The aluminum isopropoxide-isopropyl alcohol method appears
to have been tried first on this type of compound by Work (2), who reported
that the reduction of 1,12-dipiperidino- or bisdiethylamino-2,11-diketododecane
or the corresponding tetradecanes was impractical with this reagent. Burger

2 These references are to the reduction of naphthyl and quinolyl compounds and represent
only a few of the many examples in the literature.



DIALKYLAMINOALKYLNAPHTHALENEMETHANOLS, I 23

and co-workers (18, 19, 20) used the method successfully on a number of hetero-
cyclic dialkylaminomethyl ketones and Mosettig and co-workers (5, 6) applied it
independently to a large variety of aryl dialkylaminomethyl ketones. In many
cases it gives cleaner products and avoids cleavage of the C—N bond. Since
most of our compounds contained nuclear halogen which might be removed by
other reducing agents, aluminum isopropoxide was always used.

Table I summarizes the compounds which we prepared by the amino ketone
method.

EXPERIMENTAL

All melting points are corrected unless marked otherwise.

Analyses were by Jack W. Ralls or Bruce Day.

w-Bromo-1-acetonaphthones. To 0.5 mole of the substituted acetonaphthone in 450-500
ml. of anh. ether in a 1-liter, 3-necked flask equipped with mechanical stirrer and dropping-
funnel was added 0.5 mole of bromine with stirring. The first drops of bromine were added
at the b.p. of ether, and when the solution had decolorized, the flask was cooled in ice as
bromine was added dropwise. The bulk of the bromine was added at 10-15° in fifteen to
thirty minutes and the solution was then wasbed several times with water to remove hydro-
gen bromide and dried over anh. potassium carbonate or magnesium sulfate. This solution
was usually diluted with anh. ether and used directly in the amine condensation, but the
ether could also be removed and the solid product recrystallized. Table II gives the data
on the compounds prepared. 2-Methoxy-w-bromo-1-acetonaphthone was contaminated
with an oily impurity which made purification necessary.

The synthesis of 4-haloacetonaphthones is deseribed in the next paper (9). One trial of
Noller and Adams’ directions (21) for the synthesis of 2-methoxy-1-acetonaphthone by the
Friedel and Crafts reaction between 2-methoxynaphthalene and acetic anhydride gave a
low yield, and most of the material used was prepared from acetyl chloride (22) by a pro-
cedure involving remethylation of the crude reaction product with dimethyl sulfate before
isolation. The yield was 509 and 219, of 2-methoxynaphthalene was recovered.

4-Methozy-w-halo-1-acetonaphthone (23, 24). The w-chloro compound was prepared
according to the directions of Madinaveitia and Puyal (23) in 64-70% yield, m.p. 70.5-71°
after recrystallization from alcohol. The m.p. has been reported as 70° (23) and 85° (24).
The product could be distilled at 1 mm. with some decomposition.

4-Methoxy-w-bromo-1-acetonaphthone (25) was prepared similarly from bromoacetyl
bromide in 70% yield, m.p. 72.5-73.0° (reported 70°). It was also obtained in lower yield
by using acetyl chloride in the Friedel and Crafts reaction with 1-methoxynaphthalene and
brominating the produect.

w-Dialkylamino-1-acetonaphthones. To 0.2 mole of dialkylamine? in 150-200 ml. of anh.
ether in a 500 ml., 3-necked flask equipped with a mercury-sealed stirrer, condenser, and
dropping-funnel, was added 0.1 mole of substituted w-halo-1-acetonaphthone in 75 to 100 ml.
of anh. ether during fifteen minutes or longer. It was sometimes necessary to cool the
solution and to add more ether to facilitate stirring.

With 2- or 4-methoxy-w-halo-1-acetonaphthones a nitrogen atmosphere was maintained
throughout this reaction and the subsequent reduction, but with halogen-substituted
w-bromo-1-acetonaphthones this was usually not done. After further stirring and standing
for one hour or longer the dialkylamine hydrohalide, usually pure (95-99% yield), was
removed by filtration. If the ethereal filtrate does not remain free from crystalline precipi-
tate the reaction is not complete. Any hydrobromide remaining may be removed by

3 The dialkylamines were supplied in most cases by Dr. Elderfield and co-workers of
Columbia University, although some were purchased commercially from Eastman or
Sharples.
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TABLE I
DIALKYLAMINOMETHYL—].-NAPHTHALENEMETHANOLS
é é é E scggﬁl;‘- ANALYSES
80 ° oF
SN+ ;::Eg::; DIALEYLAMIND g E g g Ei wp., °C =¥DRO- c H
958 8zE M00da | cawd | g | 3| 4
4.Chloro Dimethyl 22 35 | 2185-186.5 22,52 | +59.78/59.1115.7315.96
5277 Diethyl 31 52 | ¥185.5-186.5 18.8 461.15/61.5716.7416.91
(?)
5376 Dipropyl 19 | 65 | %185-187 0.69 | 463.15/63.43(7.36(7.45
5243 Dibutyl 37-45| 65 | 125-126 0.81 | 964.86|65.01(7.89]7.98
6761 Dihexyl 34 | 77 | ¢ 48-48.5 €73.91(74.1119.3119.47
5375 Piperidino 18 | 28 | ®deec. 0.93 | 962.58/62.58/6.49/6.18
8741} 4-Fluoro Diethyl 37 5150-151 137 964.53164.64(7.11/7.23
6716 Dibutyl 42 | 84 | ?119-121 2.2 | 97.87|68.16/8.26(8.38
4-Bromo Dimethyl 2166-168 s54.08(54.16/5.17|5.30
5904 Diethyl 45 71 <92-93 2.01 | 953.57153.54(5.90/5.99
200-201
6473 | Dipropyl 45 | 68 | c40-41 0.60 | 55.89/56.00l6.52(6.65
+181~183
6453 Dibutyl 55 | 65 <4445 0.55 | 457.91\57.91[7.05[7.11
b, 0135-150
6454 Dihexyl 25 | 74 ¢53~54 0.00 | «66.34/66.49/8.59:8.47
#101-103
7734] 2-Methoxy | Diethyl 23 | 37 | *180.5-181.5 7.34 | 965.90[65.69(7.81!7.51
7001 Dibutyl 46 | 63 | *171-172 1.50 | 968.93/68.66/8.81(9.02
7375 Dihexyl 47 70 |57113-114 0.14 | 971.14{70.9119.55/9.73
128-130
5246| 4-Methoxy | Diethyl 6-31; 65 | *180-182 unc. 465.90(65.84/7.81/7.91
6409 ADibutyl 8 54 | %147-149 unc. 968.9368.45(8.81|8.90

* See footnote 1.

o Data for the p-toluenesulfonate. The hydrochloride could not be induced to crystal-
lize.

t M.p. of the hydrochloride.

¢ M.p. of the free amine.

@ Analysis of the hydrochloride.

¢ Analysis of the free amine.

7 The compound exists in two crystalline forms.

¢ This broad m.p. is due to a change in erystalline form.

& This product was distilled in a molecular still at 107 mm. It has been prepared by
other methods (7, 8).
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extraction with a little dilute sodium hydroxide, but this step was often omitted and the
ether removed from the filtrate directly under reduced pressure. The ether may also be
removed at ordinary pressure, especially with the more stable 4-bromo-w-dialkylamino-1-
acetonaphthones. The condensation of tetrahydroquinocline with 4-chloro-w-bromo-1-
acetonaphthone was not successful using these directions; the yield of tetrahydroquinoline
hydrobromide was only 259, after fifteen hours.

In early runs, when the resction of 4-methoxy-1-naphthacyl chloride with di-n-propyl- or
di-n-butyl-amine and subsequent reduction were carried out without exclusion of air, the
only pure product isolated was 4-methoxy-1-naphthoic acid, m.p. 239.5-241.5°. The litera-
ture contains melting points ranging from 230° to 239° for this compound (23, 26, 27, 28).
The mixture of our sample and one, m.p. 242-243°, obtained by the action of carbon di-
oxide on 4-methoxy-1-naphthylmagnesium bromide (29) showed the m.p. 240~243°.

Aluminum isopropoxide reduction. Isopropyl alcohol was dried by refluxing over and
distillation from caleium oxide, followed by distillation from aluminum isopropoxide.
Aluminum isopropoxide was prepared by the method of Young, Hartung, and Crossley (30)
and usually distilled before use.

The dark red or brown dialkylaminoacetonaphthone was dissolved in 200-300 ml. of
isopropyl alcohol in a 500-ml. flask (standard taper neck) and 110 ml. of 1 M aluminum
isopropoxide in isopropyl alcohol was added. This solution was distilled at a moderate

TABLE II
«-BROMOACETONAPHTHONES
ANALYSES
SUBSTITUENT YIELD % u.p, °C %C % H
Calc'd Obs. Calc’d Obs.
4-Chloros...................... 92 50-51 50.83 | 51.07 2.84 3.03
4-Bromo®.... ..., 92-95 68-68.5 43.95 43.97 2.46 2.61
4-Fluorod....................... 72-75 4344 53.98 54.06 3.02 3.13
2-Methoxye.................... 60 100-101 55.95 55.91 3.97 4.03

s Recrystallized from hexane.
b Recrystallized from methanol.

rate (20-30 drops per minute) through a 40-cm. all-glass Vigreux column or from the
apparatus deseribed by Lund (31), and acetone determined in the distillate by the method of
Marasco (32). If excess volatile dialkylamine is present (as diethylamine) it interferes
with this determination. The distillation was continued until the distillate contained very
little acetone (usually four to eight hours), more isopropyl aleohol being added if necessary.
The yields of acetone are detailed in Table I. The isopropyl alcohol was then removed from
the reaction mixture under reduced pressure and the dark red product treated by one of the
following methods.

When the dialkylamine group was lower than dibutylamine or in all cases where the
substituent on the naphthalene nucleus was methoxyl, the reduction product was treated
with ice and 200 ml. of 10 N sodium hydroxide with stirring until all the solid had disap-
peared. With those methoxynaphthalene derivatives having dialkylamine groups above
butyl this solution was steam distilled to remove the dialkylamine (for dihexylamine, under
reduced pressure). The reaction mixture was then extracted several times with ether, the
ether washed with water and dried thoroughly. The product was precipitated as the hydro-
chloride by using dry ethereal hydrogen chloride or by passing the dry gas over the surface.
It was usually necessary to add the hydrogen chloride in several portions, separating the
solid after each addition, and to avoid an excess of the reagent in order to avoid oils, but
with the 4-bromo compounds these precautions were unnecessary. 4-Methoxy-a-dibutyl-
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aminomethyl-1-naphthalenemethanol could not be obtained in a crystalline state by this
method until it had been distilled in the molecular still. With the dimethylamino com-
pounds the hydrochlorides were always obtained as oils and purification was accomplished
through the p-toluenesulfonates.

4-Halo-dibutyl- or dihexyl-aminomethyl-1-naphthalenemethanols were more easily
purified by treating the crude reduction product with 500 g. of ice and 200-250 ml. of 3 N
sulfuric acid with stirring until no solid was present. The resulting 2-phase system was
extracted several times with benzene, the benzene solution washed with water, three times
with 5% sodium bicarbonate, again with water and concentrated on the steam-bath to 300
ml. Anh. ether was added and the hydrochloride precipitated as above. The yields of
pure products, physical constants, and analyses are given in Table I.

SUMMARY

Eighteen o-dialkylaminomethyl-1-naphthalenemethanols containing halogen
or methoxyl in the 2- or 4-position of the naphthalene nucleus have been syn-
thesized by condensation of the corresponding w-bromo- or -chloro-1-acetonaph-
thones with dialkylamines and reduction of the amino ketones by aluminum
isopropoxide.
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4-Haloacetonaphthones were needed as starting materials for the synthesis
of certain amino alcohols (1). It appeared probable that these could be syn-
thesized most readily by the Friedel and Crafts reaction on halonaphthalenes,
and this has proved to be the case.

Schweitzer (2) first prepared a bromoacetonaphthone by the reaction of
1-bromonaphthalene, acetyl chloride, and aluminum chloride in carbon disulfide
but did not prove the structure of the product. Dziewonski and Sternbach (3)
carried out the same reaction and showed that 4-bromo-1-acetonaphthone was
the principal product, by oxidation to 4-bromo-1-naphthoic acid. Other exam-
ples of the Friedel and Crafts reaction with 1-halonaphthalenes have been
reported by Mayer and Muller (4) and by Fieser and Desreux (5). The latter
found that the reaction between 1-chloronaphthalene and 4-methylhydrindene-7-
carboxylic acid chloride failed when excess 1-chloronaphthalene was used as the
solvent, but in tetrachloroethane an 829, yield of a substituted benzanthrone
was obtained. No account was taken of isomers present in minor amounts in
any of these investigations.

We have found that reactions of 1-fluoro-, 1-chloro- and 1-bromo-naphthalene
with acetyl chloride and aluminum chloride in carbon disulfide proceed smoothly.
Table I gives the yields of ketone fraction and the amounts of 4-halo-1-aceto-
naphthone which could be isolated from this fraction in each case. The product
from 1-fluoronaphthalene was shown to be mainly one isomer by oxidation
to pure 4-fluoro-1-naphthoic acid and formation of a pure picrate in high yield.
Its structure was proved by replacing the fluorine with ethoxyl to form the
known 4-ethoxy-1-acetonaphthone.

The separation of 4-chloro-1l-acetonaphthone from the ketone mixture from
1-chloronaphthalene was accomplished readily through the picrate; a similar
separation of 4-bromo-1-acetonaphthone could be used, but the pure isomer was
more readily obtained by crystallizing the ketone mixture from hexane. In the
Friedel and Crafts reaction with 1-bromonaphthalene, tar formation was reduced
by carrying out the reaction at 0° and the yield of the 1,4-isomer was greatly
improved, but with 1-chloronaphthalene a corresponding temperature change
had only slight effect.

After separation of 4-chloro-l-acetonaphthone, the residual ketone fraction
from the 1-chloronaphthalene reaction failed to give a crystalline picrate. It

1 This work was done under a contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and Development and the University
of California at Los Angeles.
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was shown by oxidation to be a mixture, and semicarbazone formation permitted
isolation of a pure ketone which was readily oxidized to a pure chloronaphthoic
acid different from any known 1-chloronaphthoic acid. The ketone was shown
to be 6-chloro-2-acetonaphthone by its degradation to 2,6-dichloronaphthalene.
6-Chloro-2-acetonaphthone was also-obtained in 339, vield by the Friedel and
Crafts reaction with 2-chloronaphthalene in nitrobenzene.

No success attended attempts to isolate a pure bromoacetonaphthone other
than the 1,4-isomer, although the isolation of ketone derivatives with broad
melting ranges indicated that other isomers were present.

It is not surprising that halogen migration occurs during the Friedel and
Crafts reaction with 1-chloro- and 1-bromo-naphthalenes since it has been
observed with a variety of aromatic halides (6). Although Roux (7) obtained
no 2-chloronaphthalene when the 1l-compound was refluxed with aluminum
chloride in carbon disulfide, he did observe the rearrangement under these
conditions with 1-bromonaphthalene, and the chloro derivative was rearranged
by aluminum chloride at 100° in the absence of solvent. Fieser and Desreux
(5) found that '1-chloronaphthalene was rearranged to the 2-isomer by standing

TABLE I
HALOACETONAPHTHONES

% OF KETONE
FRACTION ISOLATED AS 4-
HALO-1-ACETONAPHTHONE

YIELD OF KETONE FRACTION

HALONAPHTHALENES (DISTILLED ONCE), %

1-Fluoronaphthalene.......................... 92 >05

1-Chloronaphthalene.......................... 89-91 55-65

1-Bromonaphthalene

At b CSe 84-88 52
at 0% 90-95 72

overnight at room temperature with aluminum chloride in tetrachloroethane.
The conversion of 1,4- or 1,5-dibromonaphthalene to the 2,6-compound (8)
and the isomerization of 1-bromonaphthalene by aluminum chloride in the
presence of various metals (9) have also been reported.

We found that l-chloronaphthalene was readily isomerized to the 2-isomer
by refluxing with large amounts of aluminum chloride in carbon disulfide while
anhydrous hydrogen chloride was passed in slowly. Considerable polymeriza-
tion also occurred, and under the same conditions 1-bromonaphthalene gave a
viscous tar from which only naphthalene could be isolated. These experiments
confirm earlier observations (6) that isomerization of halogen compounds in
the Friedel and Crafts reaction increases in the order F < Cl < Br.

The Friedel and Crafts reaction with 1-chloronaphthalene was carried out in
nitrobenzene to observe the influence of another solvent, but much polymeriza-
tion occurred, a ketone fraction was isolated in only 319, yield, and this gave a
low yield of the picrate of 4-chloro-1-acetonaphthone, indicating that there is
more isomerization in this solvent and that directive influences are different.

It was anticipated that in addition to 1,4-acetonaphthones and small amounts
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of rearranged products, other isomers resulting from the introduction of the
aceto group into the second ring would be obtained. These were not found and
the high yields of 1,4-derivatives suggest that other isomers were formed in no
more than minor amounts, This is somewhat surprising since halogen atoms,
like meta-directing groups, are known to deactivate a benzene ring and might
likewise be expected to lead to some heteronuclear electrophilic substitution in
naphthalene. The nitration of 1-chloronaphthalene, which gives 31-63%,
of 1,4-, 30-659, of 1,8- and 0-209, of 1,5-isomer (10), and sulfonation which
gives a mixture of 1,4- and 1,5-compounds (10b) support this expectation;
but 1-fluoronaphthalene appears to give exclusively 4-substitution (11) and
1-bromonaphthalene is said to nitrate in the 4-position (10b). It would be
interesting to know the relative rates of substitution reactions in naphthalene
and halonaphthalenes, but further time was not available for the investigation
of this and other questions involved in orientation and substitution in naphtha-
lene systems.

EXPERIMENTAL

All melting points are corrected.

Analyses by Mr. Jack Ralls and Mr. Bruce Day.

4-Chloro-1-acetonaphthone. In a 5-liter, 3-n. flagk fitted with an efficient, water-cooled
condenser connected to a gas trap, a mechanical stirrer with a strong motor, and 250-ml.
dropping-funnel were placed 357 g. (2.2 moles) of a-chloronaphthalene, 1500 ml. of carbon
disulfide, and 350 g. (2.5 moles) of anh. aluminum chloride. The flask was immersed in an
ice-bath and 172 ml. (2.3 moles) of acetyl chloride was added during forty-five minutes.
The a-chloronaphthalene was redistilled Eastman best grade, b.p. 140-143°/20 mm. and the
other materials were reagent grade. After the addition was complete the ice-bath was
removed, the bright yellow mixture allowed to reach room temperature, and vigorous
stirring continued for four hours. The reaction mixture was then refluxed for two hours on
a water-bath, as much of the solvent decanted as possible and the yellow slush that remained
decomposed in a 4-liter beaker with ice and 100 ml. of conc’d hydrochloric acid. The
hydrolysis mixture was kept cold by adding more ice as needed.

The heavy oil layer was separated from the aqueous phase, which was extracted once
with ether. The ether was combined with the oil, washed with water, 3 N sodium hydrox-
ide, again with water and dried over anh. magnesium sulfate. The solvent was removed
and the product distilled under reduced pressure, b.p. 155-165°/3-4¢ mm. The yield was
400410 g. (89-919%,).

The picrate was prepared by dissolving the ketone in 3200 ml. of alcohol and adding 494 g.
of picric acid (containing about 109, water). Warming gave a clear solution from which the
picrate crystallized on standing overnight in the refrigerator. The crystals were removed
by filtration and the filtrate concentrated by removing 2 liters of aleohol on the water-bath.
When the residue was cooled in ice it deposited an additional amount of the picrate which
was recrystallized from aleohol and combined with the main fraction. This picrate (about
550 g.) melted at 87-88° and was satisfactory for further work, although the m.p. could be
raised to 91-91.5° by further recrystallization. Further concentration of the filtrate was
unprofitable, and the mixture of ketones recovered from it failed to yield a crystalline
picrate.

In a 5-1., 3-n. flask fitted with a mechanical stirrer and thermometer were placed 318 g.
(3.0 moles) of sodium carbonate in 3 liters of water. The solution was brought slowly to
about 80° on a water-bath with stirring while the picrate was added in small portions during
ninety minutes and heating was continued during thirty minutes more. The solution was
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then cooled in ice to 35° and filtered to remove sodium picrate, which was washed twice with
ether. The ethereal solution was washed with water, 3 N sodium hydroxide solution, and
water and dried over anh. sodium sulfate. The solvent was removed and the produet
distilled under reduced pressure, b.p. 140-142°/1.5 mm., yield 230-270 g. (50-609%, over-all).
The compound solidified on long standing in the cold room and had the melting point 4-10°.

Essentially the same yields were obtained by adding the aluminum chloride to the
chloronaphthalene, acetyl chloride and carbon disulfide.

The filtrate from the separation of 4-chloro-1-acetonaphthone picrate yielded only picrie
acid on concentration. It was treated with sodium carbonate and water, worked up as for
the 4-chloro isomer and gave a ketone mixture (20-259, of the original ketone fraction),
b.p. 157-162°/3 mm., which did not form a picrate under the conditions used above. A
semicarbazone mixture was obtained, m.p. 204-216°, which gave a pure semicarbazone, m.p.
223.5-225.5°, by repeated crystallization from dioxane; a mixed m.p. with 4-chloro-1-
acetonaphthone semicarbazone showed a large depression. The semicarbazone was decom-
posed with dil. sulfuric acid and the oily ketone oxidized by hypochlorite without purifica-
tion to a chloronaphthoic acid, m.p. 283-284.5° after recrystallization from methanol, glacial
acetic acid, and toluene.

Anal. Cale’d for C,;H,ClO,: C, 63.94; H, 3.41.

Found: C, 64.00; H, 3.47.
The amide was prepared, m.p. 206-207°.
4-Chloro-1-acetonaphthone semicarbazone, m.p. 224.5-225.5° after recrystallization from
dioxane.
Anal. Cale’d for C;;H:CIN;O: C, 59.66; H, 4.62.
Found: C, 59.84; H, 4.68.
4-Chloro-1-acetonaphthone oxime, m.p. 124-125° from dilute methanol.
Anal. Cale’d for C,H;CINO: C, 65.61; H, 4.59.
Found: C, 65.26; H, 4.65.
A Beckmann rearrangement of this oxime with phosphorus pentachloride gave 4-chloro-1-
acetonaphthalide, m.p.190-191° (reported 186.5°) (11) which was hydrolyzed with 3 N hydro-
chloric acid to 4-chloro-1-naphthylamine, m.p. 96-97° (reported, 98°) (12).
4-Chloro-1-naphthoic acid was obtained by hypochlorite oxidation of the ketone at 60-70°
for three hours, and was recrystallized from glacial acetic acid. It had the m.p. 223-224°,
compared with the value 210° reported by Friedlinder and Weisberg (13), and was identical
with the acid obtained by the action of carbon dioxide on 4-chloro-1-naphthylmagnesium
iodide (14).
Anal. Cale’d for C,;H,ClO,: C, 63.94; H, 3.41.
Found: C, 63.88; H, 3.45.

The amide was prepared, m.p. 235-236°.

Anal. Cale’d for C;1H3CINO: C, 64.24; H, 3.92.
Found: C, 64.49; H, 4,18,

6-Chloro-2-acetonaphthone? To a solution of 24.2 g. (0.15 mole) of 2-chloronaphthalene
(20) in 100 ml. of nitrobenzene stirred and cooled in ice was added 13.2 g. (0.16 mole) of
acetyl chloride (reagent grade), and then during fifty-five minutes 22.6 g. (0.17 mole) of
anh. aluminum chloride. The red reaction mixture was stirred for two hours, allowed to
stand for five hours and decomposed with ice and hydrochloric acid. The nitrobenzene
layer was washed with water and the solvent removed by steam distillation. The product
golidified, was recrystallized from alecohol which did not remove color and was distilled,

2 Anderson and Johnson (15) obtained a 1:1 mixture of 6-bromo-2-acetonaphthone and
2-bromo-1-acetonaphthone from 2-bromonaphthalene in nitrobenzene, but in the chloro
geries the ease with which the 2,6-compound was purified suggests that relatively little of
the 1,2-isomer was present. 2-Methoxyl (16, 17) and 2-methyl (18) are known to direct
the aceto group to the 6-position in nitrobenzene solution. The procedure which we used
was similar to that of Rivkin (19) for @-acetonaphthone.
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b.p. 225-227°/4.2 mm., yield 13.5 g. (449,). The distillate was a solid which was recrystal-
lized from methanol to give 10.2 g. of white needles, m.p. 83.5-84°,

Anal. Cale’d for CioHClO: C, 70.42; H, 4.43.

Found: C,70.35; H, 4.53.

The oxime was prepared in 829, yield, m.p. 154-155° from aqueous methanol. It was
rearranged with phosphorus pentachloride to 6-chloro-2-acetonaphthalide, which was
hydrolyzed without purification by six-hour refluxing with 3 N hydrochloric acid, and the
amine isolated as the hydrochloride. Diazotization and treatment with cuprous chloride
gave 2,6-dichloronaphthalene, m.p. after recrystallization from aleohol 137-138°, over-all
yield from 6-chloro-2-acetonaphthone, 319, The m.p. of 2,6-dichloronaphthalene is given
a8 135° and 140-141° depending on the preparative method (21).

The carefully purified 6-chloro-2-acetonaphthone was oxidized with hypochlorite to
6-chloro-2-naphthoic acid for comparison with the acid obtained by oxidizing the by-
product ketone above. Three recrystallizations from toluene gave colorless crystals, m.p.
285-286°, mixed m.p. with earlier sample, 284-285.5°. The amide was prepared, m.p.
206.5-207° and gave no depression with the earlier sample.

The isomerization of 1-chloronaphthalene was accomplished by adding during half an hour
23.8 g. (0.18 mole) of anh. aluminum chloride to a solution of 16.3 g. (0.1 mole) of 1-chloro-
naphthalene in 90 ml. of carbon disulfide with stirring and refluxing. The mixture turned
red at once and was soon purple. Dry hydrogen chloride was passed in slowly for one-half
hour, the mixture was refluxed for 1.5 hours and finally stirred for 3.5 hours at room tempera-
ture before decomposing with ice and dil. hydrochloric acid. The carbon disulfide layer
was separated, washed with water, dried over anh. potassium carbonate and concentrated.
Distillation at reduced pressure of the black oil which resulted gave 7.8 g. (487, recovery)
of a yellow oil, b.p. 140-153°/22 mm. (bath 250-305°) and left 6-7 g. of a black solid in the
distilling flask. The yellow oil solidified partially in an ice-bath and was recrystallized 3
times from aleohol to give 1 g. of 2-chloronaphthalene, m.p. 59-60°, no depression with
authentic 2-chloronaphthalene (20).

4-Fluoro-1-acetonaphthone. In a 1-liter, 3-n. flask equipped with a mercury-sealed
stirrer, & powerful motor, an efficient reflux condenser, and a short piece of large-diameter
rubber tubing connected to a dry Erlenmeyer were placed 57.6 g. (0.4 mole) of 1-fluoro-
naphthalene (11), b.p. 139-141°/96 mm., 48 g. (0.6 mole) of acetyl chloride, and 350 ml. of
carbon disulfide. The solution was brought to reflux on a water-bath, the bath removed,
and 93 g. (0.7 mole) of anh. aluminum chloride added with stirring during half an hour so
that gentle refluxing was maintained. The reaction mixture was refluxed on a water-bath
with stirring for two hours, stirred for 3.5 hours longer without heating and worked up as
usual. The product was an oil, b.p. 138-140°/4.5 mm., yield 65.5 g. (92%). On standing
in the cold-room it crystallized, m.p. 36-38.5°. It could be recrystallized from hexane
with excellent recovery, m.p. 38-39°.

The picrate of 4-fluoro-l-acetonaphthone was prepared using equimolar amounts of
recrystallized ketone and picric acid in alcohol. An 889, yield of product, m.p. 90-91°, was
obtained as a first crop, and systematic concentration and recrystallization produced an
almost quantitative yield. Carefully recrystallized samples melted at 90.5-91.5°. The
ketone was readily recovered from the picrate.

When the hexane filtrates from crystallization of distilled 4-fluoro-1-acetonaphthone
were concentrated and converted to picrate, the yield of material, m.p. 90-91°, was 887,
of that theoretically possible if the concentrate were pure 1,4-isomer. This indicates that
the once-distilled product from the Firedel and Crafts reaction contained no more than
traces of isomers of 4-fluoro-1-acetonaphthone.

4-Fluoro-1-naphthoic acid. Oxidation of 4-fluoro-l-acetonaphtone with hypochlorite
at 60-70° gave an essentially quantitative yield of 4-fluoro-1-naphthoic acid, m.p. after two
recrystallizations from toluene, 224.5-225°.

Anal. Cale’d for CyH,FO,: C, 69.47; H, 3.71,

Found: C, 69.15; H, 3.84.
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4-Ethoxy-1-acetonaphthone. A solution of 1.86 g. (0.01 mole) of 4-fluoro-1-acetonaph-
thone in 10 ml. of alcohol was added to 1.12 g. (0.02 mole) of potassium hydroxide in 5 ml.
of alcohol and the mixture warmed fifteen minutes on the steam-bath. The orange-red
reaction mixture was diluted with 20 ml. of water and the oil that separated soon solidified.
It was taken up in ether and the ether solution washed twice with water, dried over anh.
magnesium sulfate, filtered, evaporated to 10 m!. and cooled in ice, which gave 1.8 g. (849,)
of beautiful white crystals, m.p. 76.5-77.5°. After one recrystallization from dry ether
the m.p. was 77.5-78°. The m.p. of 4-ethoxy-l-acetonaphthone has been reported as
78-79° (22) and as 77° (23).

An analogous reaction with 4-nitro-1-fluoronaphthalene has been reported (11).

4-Bromo-1-acetonaphthone. In a 2-liter apparatus like that described for 4-fluoro-1-
acetonaphthone were placed 207 g. (1 mole) of 1-bromonaphthalene (Eastman best grade),
82 ml. (1.1 moles) of acetyl chloride and 800 ml. of carbon disulfide. The solution was
maintained at 0~2° while 173 g. (1.3 moles) of anh. aluminum chloride was added with stir-
ring. Stirring was continued for seventy-five hours at 0-2° and six hours at 15-16°, or until
the evolution of hydrogen chloride was negligible. The temperature was maintained
at 0° with cooling and efficient stirring while 700 ml. of 3 N hydrochloric acid was added
and the carbon disulfide layer was worked up as usual. The residual oil was distilled, b.p.
165-175°/2—4 mm., yield 230-240 g. (90-95%,). The product was crystallized from 1300 ml.
of hexane (Skellysolve B) with slow cooling to —10°, yield 162-172 g. (65-69%), m.p. 47.0-
47.5°. Concentration of the mother liquors gave 65 g. of a mixture of isomers which was
not separated successfully by crystallization or picrate formation.

The 4-bromo-1-acetonaphthone prepared by Dziewonski and Sternbach (3) was a liquid.

Similar runs at the b.p. of carbon disulfide gave 84-887%, yields of ketone fraction from
which only 52% could be recovered as pure 4-bromo-1-acetonaphthone by crystallization.
The mother liquors were converted to picrate as for the 4-chloro compound. The first
crop, 96 g., m.p. 89-91° (not improved by crystallization) was decomposed in the usual
manner and gave 30 g. of pure ketone after 3 recrystallizations from hexane. The second
crop of picrate, m.p. 70-80°, yielded no pure ketone. The over-all yield of 4-bromo-1-
acetonaphthone was 54-57%.

Anal. Cale’d for Ci.H,BrO: C, 57.85; H, 3.64.

Found: C, 57.17; H, 3.79.

4-Bromo-1-acetonaphthone oxime was readily obtained in good yield and crystallized
from 509, alcohol, m.p. 143-144° [reported 142° (3)]. The residual ketone mixture was also
converted to a mixture of oximes, m.p. 90-120°, from which the only isolable pure product
was the oxime of 4-bromo-1-acetonaphthone.

4-Bromo-1-acetonaphthonesemicarbazone was obtained in excellent yield, m.p. 225.5—
226.5°, from alcohol [reported m.p. 215-217° (3)]. The residual ketone mixture gave a
mixture of semicarbazones, m.p. 190-200°, which could not be separated.

An attempt was made to separate the ketone mixture by chromatographing the 2, 4-
dinitrophenylhydrazones, but without success.

4-Bromo-1-naphthoic acid. Hypochlorite oxidation of 4-bromo-l-acetonaphthone in
dioxane at 60° gave 4-bromo-1-naphthoic acid, m.p. 217-219°, recrystallized from alcchol
[reported 217-220° (24]. Similar oxidation of the residual ketone mixture gave a mixture
of acids which could not be separated by erystallization.

SUMMARY

Excellent yields of 4-fluoro-, 4-chloro-, and 4-bromo-1-acetonaphthones have
been obtained by the Friedel and Crafts reaction between acetyl chloride and
the 1-halonaphthalene. It was necessary to purify the 4-chloro compound
through the picrate, but the 4-bromo isomer was crystallized directly. The
4-fluoro compound was free from isomeric impurities. Some 6-chloro-2-aceto-
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naphthone, resulting from halogen migration, was isolated from the residual
ketone mixture from the synthesis of 4-chloro-l-acetonaphthone. A similar
isomerization of 1-chloro- to 2-chloro-naphthalene was demonstrated under the
influence of aluminum chloride and hydrogen chloride at the boiling point of
carbon disulfide.

Los ANgeELEs, CALIF.
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[ConTRIBUTION FROM THE ORGANIC CHEMISTRY LABORATORIES OF COLUMBIA UNIVERSITY]

THE SYNTHESIS OF SOME INDENE AND DIHYDRONAPHTHALENE
DERIVATIVES RELATED TO STILBESTROL

MILTON SILVERMAN anp MARSTON TAYLOR BOGERT
Recetved July 18, 1944

In April, 1941, Plentl and Bogert (1) published an article on the synthesis of
tricyclic hydrocarbons related to stilbestrol, in which they described how com-
pounds (I) and (II) were prepared from ethyl phenylcyanacetate and alpha-
or beta-phenylethyl bromide, and mentioned the fact that experiments were
already under way in these laboratories for the synthesis, by similar reactions,
of the more important corresponding alkoxy and hydroxy (III, IV) derivatives.

Et Et
&
(7 Sor Ser
———CHMe N /CH:,
CH2

OH OH
(I1D) \ @ \C—

HO H /CHz

CH,

Unfortunately, both authors of the present communication were compelled,
by various war duties, to interrupt these experiments temporarily and, before
the resumed work could be completed, the articles by Salzer (2, 3) and by
Solmssen (4) appeared, anticipating some of our own results, as explained
beyond.

The Plentl and Bogert synthesis can be summarized as follows:
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Frow SHEET 1
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When the isomeric PhCH.CH,Br was used instead of (V), the product was the
corresponding dihydronaphthalene derivative (1I).

The method employed by Salzer (2, 3) for the synthesis of the indene derivative
(XIII) is shown in Flow Sheet 1.

When the homologous (m) MeOC¢H,CH,CH;Br was used in place of (IX),
the analogous dihydronaphthalene derivatives (XIV and XV) were formed.

Salzer failed to record the yield of several of his compounds and his final
product (XIII) was obtained as an impure oil, which he identified by preparation
of a crystalline diacetate (m.p. 131°) and by remethylation to (XII). He
found it impossible to prepare any homologs of (XIII) or (XIV), with other
substituents in position 3 of the indene, or position 1 of the dihydronaphthalene,
since cyclization occurred only in the case cited.

He also concluded, without any apparent experimental proof, that ring closure
of (XI) to (XII) occurred para to the methoxyl group, as shown in Flow Sheet
1, although his patent (3) indicates clearly that this may take place also ortho
to the -OMe group in the formation of the indene cycle.

Solmssen (4) followed still another procedure in his synthesis of the indene
derivatives:
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Frow SHEET 2
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In its general plan, this process differs from that of Plentl and Bogert (1),
and in that pursued by us (Flow Sheet 3), only in the way in which the sub-
stituted hydrocinnamic acid (XIX) is prepared.

By hydrolysis of the dimethyl ether (XXI) with hydrobromic in glacial acetic
acid, followed by a tedious chromatographic adsorption, he secured an im-
pure dihydroxy derivative (III), from which he prepared a diacetate, but
attempted purification through various esters proved unsatisfactory.

In the cyclization of the acid (XIX), he noted the formation of two isomeric
indanones (m.p. 96° and 172°). Because the higher-melting form proved un-
reactive to the Grignard reagent, he ascribed to it the following formula:

0O
MeO |

¢
/ \\(I)H—QOMe (m.p. 172°)

———CH,

Further experimental work in this field, it seemed to us, should include addi-
tional proof of the constitution of these indanones, the preparation of the di-
hydroxy compound (III) in higher purity and better yield from its dimethyl
ether (XXI), and corroborative identification of some of Salzer’s products.

In continuing our own experimental work in this field, with the object of
obtaining the desired alkoxy and hydroxy derivatives (III, 1V), homoanisonitrile
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(XX1I) was selected as initial material. This was prepared from p-nitro-
benzyleyanide in excellent over-all yield, as follows (5, 6): p-0:NCH,CH:CN —
H:NCH,.CH,CN — HOCH.CH,CN — MeOCH,CH,CN (XXII). The
m-MeOCH,CH,Br (XXIII) with which it was condensed was prepared from
m-methoxybenzaldehyde by these steps: HOCsH,CHO — MeOCH,CHO —
MeOCeH4CH20H - MEOCGH4CH2BT.

We synthesized the indene derivative (I1I) as shown in Flow Sheet 3.

Frow SHEET 3

C|N oMe cn—@
0\ /CH,Br + CH, ~ Meo N ——CH,

(XXIID (XXID) (XXIV)
HOCO CICO OMe
\CH—— NcH—
‘ —_
MeO ’——“_‘C H~)
(XIX) (XXV)

(XX) — (XXXI) — III (as in Flow Sheet 2).

For the synthesis of the corresponding dihydronaphthalene derivatives,
m-MeOCH,CH.CH,Br was substituted for (XXIII) in the initial reaction
above. This bromide was obtained by the following series of reactions:

m—HgNCeH4BI‘ h—d HOCGH4BI‘ i MeOCeH4BI' - MeOCsH4CH2CH20H nd
MeOCsH.CH.CH,Br (XXX).

The m-bromoanisole was prepared by the process of Koelsch (10), and then
converted into the aleohol and bromide as described by Bachmann and Thomas
(8).

The sodium derivative of the homoanisic nitrile (XXII) was formed by reaction
with a molar equivalent of sodamide in liquid ammonia, adding benzene and
driving off the excess of ammonia. The sodamide was prepared fresh by the
method of Vaughn, Vogt, and Nieuwland (7).

This sodium derivative was condensed with the bromide (XXIII) in dry
benzene, and the resulting nitrile (XXIV) saponified by dilute alcoholic alkali
to the acid (XIX).

The cyclization of this acid to the indanone (XX) was accomplished by the
addition of stannic chloride to a benzene solution of the acyl halide (XXYV), in
much the same way as Bachmann and Thomas (8) prepared 6-methoxy-1-keto-
1,2,3,4-tetrahydronaphthalene. An excellent yield of the lower-melting
isomer (m.p. 96-97°) was obtained as the sole product.

This product, on oxidation with chromic acid in dilute sulfuric acid solution,
gave 2-(4’-methoxyphenacyl)anisic acid (XXVI). Oxidation of this acid by
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309 hydrogen peroxide in alkali solution, yielded anisic and 4-methoxyphthalic
acids:

o
[

C
/ \CH~—©0Me COOH
| — —
MeO\\ ,/———CH, MeO crr,co@om

XX) (XXVID)

COOH COOH

+
MeO Co0oH MeO

These results on the indanone (XX) support the structures (XXI and III)
assigned by Solmssen (4) to his products.

We have also verified the correctness of Salzer’s (2, 3) constitutional formula
(XII) for the cyclization product of the ketone (XI), since we have obtained
the same compound (m.p. 110-111°) by our process.

The conversion of the indanone (XX) into the indene derivative (XXI) was
accomplished by refluxing it with ethylmagnesium iodide in toluene solution,
the carbinol first formed undergoing dehydration at that temperature. In this
way, not only the 2-ethyl (XXI), but also the 2-methyl, 2-phenyl, and 2-cyclo-
hexyl derivatives were obtained.

In common with other investigators (2, 4, 9), we experienced great difficulty
in demethylating these ethers, and we failed to isolate appreciable amounts of
the pure dihydroxyindene by treatment with any of the following chemicals:

(a) Potassium hydroxide in alcohol, ethylene or propylene glycol, at 200°,
250°, or 300°, for 24 or 48 hours.

(b) Aluminum chloride in carbon disulfide, benzene, or chlorobenzene.

(¢) The Grignard reagent, or aniline hydrochloride (alone, or in boiling tetralin).

Compound (III) was finally obtained by refluxing with a mixture of con-
centrated (48%) hydrobromic acid in glacial acetic acid, in an atmosphere of
carbon dioxide, essentially as described by Solmssen (4), the proportion of
reagents used being governed by the solubility of (III) in the acid mixture.

By treatment with suitable solvents, an anlytically pure product was secured,
in small colorless needles, m.p. 176-177°, and the chromatographic adsorption
used by Solmssen proved unnecessary. His product formed “slightly colored
crystals,” m.p. 136°, and gave analytical figures for carbon indicative of the
presence of some impurity. The higher m.p. of our product may indicate that
the compound is dimorphic. The diacetate prepared by us agreed closely with
the one described by him. The pure diphenol (III), after standing for a few
days in a sample bottle, darkened and apparently underwent some decomposition.

As a further check upon the identity and purity of our product (IIT), we have
compared its ultraviolet absorption spectrum, and that of its dimethyl ether
(XXTI), with that of the diacetate as recorded by Solmssen (4), and found the
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curves for all three compounds very similar, with a maximum at 305 mgu and
a minimum at 252 mu for (XXI) and (III), as compared with a maximum of
295 my and a minimum of about 255 mu for the diacetate (4). The peak at 232
mu has not hitherto been reported.

28—
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"
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-
/00—
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0~ Dihydroxy Comp'd, (L)
a—-D/methoxy ¢ (XXI)
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We owe these ultraviolet absorption curves to the skill and courtesy of Pro-
fessor Erwin Brand of the Columbia University College of Physicians and
Surgeons, to whom we wish to express our sincere thanks.

In some preliminary experiments seeking a more direct synthesis of (XXTI),
a Reformatsky reaction was attempted upon p-methoxypropiophenone with
alpha-chlorohomoanisonitrile in benzene solution, but the only product isolated
was the di-p-anisylsuccinonitrile (XXIX): (p-)MeOC:H,COEt 4+ CICH(CN)
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Frow SmEET 4
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CeHOMe(p)(XXVIII) — (p-)MeOC:H,CH(CN)CH(CN)CsHOMe(p-)(XXIX),
obviously the result of the coupling of two molecules of (XXVIII).

In the dihydronaphthalene series, the sodium derivative of homoanisic nitrile
(XXII) was brought into reaction with beta-(m-anisyl)ethyl bromide (XXX},
as mentioned above, and the substituted butyronitrile (XXXI) then saponified
(XXXII) by alkali.

The cyclization to the tetralone was accomplished by means of phosphorus
oxychloride, as deseribed by Dodds ef al. (9).

To avoid the troublesome problem of demethylating the dimethyl ether of
(IV), a different line of approach was explored.

The diphenolic ketone (XXXIV), obtained from (XXXIII) by the action of
concentrated hydrobromic acid in glacial acetic acid solution, was dissolved in
anisole and treated with a slight excess of ethylmagnesium iodide. The inter-
action of the two phenolic groups with the Grignard reagent, however, pre-
cipitated the compound, so that the carbonyl group was not attacked and, upon
working up the reaction mixture in the usual way, the initial compound was
recovered.

An attempt was then made to take advantage of the observation of Luttring-
haus and Saaf (11) that phenylallyl ethers are easily split by organometallic
compounds at low temperatures. The diallyl ether (XXXV) was prepared by
the Claisen method (12) and subjected to the action of ethylmagnesium iodide
in benzene solution. From the reaction mixture, there were isolated the naph-
thalene derivative (XXXVIII), and either the di-(XXXVII) or tetrahydro
(XXXVI) compound. It is suggested that compounds (XXXVI) and (XXX-
VIII) resulted from disproportionation of (XXXVII), although the evidence for
the presence of the dihydro compound (XXXVII) was too incomplete to differ-
entiate it satisfactorily from the tetrahydro derivative (XXXVI). No cleavage
of (XXXVII) (or XXXVIII) resulted when it was subjected to the action of
phenyllithium in ether at 50°.

4 lCOCH2
MeQO N OMe + BrCH.CH,OEt + NaOEt —

(XXXIX)

AN
¥
CcoO CH=CH
7 AN / N
’ CHC¢H.OMe ‘
MeO A\ CI H MeO' A\ OMe
/
T
OR

(XL) (XLD
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Experiments were also conducted for the condensation of befa-bromodiethyl
ether with desoxyanisoin (XXXIX), in the presence of sodium ethoxide in
benzene solution, to obtain the ether (XL), in the hope that this could be hy-
drolyzed to the corresponding alcohol, and the latter subjected to a cyclo-
dehydration (18). The compound actually isolated, however, proved to be the
di-anisal, (4,4’-dimethoxystilbene)(XLI), presumably formed by reduction of
carbonyl to the secondary aleohol group, followed by dehydration. Whether
this was the cis or trans form was not determined.

Some preliminary experiments were carried out in a different direction, in-
volving the application of the Reformatsky reaction to alpha-ethyldesoxyanisoin
(XLII), but these had to be interrupted before completion, because of the transfer
of the junior author to other important work. The reactions completed in-
cluded the condensation of ethyl bromoacetate with the ethyldesoxyanisoin to
the expected hydroxy ester (XLIII), dehydration of the latter to the unsaturated
ester, followed by saponification to the corresponding acid (XLIV).

Ith Elt
CH CH OH
N N\co AN
O _— C—@OMe —
MeO\ OMe MeO AH,
/
ROC
I
0
(XLID (XLIID
Et Et Et
| | |
© N C\ C\
N N AN
= R — —_—
MeO CH, CH, | cH
/S / S\ /
HO(If co (I)
0 OH
(XLIV) (XLV) (XLVI)

Cyeclization of (XLIV) should yield first the ketodihydro compound (XLV),
which probably would rearrange promptly to the tautomeric alpha-naphthol
derivative (XLVI), but it is uncertain when these experiments can be completed.

Acknowledgments. We are indebted to the General Aniline Co. of New York
for a generous supply of m-hydroxybenzaldehyde. To Mr. Saul Gottlieb and
Miss Frances Marx, we are under obligations for the analyses reported.
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EXPERIMENTAL

All melting points reported are corrected for exposed stem.

m-Bromanisole. m-Bromaniline was diazotized according to the method of Koelsch (10).
The bromophenol, b.p. 124-127°/22 mm., (lit.b.p. 125-130°/25 mm.) (10), was methylated by
the procedure of Buck (14), who prepared veratric aldehyde from vanillin. The over-all
yield was 65-70%, b.p. 108-110°/22 mm., [lit. b.p. 105°/16 mm. (15)].

beta-m-Anisylethyl bromide (XXX). The directions of Bachmann and Thomas (8) were
followed, except that the Grignard reagent was prepared fromm-bromoanisole instead of the
corresponding iodo derivative. We were unable to obtain the excellent yield of the alcohol
reported by these workers from the reaction between the Grignard reagent and ethylene
oxide. The yield of alcohol obtained for conversion to the bromide was 59%, b.p. 110-115°/5
mm., [lit. 105-110°/1 mm. (16)]. The yield of bromide, based upon the alcohol used was
61%, b.p. 137-139°/13 mm. [lit. b.p. 138°/12 mm. (17)].

p-Methoxybenzyl cyanide (homoanisonitrile) (XXII). Koessler and Hanke (5) prepared
p-hydroxybenzyl cyanide by the reduction of p-nitrobenzyl eyanide followed by diazotiza-
tion. Their directions are based upon the earlier work of Pschorr, Wolfes, and Buckow (6).
The yield of erude product was 71%, m.p. 65-70° (lit. m.p. 67-71°).

The methylation was carried out by the method of Meisenheimer and Weibezahn (18).
The yield, based upon crude p-hydroxybenzyl ecyanide, was 88%, b.p. 153-154°/15 mm. (lit.
b.p. 152°/16 mm.).

m-Methoxrybenzyl bromide (XXII1). This compound was prepared as directed by Wood-
ward (19), except that the hydroxybenzaldehyde was methylated by the method of Buck
(14). The carbinol was prepared by hydrogenation of m-methoxybenzaldehyde using the
Adams catalyst in the presence of ferrous ions. The conversion to the bromide was easily
carried out by passing hydrogen bromide into a benzene solution of the alcohol. The
over-all yield of bromide was 85-90%; b.p. 127-129°/18 mm. [lit. b.p. 127°/16 mm. (20)].

alpha-(p-Anisyl)-beta-(m-anisyl) propionitrile (XXIV). A solution of sodamide was
prepared by adding 4.25 g. of sodium in small pieces to 75 ce. of liquid ammonia containing
0.1 g. of ferric nitrate hexahydrate. As soon as all of the sodium had reacted, 27.2 g. of
homoanisonitrile was added slowly to the well-stirred solution. A suspension of the sodium
enolate formed immediately and the solution turned deep yellow in color. After standing
for fifteen minutes, 200 cc. of benzene was carefully added and the mixture refluxed on the
steam-bath for three hours. A solution of 37 g. of m-methoxybenzyl bromide in 30 cc. of
benzene was added through the dropping-funnel. After refluxing for six hours, the benzene
solution, containing a precipitate of sodium bromide, was cooled, washed with dilute
hydrochloric acid and several times with water, then separated and dried over anhydrous
sodium sulfate. The solvent was evaporated, after the solution had been filtered, and the
dark brown oil was taken up in hot alecohol. On cooling, a copious precipitate came down
which was recrystallized from alcohol. The glistening platelets melted at 93-94°; yield,
71%.

Anal. Cale’d for CyHyyNO,: C, 76.4; H, 6 4.

Found: C, 76.5; H, 6.4.

alpha-(p-Anisyl)-beta-(m-anisyl) propionic acid (XIX). Hydrolysis was accomplished
by refluxing a mixture of 29.0 g. of the nitrile (XXIV) dissolved in 110.0 cc. of alcohol and
58.0 g. of sodium hydroxide dissolved in 58.0 cc. of water on the steam-bath for thirty hours.
After diluting with water, the alecohol was evaporated. The cold solution was filtered and
acidified with dilute hydrochloric acid. The yellow oil which separated soon solidified.
It was filtered, washed, and redissolved in dilute sodium carbonate solution. The insoluble
material was filtered off, and the solution was then acidified with hydrochloric acid. The
white solid was erystallized from alcohol, m.p. 105-106°; yield, 85%.

Anal. Calc’d for CiyHsO4: C, 71.3; H, 6.3.

Found: C,71.5; H, 6.4.
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Solmssen (4) recently prepared this compound by the catalytic hydrogenation of m-
methoxy-alpha-(p-anisyl)cinnamic acid. He records the m.p. 106°.

2-(p-Anisyl)-6-methozyindanone-3 (XX). Cyclization was carried out in a manner
analogous to that of Bachmann and Thomas (8) in their preparation of 6-methoxy-1-keto-
1,2,8,4-tetrahydronaphthalene. The acid (XIX) (11.9 g.) was suspended in 50 cc. of dry
ether containing two drops of pyridine. Thiony! chloride (5.5 g.)was added dropwise to
the stirred suspension. The acyl chloride formed immediately and the reaction was ended
by refluxing on the steam-bath for a few minutes. The ether was removed under reduced
pressure, 10 ce. of benzene added, and this solvent also removed. The addition of benzene
and its removal was repeated twice more. The oil was taken up in 100 cc. of benzene in a
flask equipped with a dropping-funnel, stirrer, and reflux condenser. The solution was
cooled to 5° and 12 g. of stannic chloride dissolved in 10 cc. of benzene was added dropwise.
The insoluble complex separated as a dark brown oil which appeared to soldify as the mix-
ture was stirréd for ninety minutes at room temperature. This mixture was decomposed
in the usual manner and the benzene layer separated, washed with water, dilute sodium
carbonate solution, and finally with water again. After drying over anhydrous sodium
sulfate, the solution was filtered and the solvent evaporated. The oil soon solidified and
was crystallized from alcohol; m.p. 96-97°; yield, 829,.

Anal. Cale’d for CyH,603: C,76.1; H, 6.0

Found: C, 76.0; H, 6.0.

We were unable to obtain this indanone (XX) by the action of phosphorus oxychloride
upon the acid (XIX), because the decomposition was so great that no pure product could be
isolated. The use of sulfuric acid, dilute or concentrated, resulted always in products
containing much alkali-soluble material. Attempts to effect ring closure by the action of
aluminum chloride upon the acyl chloride in carbon disulfide, gave erratic results.

In the literature (4) this compound was obtained along with the isomeric 2-(p-anisyl)-
4-indanone-3 by eyclizing (XIX) with phosphorus pentoxide in benzene. The m.p. is
given as 96°,

Ozidative degradation of (XX). 2-(4'-Methozyphenacyl)anisic actd (XXVI). The ketone
(XX) (1.65 g.) was oxidized with 70 cc. of a solution containing 10 g. of chromic acid and 10 ce.
of sulfuric acid in 100 cc. of water. The reaction mixture was heated on the steam-bath for
ninety minutes with frequent shaking. After cooling and filtering, the precipitate was
washed with water and dissolved in dilute sodium carbonate solution. The liquid was
filtered and acidified with 509 sulfuric acid until acid to Congo red paper. The solid was
filtered off, washed with water and recrystallized twice from an alcohol-water mixture (1:1)
yielding 0.67 g. of white hair-like needles melting at 181-183°.

Anal. Cale’d for CyH60;: C, 68.0; H, 5.3.

Found: C,68.2;H, 5.5.

In another run, 2.0 g. of (XX) was oxidized by chromic acid as outlined above. After
the filtered product was freed of chromic salts, it was dissolved in 25 cc. of 10% sodium
hydroxide solution and slowly treated with 30 cc. of 309, hydrogen peroxide on the steam-
bath. Assoon as the excess peroxide had been decomposed (15 min.) the reaction mixture
was cooled and acidified to Congo red paper. The precipitate which formed was filtered
and twice recrystallized from water, yieldong 0.5 g. of colorless needles identified as anisic
acid.

The filtrate, obtained after acidification of the peroxide-free solution, was evaporated to
dryness and the residue extracted several times with ether. The solvent was removed and
the solid material sublimed at 1/2mm. (Wood’s metal bath at 190-200°). The sublimate
was recrystallized twice from glacial acetic acid to which a few drops of water were added,
vielding 0.1 g. of white crystals melting at 95-96°. The compound was identified as 4-
methoxyphthalic anhydride by analysis and by a mixed melting point with a specimen
prepared from m-methoxybenzoic acid by the method of Chakravarti and Perkin (21);
mixed m.p. 95-96°. [Lit. 95° (21)].

Anal. Cale’d for CoHsO4: C, 60.7; H, 3.4.

Found: C, 60.7; H, 3.5.
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3-Methyl-2-(p-anisyl) -6-methozyindene (XII). The ketone (XX) (2.68 g.) was dissolved
in 25.0 ce. of toluene. This solution was added dropwise to a Grignard reagent made from
0.24 g. of magnesium and 1.42 g. of methyl iodide in 25.0 cc. of ether. The solution became
warm and turned orange in color. The ether was distilled off and the mixture refluxed for
one hour at 105-110°. It was decomposed in the usual way with 209, iced sulfuric acid.
The toluene extract was separated, washed, and dried over anhydrous sodium sulfate.
The solvent was evaporated and the red oil soon solidified. Itwas crystallized from alechol;
m.p. 110-111.5°; yield, 60%.

Anal. Cale’d for CisHy30:: C, 81.2; H, 6.8.

Found: C, 81.1; H, 6.7.

Salzer (2) has also prepared this substance by cyclizing 1-(p-anisyl)-1-(m-methoxy-
benzyl)acetone with concentrated sulfuric acid. The melting point 110° is in good agree-
ment with that recorded above.

8-Ethyl-2-(p-anisyl-6-methozyindene) (XXI). This compound was prepared from 2.68 g.
of the ketone (XX) in 25.0 ce. of toluene and the required amount of ethylmagnesium
bromide. The reaction mixture was refluxed for one hour and the decomposition and
isolation was carried out as described above. The compound was recrystallized from
alcohol; m.p. 87-88°; yield, 619%,.

Anal. Cale’d for CyH,0,: C, 81.4; H, 7.1,

Found: C, 81.4; H, 7.3.

In the literature (4) this compound was obtained by treating the indanone with ethyl-
magnesium iodide in benzene followed by dehydration with dilute sulfuric acid. It was
purified by chromatographic adsorption on alumina and recrystallized from methanol.
The m.p. is given as 87-88°.

2-(p-Hydrozyphenyl)-3-ethyl-6-hydrozyindene (II). One gram of the dimethyl ether
(XX1) was refluxed for 70 minutes in & mixture containing 3.0 cc. of hydrobromic acid (48%)
and 15 cc. of glacial acetie acid under carbon dioxide. The solution was made alkaline and
the isoluble material removed by extraction with ether. The water layer was separated
and acidified with hydrochloric acid. The precipitate was extracted with ether. The
organic layer was washed several times with water, dried over sodium sulfate, and filtered.
After evaporating the solvent, the oil remaining was taken up in benzene. The benzene
solution was treated with Norit and filtered. After concentrating the solution to approxi-
mately 5 cc., 2-3 drops of alcohol were added and upon cooling a white crystalline material
was filtered off. This was recrystallized once more from the benzene-alcohol mixture. The
substance crystallized in clusters of small colorless, fibrous needles; m.p. 176-177°; yield,
2-3%,.

Anal. The substance contained no methoxyl. Cale’d for C;yH,60,: C, 80.9; H, 6.4.

Found: C, 80.6, 80.4; H, 6.4, 6.5.

This substance has previously been prepared by Solmssen (4) who records the melting
point 136° for ‘‘slightly colored crystals.”” The analyses for the compound as given in his
paper were: C, 79.8,79.5; H, 6.5, 6.5.

The diacetate crystallized from dilute alcohol in small glistening platelets of m.p.
121-122° [lit. m.p. 118-120° (4)].

Anal. Calc’d for CyH,04: C, 75.0; H, 6.0.

Found: C, 75.0; H, 6.1

3-Cyclohexyl-2- (p-anisyl)-6-methoxyindene. This compound was prepared from 2.68 g.
of the ketone (XX) in 25.0 ce. of toluene and the required amount of cyclohexylmagnesium
bromide. After refluxing at 110° for two and one-half hours, the complex was decomposed.
The organic layer was dried and the solvent removed. The straw colored oil was crystal-
lized from alcohol. The long white fibrous needles melted at 137-139°; yield, 55%.

Anal. Calc’d for CpH,0,: C,82.6; H, 7.8.

Found: C, 82.2; H, 7.8.

3-Phenyl-2-(p-anisyl)-6-methoxyindene. This compound was prepared as described
above by addition of the ketone (XX) dissolved in toluene, to the Grignard reagent and
decomposed in the usual manner. The solid, after removal of the solvent, was crystallized
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from alcohol. The long white fibrous needles, which turn pink on standing, melted at
115-117°; yield, 45%,.
Anal. Cale’d for CysH,00,: C, 84.2; H, 6.1.
Found: C, 84.0; H, 6.1.
alpha-(p-Anisyl)-gamma-(m-anisyl) -n-dbutyronitrile (XXXI). Sodium (3.13 g.) was
added in small clean pieces to 100 ce. of liquid ammonia and 0.1 g. of ferric nitrate hexahy-
drate contained in a 500-cc. round-bottom flask. The deep blue color of the solution disap-
peared as soon as all of the sodium had reacted. To the mixture of sodamide was added,
through the dropping-funnel, 20 g. of homoanisonitrile. A deep yellow color developed as
the sodium salt was allowed to form during fifteen minutes. One hundred cubic centimeters
of dry benzene was slowy added and the mixture refluxed on the steam-bath for three hours.
The benzene was dark red in color and contained a suspension of the enolate. A solution
of 29.2 g. of m-anigylethyl bromide in 50.0 cc. of benzene was added dropwise and the mix-
ture refluxed for twenty hours. After washing with dilute hydrochloric acid, water, and
drying over anhydrous sodium sulfate, the solvent was evaporated. The dark brown
viscous oil was distilled and the fraction which boiled at 155-180°/.01 mm. was collected.
The material was redistilled under vacuum and a very viscous lemon-colored oil came over
at 198-203°/1 mm. The analytical sample was taken off at 199°/1 mm. and appeared color-
less. The yield was 55%,.
Anal. Cale’d for CisHNO,: C, 76.9; H, 6.8.
Found: C, 77.2; H, 6.9.
This compound has just recently been prepared by Mentzer and Urbain (23) who report
the b.p. 205-210°/3 mm., but no yield.
alpha-(p-Anisyl)-gamma-(m-anisyl)butyric acid (XXXII). Thirty-one grams of the
nitrile (XXXI) was dissolved in 125.0 cc. of alcohol. A solution of 62.0 g. of sodium hy-
droxide in 62.0 ce. of water was added. Two layers formed immediately and the mixture
was refluxed for twenty-four hours. After dilution, the alcohol was evaporated and the cold
solution acidified with dilute hydrochloric acid. The solid was filtered off and dissolved
in dilute sodium carbonate solution. The latter was filtered from any undissolved ma-
terial. The acid was precipitated and allowed to dry. It was crystallized from Skellysolve
“D”, m.p. 100-101°. Yield, 82%.
Anal. Cale’d for CsH,,04: C, 72.0; H, 6.7.
Found: C, 71.8; H, 6.7.
Dodds et al. (9) first prepared this compound by reducing alpha-(p-anisyl)-beta-(m-
anisoyl)propionic acid vig the Clemmensen procedure. They recorded the m.p. 98-99°.
2-(p-Anisyl)-6-methozytetralone-! (XXXIII). This compound wag prepared from the
acid (XXXII) in accordance with the direction of Dodds et al. (9); m.p. 124-126°. [Lit.
124-126° (9)]; yield, 80%.
2-(p-Hydroxyphenyl)-6-hydrozyteiralone-1 (XXXIV). Demethylation of (XXXIII)
was accomplished by dissolving 3.4 g. of the dimethoxy ketone in 75 ce. of glacial actic acid
containing 75 cc. of concentrated hydrobromic acid (d. 1.49). The solution was refluxed
for six hours, cooled and diuted with water. The granular precipitate was filtered off,
washed with water and recrystallized from an alcohol-water mixture. The material melted
at 266-271° with decomposition after darkening at 230°; yield, 73%.
Anal. Cale’d for C;sHus0;: C, 75.6; H, 5.5.
Found: C, 75.4; H, 5.8.
2-(p-Allyloxyphenyl)-6-allylozytetralone-1 (XXXV). Two and one-half grams of
XXXIV,3.2¢g. of allyl bromide, and 6 g. of anhydrous potassium carbonate were added to
25.0 cc. of dry acetone The mixture was refluxed on the steam-bath for eight hours and
diluted with water. The acetone was boiled off; the residual oil taken up in ethyl acetate
and dried over anhydrous sodium sulfate. After the solvent had been evaporated, the
light yellow oil was dissoved in alcohol and refrigerated overnight. The colorless crystals
melted at 69-70°; yield, 80%,.
Anal. Cale’d for CyeH,004: C, 78.6; H, 6.6.
Found: C, 78.5; H, 6.7.
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1-Ethyl-2-(p-allylozyphenyl)-6 -allylorynaphthalene (XXXVIII). One gram of the dial-
lyloxyketone (XXXV) was dissolved in 10 cc. of dry benzene and added through a dropping-
funnel to a Grignard reagent prepared from 0.072 g. of magnesium and 0.33 g. of ethy! bro-
mide in ether. The solution turned yellow and a precipitate began to form immediately.
The ether was distilled off and the mixture refluxed for three hours. It was decomposed
in the usual way with ice cold 209, sulfuric acid. The benzene layer was separated, washed.
and dried over anhydrous sodium sulfate. After evaporating the solvent, the light brown
oil was taken up in alcohol and cooled The precipitate was filtered and recrystallized
from alcohol The white platelets melted at 130-32°. Yield, 1-29,

Anal. Cale’d for CH2402: C, 83.6; H, 7.0.

Found: C, 83.2; H, 6.9.
1-Ethyl-2-(p-allyloxyphenyl)-6-allyloxy-1,2,8,4-tetrahydronaphthalene XXXVI) or
1-Ethyl-2-(p-allyloxyphenyl)-6-allyloxy-3, 4-dihydronaphthalene (XXXVII). After re-
moval of the naphthalene derivative the alcohol solution was concentrated and refrigerated
overnight. A second crop of crystals was obtained and these were also recrystallized from
alcohol; m.p. 67-78°. Yield, 1-29%,.
Anal. Cale’d for C.(Hq0,: C, 83.2; H, 7.5.
Found: C, 83.0; H, 7.6. )

Attempt to use alpha-chlorohomoanisoniirile in the Reformatsky reaction. A mixture of
3.04 g. of p-methoxypropiophenone, 3.62 g. of alpha-chlorohomoanisonitrile, 1.57 g. of zine,
and 15.0 cc. of dry benzene was refluxed on the steam-bath for one hour. The solution was
separated from unreacted zinc and added to a cold dilute sulfuric acid solution. The ben-
zene layer was separated, washed with water and finally dried over sodium sulfate. The
solution was filtered and the solvent evaporated. The remaining oil was dissolved in alco-
hol and a solid precipitated on cooling. By recrystallization from alcohol a crop of fine
colorless needles was obtained, melting at 230-230.5°.

Anal. Cale’d for CisHyN:O.: C, 74.0; H, 5.5.

Found: C, 74.1; H, 5.7.
The substance therefore appears to be alpha,beta-di-(p-anisyl)succinonitrile (XXIX).

Attempt to alkylate desoxyanisoin with beta-bromodiethyl ether. Sodium (0.9 g.) was
dissolved in 20 ce. of absolute alcohol. Five grams of desoxyanisoin was added followed by
30.0 ce. of dry benzene. The mixture was distilled on the steam-bath until the temperature
read 82°, the original volume being maintained by frequent addition of benzene. Six and
two-tenths grams of beta-bromodiethyl ether was added all at once and the mixture refluxed
until neutral tolitmus. The reaction mixture was washed with water and the benzene layer
separated and dried. After removal of the solvent the oil was taken up in hot aceticacid,
from which glistening platelets precipitated on cooling. Upon recrystallization from this
latter solvent the crystals melted.at 211.5-212°.

Anal. Cale’d for CisH;60.: C, 80.0; H, 6.6.

Found: C, 79.7; H, 6.6.

These constants agree with those in the literature for di-anisal (4,4’-dimethoxystilbene,
XLI) (22).

Ethyl-beta-hydrozy-beta- (p-anisyl)-gamma-ethyl-gamma-(p-anisyl)butyrate (XLIII). A
mixture of 5 g. of alpha-ethyldesoxyanisoin (XLII), 3.5 g. of ethyl bromoacetate, 1.3 g. of
zine, and 25 ce. of benzene was refluxed on the steam-bath for two hours. When most of
the zinc had gone into solution, the reaction mixture was filtered and treated with 209,
iced sulfuric acid until the solid matter which first appeared redissolved. The benzene
layer was separated, washed with water, dried over sodium sulfate, and filtered. After the
solvent had been removed, the oil was taken up in alcohol and cooled. The crystals were
filtered and recrystallized from alcohol. Yield, 45%:; m.p. 82-83°.

Anal. Calc’d for CpHysOs: C, 71.0; H, 7.5.

Found: C, 70.9; H, 7.5.

beta- (p-Anisyl)-gamma-ethyl-gamma-(p-anisyl) -beta-butenoic acid (XLIV). Five-tenths
gram of (XLIII) was added in small portions to 5 cc. of cold concentrated sulfurie acid. A
deep red solution resulted immediately and stirring was continued for fifteen minutes in
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the cold and for an equal length of time at room temperature. The solution was poured into
ice-water, and the gum which separated extracted with ether. The ether solution was
washed, dried, filtered, and the solvent evaporated. The resulting glass was refluxed for
thirty minutes with 209, sodium hydroxide solution followed by filtration and acidification
to Congo red paper. The precipitate was extracted with ether and the organic layer
washed with water. It was dried and the solvent evaporated. The oil soon solidified and
was recrystallized from aleohol yielding colorless crystals of m.p. 145-146°.
Anal. Cale’d for C:0H204: C, 73.6; H, 6.8.
Found: C, 73.2; H, 6.8.

SUMMARY

1. The synthesis of indene and dihydronaphthalene derivatives, structurally
related to stilbestrol, is described.

2. The path followed is that originally blazed by Plentl and Bogert for the
synthesis of the corresponding tricyclic hydrocarbons. The processes used, and
the products obtained, are compared with the recent work of Salzer, and of
Solmssen, in this same field.

3. Experimental proof is supplied as to the structure of the indanones obtained
by eyclization of the beta-(m-anisyl)propionic acids.

4. The 3-ethyl-2-(p-hydroxyphenyl)-6-hydroxyindene has been prepared
analytically pure.

5. Corroborative identification of some of Salzer’s products is reported.

6. The action of zinc upon a benzene solution of p-methoxypropiophenone and
alpha-chlorohomoanisonitrile, results in the formation of di-(p-anisyl)suc-
cinonitrile.

7. Allyl ethers of 1l-ethyl-2-(p-hydroxyphenyl)-6-hydroxy-3,4-dihydro-(or
1,2,3,4-tetrahydro-) naphthalene, are not split by phenyllithium in ether
solution.

8. Desoxyanisoin, subjected to the action of beta-bromodiethyl ether, in the
presence of sodium ethoxide, yields di-anisal.

NEw York 27, N. Y.
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In 1933 Helferich and Schmitz-Hillebrecht (1) introduced a general method
for the synthesis of aryl polyacetylglycosides, consisting of fusing a phenol
and a fully acetylated sugar in the presence of a catalyst. When p-toluene-
sulfonic acid was utilized as catalyst with the simple phenols the formation
of B-glycosides was noted, whereas zinc chloride favored the formation of the
a-anomer. Subsequent investigators (2, 3) inaugurated improvements which
led to better yields. An azo phenol such as p-hydroxyazobenzene has not
been included among the phenols previously studied.

We wish to report (a) the application of this method of synthesis to the prep-
aration of glycosides containing a chromophoric group in the aglycon; (b)
the utilization of catalysts other than those previously reported; and (c) ex-
tension of the fusion procedure to the direct synthesis of an aryl thioglycoside.

B-p-Glucose pentaacetate underwent reaction with p-hydroxyazobenzene
in the presence of p-toluenesulfonic acid to form crystalline p-phenylazophenyl
tetraacetyl-8-p-glucoside (I) in good yields.

CsHsN=NCH,0 H
C

H(IEOAc

AcOéH o

H(I)OAc

HO

|
CH.0Ac

I

Assigning this compound to the S-series follows the results of earlier workers.
p-(3-Nitrophenylazo)phenol also gave rise to a similarly constituted crystalline
B-p-glucoside. Fructose or galactose pentaacetates with these two azo phenols,
and also glucose pentapropionate, yielded only dark red syrups. From an
analogous experiment with glucose pentaacetate and 4-phenylazo-1-naphthol
the starting materials were recovered.

Pacsu (4) has shown that stannous chloride or titanium tetrachloride was
capable of isomerizing methyl polyacetyl-g-glycosides into the a-form; and re-
cently Montgomery, Richtmyer, and Hudson (3) have observed that the cor-

1 Corn Products Refining Company Research Fellow, 1041-1944.
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responding aryl polyacetyl-g-glycosides could be anomerized similarly under
conditions of the Helferich and Schmitz-Hillebrecht synthesis. These in-
vestigators presented directions for the preparation of the mixture of phenyl
tetraacetyl-a- and -B-p-glucosides from «-D-glucose pentaacetate, phenol,
and zinc chloride in yields of 64 and 269, respectively. They reported also
that in several related experiments ‘‘the yields estimated from the rotation
of the ethylene dichloride solution were approximated by the total yields of
the two isomers”.

In the present work three other catalysts were studied, namely, aluminum
chloride, ferric chloride, and boron trifluoride. Since the rotational method
of analysis for anomers gave fair accuracy (3) in the reaction with the zine chlo-
ride catalyst it was employed in the present work with these three catalysts:
aluminum chloride, ferric chloride, and boron trifluoride. All three were
found to catalyze the reaction between B-p-glucose pentaacetate and phenol.
Ferric chloride yielded a mixture in which the a-glucoside predominated, whereas
the other two catalysts appeared to yield approximately equal amounts of a-

TABLE I
THE ISOMERIZATION OF PHENYL TETRAACETYL-D-GLUCOSIDES
D-GLUCOSIDE CATALYST YIELD, % %-Alpha %-Beia
8 ZnCl, 60 72 28
B BF, 1 13 87
B FeCl, 50 72 28
« AlCl, 92 84 16
43 p-CH.CqH4SOSH 95 67 33

and B-glucosides. Aluminum chloride gave the best yield of total product.
Directions are given for its use with p-glucose and p-galactose pentaacetates
and with D-glucose pentapropionate to obtain the aryl tetraacyl-8-p-glycosides.

These catalysts also have been shown to be effective in isomerizing pure
samples of phenyl tetraacetyl-a- or -8-D-glucoside into mixtures of anomeric
forms. Table I shows the ability of these catalysts to isomerize the acetates
of optically pure phenyl a- or B-p-glucosides into anomeric mixtures under
analogous conditions. The composition of the final mixture was determined
in each case by its specific rotation. The «,8-percentages listed in Table I
probably do not represent true equilibrium values, but are valid only for the
reaction times stated in the Experimental Section.

Lastly, we have found that when gB-p-glucose pentaacetate, thiophenol,
and p-toluenesulfonic acid are fused together, phenyl tetraacetyl-g-p-thioglu-
coside is formed. This is the first extension of the Helferich and Schmitz-
Hillebrecht reaction to the preparation of sulfur analogs of the glycosides.
Previous syntheses (5) of thioglycosides have been by way of polyacetylglycosyl
bromide and the potassium salt of thiophenol.
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EXPERIMENTAL PART

p-Phenylazophenyl tetraacetyl-8-p-glucoside. B-p-Glucose pentaacetate (10 g.), crude
p-hydroxyazobenzene (20 g.) (m.p. 147-154.5°), and about 0.1 g. of p-toluenesulfonic acid
were mixed and melted at 145°. The melt was cooled at 130° and held at a pressure of 25
mm. for one-half hour. The melt was then taken up in ethylene chloride, and the red solu-
tion was washed with water, 10% sodium hydroxide solution (until no appreciable amount
of color went into the aqueous layer), again with water, then dried over sodium sulfate.
Removal of the solvent in vacuo left 8.8 g. of a dark, red syrup. This was taken up in
ethanol from which 4.2 g., m.p. 168-171°, erystallized on cooling. A second crop of crystals
weighing 2.2 g. melted at 105-112°. Another recrystallization of the first crop of crystals
from ethanol yielded orange needles, which melted at 172.5-173°, corr.

Anal. (by T.8.Ma) Cale’d for CsHuN:010: N, 5.30. Found: N, 5.40.

p-(3-Nitrophenylazo) phenyl tetraacetyl- 8-p-glucoside. B-p-Glucose pentaacetate (10 g.),
p-(3-nitrophenylazo)phenol (24.3 g.), and 0.1 g. of p-toluenesulfonic acid were melted and
kept at 150° for forty minutes at 25 mm. An attempt was made to extract the product in
the usual manner with ethylene chloride and to wash away the free phenol with excess so-
dium hydroxide solution. Addition of the alkali, however, caused the separation of a
thick, red solid, which was filtered off and investigated later. The filtrate separated into
two layers, and the ethylene chloride layer was treated as usual. Removal of the solvent
gave 7.07 g. of a red solid which was recrystallized from a mixture of ethanol and ethyl
acetate. The 4.1 g. of fine, orange needles obtained melted at 202.5-203°, corr.

Anal. (by T. 8. Ma) Calc’d for CoeHgN;Or2: C, 54.4; H, 4.72.

Found: C, 54.22; H, 4.81.

High-melting modification of p-(3-nitrophenylazo)phenol. Several tests were made on
the red solid mentioned above. It was slightly soluble in water, and acidification of the
water solution gave an intense yellow precipitate (X) which melted at 162-162.5°. The
original starting phenol melted at 146-147°. The isolated material (162°) proved to be the
high-melting form of p-(3-nitrophenylazo)phenol, reported by Meldola and Hanes (6) to
melt at 159°.

That this substance melts higher than 159° was established as follows. The phenol,
prepared by coupling diazotized 3-nitroaniline and phenol, melted at 147-148°. After
recrystallization from either toluene or dilute ethanol, with filtration through Celite while
hot, it melted at 161.5-162.5°, corr. The melting point of & mixture of this substance with
(X) was also at 161.5-162°,

Phenyl tetraacetyl- 8-p-glucoside using aluminum chloride. B-p-Glucose pentaacetate
(20 g.), phenol (18 g.), and anhydrous aluminum chloride (5 g.) were ground together and
heated at 100° and diminished pressure for fifty minutes. It was necessary to control the
pressure carefully, as the reaction frothed badly. The red mixture was taken up in ethylene
chloride and washed with water. The voluminous precipitate of aluminum hydroxide
which formed was dissolved in two subsequent washes with 109 sodium hydroxide solution.
After several washes with water the solution was dried and the solvent removed. The
crude, solid glucoside was obtained in almost quantitative yield. After recrystallization
from 2-propanol approximately half of the material separated with the m.p. 123-124°;
mixed m.p. with phenyl tetraacetyl- 8-p-glucoside (m.p. 127°), 124.5-125.5°. After another
recrystallization the melting point was 127-127.5°; [a)d —21.5° (c, 1.444; CHCl;). No at-
tempt was made to isolate the «-anomer from the mother liquors.

1-Naphthyl tetraacetyl- B-p-glucoside using aluminum chloride. B-p-Glucose penta-
acetate (10 g.), 1-naphthol (14 g.), and aluminum chloride (3 g.) were fused for thirty-five
minutes at 135°. No vacuum was used, as frothing was excessive. The black reaction
mixture was treated in the usual manner to yield 2.9 g. (23%) of crude syrup which crystal-
lized spontaneously. This was recrystallized from 2-propanol to give 1.0 g. of pink needles,
m.p. 175.5-176.5°; mixed m.p. with 1-naphthyl tetraacetyl-8-p-glucoside (m.p. 178-178.5°),
177-178°. 1Its specific rotation was —71.4° (¢, 1.535; CHCl,).
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Phenyl teiraacetyl- 8-p-galactoside wusing aluminum chloride. B-p-Galactose penta-
acetate (10 g.), phenol (9 g.), and aluminum chloride (2.5 g.)were fused for forty-five min-
utes on the steam-bath at atmospheric pressure, then processed as usual to give 9.64 g.
(88%) of crude galactoside which was recrystallized twice from 2-propanol; m.p. 124-125°;
la]3 2.0° (¢, 1.750; CHCly); yield, 3.5 g. The literature (1) gives m.p. 123-124°, [a]5 —0.7°
for this compound.

Phenyl tetraproptonyl- 8-p-glucoside. p-Glucose pentapropionate (83 g.), phenol (70
g.), and p-toluenesulfonic acid (1 g.) were fused at 100° for an hour, then extracted as before
in ethylene chloride. Removal of the solvent from the final solution gave 78.7 g. of a clear
syrup which failed to crystallize. The syrup was therefore distilled in a high vacuum (7).
Most of the distillate was collected at 10~* mm. with a bath temperature of 200~205°. To
clarify the distillate which was somewhat dark, it was dissolved in ether and filtered through
Norit. Removal of the ether and solution in ethanol (50 ml.) led to sparse crystallization,
and further erystallization was induced by slow concentration in a gentle air stream.
Thirteen grams of crystals, m.p. 70~72°, was obtained. A duplicate experiment led to 67 g.
of crude syrup which could be crystallized directly from 2-propanol with the aid of seeds
from the first experiment. After two recrystallizations from 2-propanol the combined
products from above consisted of giant, tetragonal crystals, m.p. 72.0-72.5°; [a]} —16.4°
(c, 1.585; CHCl;). An attempt was made to analyze this compound for propionyl by the

TABLE II
DATA FOR THE ISOMERIZATION OF PHENYL TETRAACETYL-D-GLUCOSIDES

D-GLUCOSIDE mgOL, CATALYST ?g‘: :u%m nggg | [ ]z c.?fD%cﬁL.

anomer | g name g. ’ G- CHCl
8 0.5 0.5 ZnCl, 0.1513.00 ) 120 | 0.3 114.3 | 0.481
B8 2.0 2.0 BF; 0.6 |0.50 100 | 0.02 2.112.395
B8 2.0 2.0 FeCl; 0.4 1.00! 100 | 1.0 114.3 | 1.791
a 0.5 0.5 AlIClL 0.15|1.00| 100 | 0.46 | 136.8 | 3.750
@ 0.2 0.2 p-CH;CH,SO;H trace} 1.00 | 100 | 0.19 | 103.9 | 1.710

method of Kunz and Hudson (8), but at 0° solution of the product in a mixture of acetone
and 0.1 N sodium hydroxide could not be maintained. Consequently an attempt was
made to run the analysis at room temperature instead of 0°. The solubility difficulty was
thereby eliminated, and the following results were obtained. It should be pointed out
that this room temperature modification of the Kunz and Hudson method of analysis is
restricted to sugar derivatives, such as glycosides which resist hydrolysis to glycose under
the conditions of the experiment.

Anal. 0.1544 g. required 13.02 ml. of 0.0984 N NaOH. Cale’d for C12H .06 (COC:H;),:
Propionyl, 47.4. Found: Propionyl, 47.5.

Anal. (by Mrs. M. M. Ledyard). Cale’d for CoH;:044: C, 60.0; H, 6.71.

Found: C, 60.4; H, 7.05.

Use of aluminum chloride. p-Glucose pentapropionate (23.4 g.), phenol (18 g.), and
aluminum chloride (5 g.) were heated in a Claisen flask for forty-five minutes on the steam-
bath at a pressure just high enough to prevent the mixture from frothing over. From the
mixture was obtained 21.8 g. of a colorless syrup after the usual steps of separation. This
was taken up in 2-propanol and seeded. After several days there resulted 7 g. of coarse,
white crystals, m.p. and mixed m.p. with the compound prepared above, 72.0~72.5°; [a]®
—14.7° (¢, 3.410; CHCL,;).

Attempts to make the a-anomer using zine chloride gave only non-crystallizable syrups.

Phenyl tetraacetyl-8-p-thioglucoside. B-p-Glucose pentaacetate (3.92 g.), thiophenol
(5.5 g.), and 0.05-0.1 g. of p-toluenesulfonic acid were fused at 100° for one hour. The melt
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was cooled, dissolved in ether, washed with 109, alkali, water, and dried. Removal of the
solvent yielded 3.4 g. (68%) of crude syrup. Solution in 2-propanol and scratching yielded
a seed which was removed. The solution was reheated and filtered through Norit. The
filtrate was concentrated and seeded, giving 0.7 g. (14%) of crystalline material, m.p.
115.5°, [l —15.1° (¢, 2.515; CHCL;). The literature (5) records m.p. 117°, [a]% —17.5°
for this thioglucoside. Attempts to make the a-anomer by the use of zine chloride led only
to small quantities of the g-compound described above.

The isomerization of phenyl tetraacetylglucosides with various catalysts. The general
method used here was to heat the pure glucoside with phenol in the presence of the catalyst
for the specified time. The melt was then taken up in ethylene chloride, washed with
water, 109, sodium hydroxide solution, and again several times with water, and then dried
over sodium sulfate. After decolorization by filtration through Norit the solvent was
removed under diminished pressure and the specific rotation of the syrupy residue was de-
termined. Table II gives a summary of the data.

Rotational analysis. In order to test the accuracy of specific rotation as a method of
analyzing binary carbohydrate mixtures, several synthetic mixtures of known composition
were made and their specific rotations taken. A graph was then made of specific rotation
vs. percentage-composition by drawing a straight line between the specific rotations of the
two pure components. The composition of the synthetic mixtures was then read from the
graph, and the result compared with the known composition. A mixture of phenyl tetra-
acetyl-a-p-glucoside (27% by weight) and phenyl tetraacetyl-g-p-glucoside (739%) had the
specific rotation 30.0° (¢,1.500; CHCl;). From the graph the composition was read as 27.5%
and 72.5% respectively, for the two components. A mixture of a-glucose pentaacetate
(77.6%) and B-glucose pentaacetate (22.4%) had the rotation 78.9° (¢, 1.965; CHCl;). From
the graph the composition was 77.5% and 22.5%, respectively.

SUMMARY

Several arylazophenyl polyacylglycosides have been synthesized by fusing
an azo phenol with acylated sugars in the presence of a catalyst. Both crystalline
products and syrups were obtained.

Toluenesulfonic acid and zine chloride have been shown to be capable of
isomerizing pure aryl polyacylglycosides into a mixture of the « and 8 forms.
Boron trifluoride, aluminum chloride, and ferric chloride are capable also both
of catalyzing the formation and isomerization of aryl polyacylglycosides.

Phenyl tetraacetyl-g8-p-thioglucoside has been prepared by the ecatalytic
fusion method.

Evansron, ILL,
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The phenyl halides react readily with strong bases such as the alkali amides
in liquid ammonia and the alkali dialkylamides in ether (2) but fail to react
within a period of a day or so with less basic compounds of the type of potassium
anilide, potassium diphenylamide, and potassium quinaldyl. Reaction never-
theless does oceur if potassium amide is added to a solution of any of the salts
enumerated above, provided that a phenyl halide is also present. Wright and
Bergstrom (3) thus prepared 2-benzylquinoline, 2-benzohydrylquinoline, and
2-triphenylmethylquinoline in accordance with the equations below.

CH.NCH; —N, o H,NCH,K ‘I’{ﬁl‘;l CoHNCH,CsHy  (I)
2
Quinaldine
KNH: | o HNCHKC,H; %C—‘—» CoH,NCH(CoHs)y —NH:
2
CoH:NCK(CeHs): ‘i{};g‘ CoHeNC(CoHe)s

The benzohydrylquinoline and triphenylmethylquinoline had the correct com-
position, but their structure was not definitely proved. It was for the purpose
of orienting these compounds and of utilizing them in the preparation of free
groups containing a quinoline nucleus that the present investigation was under-
taken. Incidental to this a number of other catalytic phenylations have been
studied.

The reactions of Wright and Bergstrom, shown in equation (I), have been
confirmed. The 2-benzohydrylquinoline was oxidized to 2-quinolyldiphenyl-
carbinol, CoHNC(OH)(CsHjs),, which was found to be identical with the com-
pound prepared by the action of an excess of phenylmagnesium bromide on
ethyl quinaldate, thus proving its structure. Attempts to prepare 2-benzohy-
drylquinoline by reducing the carbinol, or by a Friedlinder or Pfitzinger syn-
thesis from 1, 1-diphenylacetone, failed, as did also an attempt to make diphenyl-
2-quinolylbromomethane from tribromoquinaldine, benzene, and aluminum
chloride. It has not yet proved possible to synthesize 2-triphenylmethyl-
quinoline. An interesting reduction of w,w,w-tribromoquinaldine to w,w-dibro-
moquinaldine was effected by heating the former with concentrated sulfurie acid
and a small amount of alcohol; presumably the reaction follows the equation,

CgHsNCBl‘a + CszOH = CHaCHO + HBI‘ + CgHoNCHBI‘z (II)

4-Methylquinoline (lepidine) forms alkali metal salts in liquid ammonia (4)
which can be alkylated to give homologous 4-substituted quinolines. The
55
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potassium salt of lepidine can be catalytically phenylated with chlorobenzene
and potassium amide to give 4-benzylquinoline and 4-benzohydrylquinoline;
4-triphenylmethylquinoline has not been isolated in any of our experiments.
The 4-benzohydrylquinoline is readily oxidized to the 4-quinolyldiphenylcarbinol
of Remfrey and Decker (5). Since 2,4-dimethylquinoline has two reactive
methyl groups, its potassium salt is doubtless a mixture, and a catalytic phenyla-
tion gave several products, none of which could be isolated in a state of purity.
2-n-Propylquinoline eould not be phenylated in accordance with the present
method, even though it had previously been alkylated in ether (but not in liquid
ammonia) (6). 9-Methylphenanthridine forms a potassium salt which is not
very soluble in ammonia at —33°; it is apparently this factor that prevents its
catalytic phenylation.

On the other hand, 2-methylpyridine is readily phenylated to give a mixture
of 2-benzylpyridine, 2-benzohydrylpyridine, and 2-triphenylmethylpyridine in
fairly good over-all yield, but 2,4-dimethylpyridine is converted largely to tars
under the same conditions.

o-Tolunitrile may be regarded as a vinylene homolog of acetonitrile, and there-
fore might be expected to have an active hydrogen atom in the methyl group.
This was found to be true, since the potassium salt of o-tolunitrile was phenylated
to give o-benzylbenzonitrile and o-benzohydrylbenzonitrile (o-cyanotriphenyl-
methane).

EXPERIMENTAL

The experimental method has been partly deseribed in previous articles (7). Briefly,
the apparatus consists of a 500-ml. 3-necked flask and a 1000-ml. 3-necked flask, so arranged
that the contents of the former could be siphoned into the latter, which was fitted with a
good mechanieal stirrer. Potassium amide (from 6 g. or 0.15 atom of metallic potassium,
with an iron oxide catalyst) was prepared in about 500 ml. of liquid ammonia in the larger
flask, and to this was added an equivalent of quinaldine, lepidine or other compound whose
potassium salt it was desired to form. Chlorobenzene (26-28 g., about 0.25 mole) was then
introduced, and potassium amide solution (from 6 g. potassium, 0.15 atom) was forced over
from the smaller flagk with good stirring. Ammonium chloride equivalent to the potassium
used (about 16 g.) was added at the end of about an hour to stop the reaction, and the
ammonia was allowed to evaporate. Water was introduced to dissolve inorganic salts, and
then benzene (100~-150 ml.) to dissolve organic material. The treatment of the benzene
solution depended upon the nature of the products that were formed; bases were generally
removed by shaking with strong hydrochloric acid, and both the acid and the benzene solu-
tions were worked up, as deseribed later.

Phenylation of quinaldine. The catalytic phenylation of quinaldine gives 2-benzylquino-
line, 2-benzohydrylquinoline, and 2-triphenylmethylquinoline in agreement with the work
of Wright and Bergstrom (3). The relative amount of the triphenylmethylquinoline
appeared to be increased by alternate addition of the chlorobenzene and the potassium
amide to the solution of the potassium quinaldyl.

2-Benzohydrylquinoline (0.5 g.) was dissolved in 5 ml. of glacial acetic acid and the
solution gently heated. Chromic anhydride was slowly added in small quantities until the
brown color of the anhydride no longer changed to the green of the chromic ion. Half of
the solvent was evaporated under suction and the solution cooled inice. The needles that
separated were erystallized from a 50-50 mixture of benzene and acetone; m.p. 188.5-189.5°
corr.
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Anal. Cale’'d for CooH,sNO: C, 84.88; H, 5.50; N, 4.50.
Found: C, 84.90; H, 5.93; N, 4.47.

Melting points of mixtures with the 2-quinolyldiphenylearbinol prepared by the action
of phenylmagnesium bromide on ethyl quinaldate were the same.

Ethyl quinaldate was prepared by refluxing for six hours a solution of quinaldic acid
(80 g.,0.46 mole) in absolute ethanol (400 ml.) to which 50 cc. of conc’d sulfuric acid had been
slowly added. The alcohol was distilled until a fairly viscous solution remained; this was
poured into water and neutralized with ammonia. The heavy oil that separated was
washed with water, dried, and distilled in vacuo; b.p. 180°/14 mm.; yield, 47 g., or 51%.
Kindler (8) previously prepared this ester by the hydrochloric acid method, and gives the
boiling point 186-188°/13 mm. (prob. corr.).

Phenylmagnesium bromide (0.50 mole) was prepared in 500 ml. of absolute ether in a
2-liter 3-necked flask fitted with reflux condenser, mercury sealed stirrer, and a dropping-
funnel. Ethyl quinaldate (0.23 mole, 46.2 g.), dissolved in 200 ml. of absolute ether, was
added over a period of an hour with stirring. At the end of this time the mixture was cau-
tiously treated with dil. sulfuric acid (20 m!. in 300 ml. water). The white crystals that
separated were filtered and washed with water, dried, and crystallized from a 50-50 acetone-
benzene mixture. The melting point was 188.5-189.5°, and the yield was 47.3 g. (66%).
The hydrochloride, prepared by passing dry hydrochloric acid gas through a solution of the
carbinol in warmed benzene, melted, after erystallization from this solvent, at 178-179°,
dec. It was sparingly soluble in hot benzene, and could not be crystallized from alcohol
without hydrolysis to the carbinol.

Anal. Cale’d for CHy1sNO-HCI:C, 75.96; H, 5.22; CI, 10.19.

Found: C,76.04; H, 5.10; Cl, 9.71.

Phenylation of lepidine. The standard procedure was followed, except that in some of
the experiments the amount of potassium amide added from the small flask was increased
t0 0.20-0.24 mole. The benzene solution of the reaction product was shaken for some time
with 8 N hydrochloric acid in a thick-walled stoppered Erlenmeyer flask. The benzene and
the aqueous acid solution were decanted from the tarry crystals of 4-benzohydrylquinoline
hydrochloride, and the latter washed with 8 N hydrochloric acid. The benzene layer was
separated and discarded (only tarry materials were obtained from it), the aqueous solution
filtered to remove some benzohydryl quinoline hydrochloride, and then made basic with
sodium hydroxide. The resulting oil was extracted with benzene, and the latter distilled;
4-benzylquinoline came over at 220~225° (uncor.) at 19. mm., or 180-190° at about 2 mm.
The combined precipitates of benzohydrylquinoline hydrochloride were washed with a little
acetone to remove tar, and either crystallized from water or dilute alcohol containing a
little hydrochloric acid, or else converted to the free base by boiling with dilute sodium
hydroxide solution. The benzohydrylquinoline was crystallized from 759, ethanol with
the use of decolorizing carbon if necessary.

Alternately, the benzene extract of the reaction mixture was directly distilled, finally
in vacuo to obtain 4-benzylquinoline (flask heated in an oil-bath). The tarry residue that
did not distil was removed from the flask with warm acetone, and the latter almost entirely
removed by distillation. Several volumes of ligroin were stirred in, giving crystals of
benzohydrylquinoline, which were recrystallized from 75% alcohol with the use of Norit.

The yields were variable. In two experiments, the yield of 4-benzylquinoline was
37%, and that of 4-benzohydrylquinoline about 3%; in another experiment, 20.6%
of crude benzohydrylquinoline hydrochloride was obtained, with only a small amount of
4-benzylquinoline.

4-Benzohydrylquinoline hydrochloride melts with decomposition at some temperature
between 260° and 200° (rate of heating is important). For analysis it was crystallized
several times from alcohol and dried at 100°.

Anal. Cale’d for CooH1N-HCIl: C, 79.62; H, 5.47; N, 4.22.

Found: C, 79.68, 79.61; H, 5.43, 5.51; N, 4.43, 4.39.
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4-Benzohydrylquinoline melts at 146-147°, uncor.; for analysis it was crystallized several
times from 809, alcohol.

Anal. Cale’d for CpH yN: C, 89.45; H, 5.80; N, 4.74.

Found: C, 89.33, 89.24; H, 5.90, 5.82; N, 4.85, 4.89.

The 4-benzylquinoline was identified by conversion to the picrate, m.p. 177-178° {litera-
ture (9), 178°]. 4-Benzohydrylquinoline was oxidized by chromic anhydride to the known
(8) 4-quinolyldiphenylearbinol, m.p. 247° (literature, 247.5°), following the directions for
the preparation of 2-quinolyldiphenylearbinol.

Phenylation of 2,4-dimethylquinoline. The phenylation of the potassium salt of 2,4-
dimethylquinoline gave a complex mixture from which it was difficult to separate chemical
individuals. One crystalline fraction (soluble in acetone but not in ether) melted at 163-
165°; another fraction, m.p. 200-222°, was insoluble in both acetone and ether. One of the
distilled fractions gave a picrate of the composition of a picrate of a methyl benzylquinoline.

Phenylation of 2-picoline. 2-Picoline (0.1 mole) was phenylated according to the
standard procedure. The insoluble erystalline material from the benzene-water hydroly-
sate was filtered, the benzene layer evaporated, and finally heated under slightly reduced
pressure to remove all solvent, 2-picoline, and chlorobenzene. A second crop of crystals
separated from the cooled liquid. The total yield of material, crystallized from benzene
and melting at 241° uncor., was 5.8 g., including the 2 g. recovered below (18%). This is
undoubtedly the unknown triphenyl-2-pyridylmethane.

Anal. Cale’d for C, H1yN: C, 89.68; H, 5.96; N, 4.36.

Found: C, 89.46; H, 5.96; N, 4.50.

The liquid separated from the second crop was extracted with 8 N hydrochloric acid, the
latter made basic with sodium hydroxide, and in turn extracted with benzene. These
extracts were distilled, finally at 12 mm., to obtain three fractions: 133-137° (5 cc.); 186-189°
(5 cc.) and 210-215° (2 g.). The last fraction was crystallized from alcohol and proved to be
triphenylpyridylmethane. The first two fractions were redistilled at 1 mm. to obtain 4.1
g. of an oil boiling at 93-94° (24%,; 2-benzylpyridine) and 4.3 g. boiling at 163-164° (18%;
2-benzohydrylpyridine). The latter cerystallized on standing and then melted at 62-63°,
in agreement with the value given by Chichibabin and Benevolenskaya (10).

Anal. Cale’d for CisHisN: C, 88.13; H, 616, N, 5.71.

Found: C, 88.12; H, 6.30; N, 6.25.

The oil boiling at 93-94°/1 mm. gave a picrate melting at 139°; 2-benzylpyridine picrate
melts at 140° (11).

Phenylation of o-tolunitrile. The benzene solution of the reaction product was shaken
with 8 N hydrochloric acid in a separatory funnel to remove aniline and other bases, and
distilled, first at 760 mm. to remove solvent, and then at 2 mm. o-Benzylbenzonitrile came
over at 158-160°, and was converted to o-benzylbenzoic acid m.p. 117° [literature, 117° (12)],
by heating for 18 hrs. with methyl aleoholic sodium hydroxide, and acidifying with dil.
sulfuric acid. o-Benzohydrylbenzonitrile came over as an oil at 200-210°; crystallizations
from alcohol gave crystals melting at 88°. Drory (13) reports the melting point 89°.

Anal. Cale’d for C,HsN: C, 89.18; H, 5.61.

Found: C,89.48; H,5.87.

The yield of benzylbenzonitrile was 8.2 g. from 0.13 mole of o-tolunitrile (32%), and of
o-benzohydrylbenzonitrile 3.1 g., or 8.8%.

w,w-Dibromoguinaldine. Tribromoquinaldine (18.9 g., 0.05 mole), ethyl aleohol (20 cc.
of 959, and conc’d sulfuric acid (5 cc.) were heated in a 100-cc. flask with take off of distil-
late. When the temperature (thermometer in the liquid) reached 102-105°, a brisk evolu-
tion of gas (mostly HBr) was observed, and the solid phase slowly dissolved. When the
gas evolution had ceased, heating was continued for a few minutes to drive off dissolved
hydrobromiec acid, but was discontinued at the first sign of darkening of the liquid. After
cooling, the product was poured into 500 cc. of cold water, and the flask rinsed out with the
same solvent. The mixture was stirred for some time, and then filtered to remove dibro-
moquinaldine, which was erystallized from ethanol; yield, 14.7 g., or 98%; m.p. 119-120°.
Hammick (14) reports the melting point as 120°.
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Angl. Cale’d for C;H.NCHBr;: Br, 53.0. Found: Br, 52.9.

Methyl alcohol, n-propyl alcohol, and isopropyl alcohol did not replace the ethanol in
this preparation. Only with the two latter (and at about 130°) was dibromoquinaldine
obtained, but there was much charring. Some acetal was also formed in the reaction with
ethanol.

SUMMARY

1. 2-Picoline, quinaldine, lepidine, and o-tolunitrile are phenylated by adding
potassium amide to a solution of their potassium salts and chlorobenzene in
liquid ammonia. The following compounds were prepared in this manner: 2-
Benzylpyridine, 2-benzohydrylpyridine, 2-triphenylmethylpyridine, 2-benzyl-
quinoline, 2-benzohydrylquinoline, 2-triphenylmethylquinoline, 4-benzylquino-
line, 4-benzohydrylquinoline, o-benzylbenzonitrile, o-benzohydrylbenzonitrile.

2. The structure of the 2-benzohydrylquinoline prepared by Wright and
Bergstrom was confirmed by oxidizing it to diphenyl-2-quinolylearbinol, which
was also synthesized by the action of phenylmagnesium bromide on ethyl
quinaldate.

3. 2-n-Propylquinoline, 2,4-dimethylquinoline, 2,4-dimethylpyridine, and
9-methylphenanthridine were not successfully phenylated by this method.

Stanrorp UnivErsiTy, CALIF.
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In earlier studies embracing benzoylmesitylene (1), benzoylisodurene (1),
benzoyldurene (2), the mesitoylnaphthalenes (3), and similar diaryl ketones,
it has been demonstrated that addition of Grignard reagents occurs in spite of
the excessive crowding about the carbonyl group. The addition may be 1,2,
1,4, or 1,6, depending on the nature of the ketone and of the Grignard reagent
which is used. Recently Young and Roberts (4) made the surprising discovery
that 1,2 addition occurs when benzyl and s-butenyl Grignard reagents are
condensed with acetomesitylene. These and methylmagnesium iodide are the
only Grignard reagents which have been found to combine with mesityl ketones
in this manner. In most cases addition takes place in the 1,4 manner. There
is evidence, however, that even 1,4 addition is limited to reagents having small
alkyl or aryl groups. In fact, in two instances 1,6 addition has been observed;
benzyl- and {-butylmagnesium chloride react in this manner with benzoyl-
durene (2).

Thus it appears that in the condensation of Grignard reagents with highly
hindered diaryl ketones 1,2, 1,4, and 1,6 addition may be competing reactions.
It remained, however, to discover an example in which all three types of addition
occurred simultaneously. The present paper deals with such a case—the con-
densation of methylmagnesium iodide with benzoyldurene (I).
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When benzoyldurene was heated at 130° for six hours with three molar equiva-
lents of methylmagnesium iodide in n-butyl ether solution, the product con-
sisted of a mixture from which several pure compounds could be isolated. One
of these was 1-duryl-1-phenylethylene (II), the olefin which would be formed
by dehydration of the carbinol produced by 1,2 addition. This result is similar
to those obtained with benzoylmesitylene, benzoylisodurene, and p-toluyl-
mesitylene (1).

1 Rohm and Haas Research Assistant, 1942-1943.
: 60
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The 1-duryl-1-phenylethylene (IT) was converted by the action of ozone to a
mixture of benzoyldurene and durylphenylacetic acid. The formation of the
ketone is noteworthy inasmuch as similar hydrocarbons yielded, not the expected
ketones, but the corresponding vinyl alcohols (5). The production of substituted
acetic acids from olefins having terminal methylene groups has been observed
repeatedly in chromic acid oxidations (6). Several examples of this type of
change have been observed with ozone (5, 7). The identity of the 1-duryl-1-
phenylethylene was confirmed by an independent synthesis; it was formed in
low yield by the condensation of durylmagnesium bromide with acetophenone.

In the condensation of benzoyldurene with methylmagnesium iodide, p-toluyl-
durene (IV) was isolated also, though in small amount, showing that 1,6 addi-
tion had oceurred. The chief product, however, was that formed by 1,4 addi-
tion. It was possible, by suitable procedures, to isolate the 1,4 addition product
either in the form of the peroxide (V) of the enol or in the ketonized form,
dihydro-o-toluyldurene. Two isomeric dihydro ketones were isolated from the
reaction mixture; for convenience they have been designated as A (m.p. 123—
124°) and B (m.p. 103-103.5°). The two isomers were never produced together.
From the data at hand it is not clear what relationship exists between the method
of conducting the condensation and the nature of the dihydro ketone formed.
Possibly the acidity of the medium in which the enol is ketonized is the deciding
" factor. A third dihydro-o-toluyldurene (isomer C) was formed when isomer B
was treated with platinum in an atmosphere of nitrogen.

The three isomeric dihydro-o-toluyldurenes gave positive tests for unsatura-
tion and failed to evolve gas when tested for active hydrogen in the Kohler-
Richtmyer apparatus (8). Each isomer underwent dehydrogenation when
heated with palladium on charcoal, to yield o-toluyldurene (III). Dehy-
drogenation occurred spontaneously with isomers A and B but not with isomer C.

It is possible to write formulas for six dihydro-o-toluyldurenes which possess
no alphe hydrogen atom. By use of the one known dihydro-o-toluic acid it
has been possible to synthesize the ketone corresponding to formula VI, 2,3-
Dihydro-o-toluic acid (9) was converted to the acid chloride and the latter con-
densed with durene by the Friedel-Crafts method. The product, obtained in
709, yield, melted at 123° and was identical with isomer A.

Whatever the exact structures of the other two isomers (B and C) may be,
it is certain that they, like isomer A, have the skeletal arrangement of o-toluyl-
durene and that their formation likewise depends on initial 1,4 addition.

2,3,5,6-Tetramethylbenzohydryl ether (VII) was also isolated. It was
probably formed from the durylphenylearbinol produced by the reduction of
benzoyldurene.

From the foregoing facts it is clear that the mode of addition of methylmag-
nesium iodide to benzoyldurene is chiefly 1,4 and that 1,2 and 1,6 addition
also oceur, though to a less extent.

EXPERIMENTAL

Condensation of methylmagnesium todide with benzoyldurene. Ezperiment 1. To the
Grignard reagent, prepared in ethyl ether from 34 g. of magnesium and 198 g. of methyl
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iodide, was added 100 g. of solid benzoyldurene and 500 ml. of n-butyl ether. The flask
was placed in an oil-bath and the temperature was gradusally raised so that the ethyl ether
was slowly distilled. Butyl ether was added from time to time to maintain the original
volume. When the removal of the ethyl ether was almost complete, nitrogen was passed
in and the temperature was raised to 130°. The reaction mixture was maintained at this
temperature for six hours, with constant stirring. The reaction mixture was cooled to 0°
and decomposed with ice and sulfuric acid. The organic layer wag separated, washed twice
with ice-water, and then shaken with 300 ml. of 2 N hydrochloric acid for eighteen hours to
ketonize the enol. The organic layer was separated, extracted with 5%, sodium carbonate,
and washed with water. The solution was dried over magnesium sulfate and the butyl
ether was distilled at the water-pump. The residual yellow oil was distilled at reduced
pressure to separate the addition products from the polymeric material which was present.
The residue in the flask weighed 25 g. Careful refractionation of the distillate yielded four
fractions. The first consisted of 10 mg. of a solid with a phenolic odor which sublimed
before the distillation started.

The second fraction, collected at 130-140° (2 mm.), weighed 22 g. Three distillations of
this fraction yielded 15 g. of 1-duryl-1-phenylethylene as a viscous oil which was induced to
crystallize from absolute ethanol. It formed large prisms which, after three recrystalliza-
tions from this solvent, melted at 71-72°; yield 10 g.

Anal. Cale’d for CisHy: C, 91.47; H, 8.53.

Found: C, 91.32; H, 8.50.

The third fraction consisted of 50 g. of an oily solid distilling at 140-150° (2 mm.). After
six recrystallizations from ethanol, 34 g. of the dihydro-o-toluyldurene (A), melting at 123
124°, was obtained.

Anal. Cale’d for C;sH,50: C, 84.99; H, 8.72.

Found: C, 84.82; H, 8.67.

The fourth fraction, collected at 150-165° (4 mm.), weighed 3 g. By fractional crystal-
lization of this material from ethanol, it was possible to separate a compound, m.p. 114-
128°, from the dihydro-o-toluyldurene (A), m.p. 123-124°. After three recrystallizations
the new product melted at 144-145°. It was shown by the method of mixture melting points
to be p-toluyldurene; yield 0.5 g.

The residue, weighing 5 g., was recrystallized from ether, from absolute ethanol, and
from butyl ether. Three grams of 2,3,5,6-tetramethylbenzohydryl ether, m.p. 174-175°,
was obtained.

Anal. Cale’d for C;HysO: C, 88.26; H, 8.28.

Found: C, 88.08; H, 8.09.

Ezxperiment 2. The condensation was run in the usual manner; 20 g. of benzoyldurene,
6.8 g. of magnesium, and 39.6 g. of methyl iodide were used. The reaction was effected in
n-butyl ether by heating at 130° for six hours. The reaction mixture was cooled to 0°
in an ice-salt bath and maintained at this temperature while a saturated solution of am-
monium chloride was added slowly, with stirring. After the Grignard complex had been
decomposed, the ether solution was decanted from the inorganic paste, and the latter
washed with 100 ml. of cold ether. The combined extracts were washed three times with
ice-water and dried with anhydrous magnesium suifate. After the butyl ether had been
distilled at the water-pump, the residue was fractionated at reduced pressure. Ten grams
of distillate was obtained and approximately 10 g. of non-volatile material remained in
the flask. Redistillation yielded 3 g. of crude I-duryl-1-phenylethylene and 6 g. of a dthydro-
o-tolyl duryl ketone (B) boiling at 136-145° (2 mm.). After three recrystallizations from
ethanol 4 g. of white platelets, m.p. 103-103.5°, was obtained. This ketone underwent
dehydrogenation so readily that it was impossible to obtain a satisfactory analysis.

The high-melting dihydro-o-toluyldurene (A). This compound instantaneously decol-
orized a solution of bromine in carbon tetrachloride. It reacted with a 29, permanganate
solution, and a Zerewitinoff determination showed the absence of active hydrogen. It
was not isomerized by acid or alkali at room temperature.
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Pentabromo derivative. To a solution of 2 g. of the dihydro compound (A) in carbon
tetrachloride was added 8.5 g. of bromine in 20 ml. of carbon tetrachloride. The mixture
was stirred at room temperature for three hours, at the end of which period it was washed
once with a dilute aqueous solution of sodium bisulfite and once with water. The carbon
tetrachloride was distilled and the residue was recrystallized several times from benzene.
The pentabromo compound was a white crystalline solid; m.p. 195-196°; yield 4 g.

Anal. Cale’d for C;3H,BrO: C, 33.09; H, 3.22; Br, 61.23.

Found: C, 32.66; H, 3.34; Br, 62.54.

Dehydrogenation. In a large test tube equipped with a cold-finger were mixed 1.5 g.
of isomer A and 0.1 g. of 109 palladium-charcoal catalyst. The mixture was heated for
thirty minutes at 350° in a metal-bath. It was then cooled, taken up in ethanol, and
filtered to remove the catalyst. The brown filtrate was treated with Norit and cooled;
0.7 g. of white crystals, m.p. 100-107°, separated. Recrystallization of the compound
from ethanol raised the melting point to 112-112.5°. A mixture melting point determina-
tion with an authentic sample of o-toluyldurene showed no depression.

The low-melting dihydro-o-toluyldurene (B). The compound instantaneously decolorized
a solution of bromine in earbon tetrachloride and reacted with a 29 potassium perman-
ganate solution.

Isomerization. In an attempted hydrogenation, 2 g. of the dihydro compound (B)
was dissolved in 100 ml. of alcohol containing 0.2 g. of platinum oxide and the solution was
shaken under 3 atm. of hydrogen at room temperature. The amount of hydrogen taken
up was negligible. After the reaction mixture had been shaken for six hours it was filtered,
and the alcoho! was removed by evaporation. The residue was recrystallized from 95%
ethanol. The product was & new form of dihydrotoluyldurene (Isomer C). It was a white
crystalline solid melting at 117-118°; yield 1.5 g. This compound instantaneously de-
colorized a solution of bromine in carbon tetrachloride. Itreacted with a2% permanganate
solution, and a Zerewitinoff determination showed the absence of active hydrogen. It
was not isomerized by acid or alkali at room temperature. It had been isolated previously
from the combined mother liquors of several runs of the reaction of methylmagnesium iodide
with benzoyldurene.

Anal. Cale’d for CisH,0: C, 84.99; H, 8.72.

Found: C, 85.28; H, 8.63.

Similar results were obtained when the isomer (B) was shaken with platinum in an
atmosphere of nitrogen.

The low-melting dihydro compound was not isomerized by 2 N hydrochlorie acid at room
temperature. Treatment with alkali caused dehydrogenation.

Dehydrogenation was carried out by the procedure that was employed in the dehy-
drogenation of isomer A; o-toluyldurene, m.p. 112-112.5°, was obtained.

Preparation of the perozide of the enol. The condensation described in Experiment 2
was repeated but at the end of the six-hour period of heating 70 ml. of the reaction mixture
was removed with a pipet, and cooled in an ice-salt bath. After decomposition of the solu-
tion with a saturated solution of ammonium chloride, the ether layer was removed and
washed four times with ice-water. The solution was divided into two parts, one of which
was allowed to stand for several hours. The ether was distilled and the product crystal-
lized from ethanol; m.p. 102-103°. A mixture melting point determination showed it to be
isomer B. Oxygen was bubbled for twelve hours through the remaining portion of the
solution, which was kept in an ice-bath. The butyl ether was then evaporated in a stream
of air and the residue was triturated with 100 ml. of low-boiling petroleum ether. The
amorphous, white solid which would not dissolve in the petroleum ether was collected on a
filter and recrystallized twice from a mixture of high- and low-boiling petroleum ether.
The yellow, crystalline peroxide melted, with decomposition, at 126-128°; yield 3 g.

Anal. Cale’d for CisH2,0;5: C, 75.49; H, 7.75.

Found: C, 75.28; H, 7.81.
Ozonization of 1-duryl-1-phenylethylene. One gram of the ethylene was dissolved in100



64 FUSON, MCKUSICK, AND MILLS

ml. of glacial acetic acid and a stream of 2.5%, ozone was bubbled through the solution at
the rate of 50 ml. per minute for three hours. The solution turned green. The ozonide was
heated under reflux for one hour with 400 ml. of water. The mixture was cooled and ex-
tracted with ether. The ether solution was extracted several times with 59, sodium hy-
droxide, washed with water, and dried over anhydrous magnesium sulfate. Removal of
the ether left the benzoyldurene as a light brown oil. It was crystallized from absolute
ethanol; m.p. 117-119°; yield 20 mg. A mixture melting point with a sample of benzoyl-
durene showed no depression.

The sodium hydroxide solution was acidified, extracted with ether, and washed repeat-
edly with water. The ether was evaporated, and the brown solid which remained was re-
crystallized several times from 959, ethanol. Needle-like crystals of an acid were obtained,
which melted at 232-234°. This compound was identified as durylphenylacetic acid by
comparison with an authentic specimen (10).

Preparation of 1-duryl-1-phenylethylene by the reaction of durylmagnesium bromide with
acetophenone. The calculated amount of magnesium was added to a solution of 50 g. of
bromodurene in 1 liter of anhydrous ether. The mixture was stirred for forty-eight hours
under nitrogen, at the end of which time there was a copious precipitate of durylmagnesium
bromide. A 20-ml. portion of the reaction mixture was removed with a pipet and poured
on solid carbon dioxide. The amount of 2,3,5,6-tetramethylbenzoic acid formed indicated
that 55% of the bromodurene had reacted with the magnesium.

Forty-two grams of acetophenone, dissolved in 200 ml. of anhydrous ether, was added
slowly with vigorous stirring to the durylmagnesium bromide prepared as described above.
Gentle refluxing occurred and a gummy precipitate formed which eventually prevented
stirring of the reaction mixture. When the addition of acetophenone was completed, the
Grignard complex was decomposed with saturated ammonium chloride solution and the
product was isolated in the usual manner. It was a viscous yellow oil, fractional distilla-
tion of which yielded acetophenone, durene, bromodurene, and 1-duryl-1-phenylethylene.
The amount of durene isolated indicated that 80% of the acetophenone hadenolized. The
olefin was obtained from the high-boiling fraction as a light yellow oil; yield 5 g. Theoil
was crystallized repeatedly from absolute ethanol; yield 3.5 g.; m.p. 71-72°,

Synthesis of 2,3-dihydro-o-toluyldurene. 2,3-Dihydro-o-toluic acid (9) was converted
to the acid chloride by treatment with thionyl chloride. Eight and one-half grams of an-
hydrous aluminum chloride was added over a period of thirty minutes to a mixture of 8.5 g.
of durene, 10 g. of the acid chloride, and 200 ml. of carbon disulfide. The mixture was
stirred during the addition and for two hours afterward, then poured into a mixture of ice
and hydrochloric acid. The 2,3-dihydro-o-toluyldurene, isolated by conventional proce-
dures, was recrystallized from ethanol; m.p. 123-124°; yield 51%. A mixture with the com-
pound obtained by treating benzoyldurene with methylmagnesium iodide showed no low-
ering of the melting point.

Preparation of the diaryl ketones. The ketones listed in Table I were prepared as refer-
ence compounds in connection with the identification of the various condensation products.
They were all made by the same general procedure. One-tenth mole of anhydrous alumi-
num chloride was added in small portions over a period of one and one-half hours to & mix-
ture of 1 mole of the aromatic compound (durene, bromodurene, or pentamethylbenzene),
1 mole of the acid chloride, and 200 ml. of carbon disulfide. The mixture was stirred during
the addition and for three hours longer. After decomposition of the mixture, the organic
layer was removed and the carbon disulfide was distilled. To the residue was added 200 ml.
of 10%, sodium carbonate solution and the mixture was steam distilled to remove the un-
changed hydrocarbon. The contents of the flask were cooled and filtered. The solid
ketone was dried and recrystallized from ethanol. In certain cases the product had a wide
melting point range and a preliminary recrystallization from butyl ether was found to be
helpful.

Asindicated in the Table, several of the duryl ketones were also prepared by the reaction
of durylmagnesium bromide with the appropriate acid chloride. The following procedure
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was used. To a solution of the acid chloride in ether was added, dropwise, the equivalent
amount of an ether suspension of durylmagnesium bromide. The solution was stirred for
three hours after the addition and then was decomposed with ice and hydrochloric acid.
The organic layer was removed and the ether was distilled. The product was freed from
durene and bromodurene by steam distillation of the mixture formed by adding 200 ml. of
a 109, sodium carbonate solution to the residue. The flask was then cooled and the solid
ketone removed by filtration and recrystallized from ethanol.

Duryl-o-tolylmethane. Ten grams of o-toluyldurene was dissolved in absolute ethanol
and 15 g. of sodium was added, in small amounts, at a rate sufficient to keep the mixture
boiling vigorously. The reaction mixture was then poured into 400 ml. of water, and the

TABLE 1
DraryL KETONES
R
COMPOUND® ACID CHLORIDE g M.P, °C ANALYSIS
-

o-Toluyldurene? o-Toluyl 76, 112-112.5| Cale’d: C, 85.67; H, 7.99
Found: C, 85.59; H, 8.13
m-Toluyldurene m-Toluyl 78/ 111-112 | Cale’d: C, 85.67; H, 7.99
Found: C, 85.87; H, 7.93
p-Toluyldurene® p-Toluyl 80 144-145 | Calc’d: C, 85.67; H, 7.99
Found: C, 85.58; H, 8.15
p-Anisoyldurene p-Anisoyl 143.4-144 5| Cale’d: C, 80.56; H, 7.51
Found: C, 80.88; H, 7.77
Benzoylpentamethyl-| Benzoyl 63| 135-136 | Cale’d: C, 85.67; H, 7.99
benzene Found: C, 85.99; H, 7.97
m-Toluylbromo- p-Toluyl 61| 131-132 | Cale’d: C, 65.42; H, 5.76
durene Found: C, 65.63; H, 5.99
Duryl trans-2- trans-2-Methyley- | 78/ 132-134 | Calc’d: C, 83.67; H, 10.14
methyleyclohexyl clohexanecar- Found: C, 83.70; H, 10.32

ketone boxylic acid

¢ All the ketones listed in this table were prepared by the Friedel-Crafts method.
b This compound was made by the Friedel-Crafts method and also by the Grignard
method.

yellow-white solid which precipitated was collected on a filter and recrystallized from
ethanol. The duryl-o-tolylmethane formed needle-like crystals melting at 94.5-95°;
yield 4 g.
Anal. Cale’d for Ci3Hs: C, 90.70; H, 9.30.
Found: C, 90.51; H, 9.57.

Durylphenylearbinol. At one stage in the investigation it seemed possible that duryl-
phenylcarbinol might be among the products formed by the action of the Grignard mixture
on benzoyldurene. This carbinol was therefore made for reference. Benzoyldurene was
reduced by the general method of Bachmann (11). To an amalgam prepared from 4.5 ml.
of mercury and 1.2 g. of sodium were added 25 ml. of benzene, 25 ml. of dry ether, 2.5 ml.
of absolute ethanol, and 4.76 g. of benzoyldurene. The container was stoppered and shaken
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for twenty minutes. In the beginning the reaction mixture developed a deep, opaque red
color which, at the end of the reaction, had given way to a pale, transparent green color.
The mixture was poured into water contained in a separatory funnel, the mercury drawn off,
and the organic layer washed with water and dried. The oil left after distillation of the sol-
vent was distilled under diminished pressure, whereupon it crystallized; b.p. 185-186°
(6 mm.); m.p. 66-69°.

Although the carbinol was not thought to be sufficiently pure for analysis, it formed an
a-naphthylurethan, which served to identify it. The urethan was recrystallized from
high-boiling petroleum ether; m.p. 177.5-178.5°.

Anal. Cale’d for CosHarNO,: C, 81.92; H, 6.87.

Found: C, 82.23; H, 6.88.

Oxidation with chromie anhydride in glacial acetic acid converted the carbinol to ben-
zoyldurene in 429, yield.

The gummy residue from the distillation of durylphenylearbinol erystallized when
allowed to stand overnight in contact with ether. Recrystallization from & mixture of
benzene and chloroform yielded 650 mg. of 2,3,5,6-tetramethylbenzohydrylether, m.p.
174-175°.

SUMMARY

By treatment of benzoyldurene with methylmagnesium iodide under “forcing”
conditions 1-duryl-1-phenylethylene, dihydro-o-toluyldurene, o-toluyldurene,
and p-toluyldurene have been produced. These products demonstrate that 1,2,
1,4, and 1,6 addition of the Grignard reagent to the ketone take place concur-
rently.

The dihydro-o-toluyldurene was obtained from the reaction mixture in two
isomeric forms, one of which was shown by an independent synthesis to be 2,3-
dihydro-o-toluyldurene. The other isomer rearranged to a third isomer when
treated with platinum in an atmosphere of nitrogen.

UrsaNa, ILL.
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Ethyl diazoacetate adds to an ethylenic linkage to form a pyrazoline car-
boxylic ester, which loses nitrogen spontaneously when the reaction temperature
is sufficiently high, to yield a derivative of the ethyl ester of cyclopropane-
carboxylic acid. Extension of this reaction to certain aromatic hydrocarbons
provides a general synthesis of the norcarane ring system. When benzene or
certain of its derivatives are heated with ethyl diazoacetate, the primary product
is the ethyl ester of a norcaradienecarboxylic acid (I). This ring system, with
the exception of the one derived from naphthalene, benznorcaradienecarboxylic

?OOH
?Ha H CH COOH
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‘ CHCOOH | // \
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CH,
CH,
|
CH,
v g

acid (II), exhibits a tendency to rearrange, especially at high temperatures or in
the presence of alkali. Thus I rearranges into derivatives of cycloheptatriene-
carboxylic acid (III), phenylacetic acid (IV), and hydrocinnamic acid (V),
(1-16).

According to the rule of Buchner, the condensation of ethyl diazoacetate
with an aromatic hydrocarbon always involves addition to a non-substituted
carbon atom. If the nature of the hydrocarbon precludes this mode of addition,

1 From a thesis submitted by Thomas R. Sweeney to the University of Maryland in
partial fulfillment of the requirements for the degree of Doctor of Philogophy.
2 Present address: National Institute of Health, Bethesda, Maryland.
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a rearrangement product of the bicyclic ester is obtained and not the bicyclic
ester itself. Thus the primary product with mesitylene is a trimethyleyclo-
heptatrienecarboxylic ester (14) while condensation with durene yields the
ethyl ester of 2,4,5-trimethylhydrocinnamic acid (17).

The purpose of the present work was to extend this type of reaction to phenan-
threne.

When ethyl diazoacetate was added slowly to phenanthrene at 145-150°,
condensation took place smoothly with the evolution of nitrogen to yield the
ethyl ester of dibenznorcaradienecarboxylic acid (VI). If the rate of addition
of the diazo ester to the phenanthrene and the temperature was kept constant,
nitrogen was evolved at a constant rate. The reaction started within a few

H
CHCOOH

H

VI

minutes after the addition of the first of the ester and was complete about
fifteen minutes after the addition of the last of the ester. Without attempting
to isolate the reaction product ester, the reaction mixture was saponified with
aleoholic sodium hydroxide, the aleohol removed, and the sodium salt of the
acid extracted from the residue with hot water. Acidification precipitated
crude VI. The product was contaminated with a dark brown, gummy, acidie
material. This resinous by-product was not identified in the present work;
the formation of such a by-product, however, is usually observed in condensations
involving ethyl diazoacetate. It consists of substances resulting from self-
condensation of the diazo ester (18-25).

The ethyl ester of VI, like that of II, is stable to rearrangement when heated
with alcoholic alkali whereas, in general, the esters of the bicyeclic norcaradiene-
carboxylic acids undergo rearrangements into derivatives of cycloheptatriene-
carboxylic acid when so treated (2, 12, 13). The acid VI is stable to rearrange-
ment even under relatively severe conditions. When heated with sodium
hydroxide in ethylene glycol at 170° for six hours, under which conditions re-
arrangement, decarboxylation, or both, might reasonably be expected, the
original acid was recovered unchanged. Furthermore, the amide of VI was
recovered unchanged after refluxing with thirty per cent sulfuric acid whereas
this reagent brought about rearrangements of some of the bicyclic norcaradiene-
carboxylic acid amides into derivatives of phenylacetic acid (11, 12).

In an attempt to open the cyclopropane ring of VI by hydrogenation at 80°,
a white, crystalline acid was obtained. Although the structure of this product
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was not determined, it seems possible that it could be an octahydrophenan-
threneacetic acid.

Unlike II, VI does not decolorize a chloroform solution of bromine at room
temperature, nor does it react when the solution is held just below the boiling
point of the chloroform for two hours. However, when VI is refluxed for two
hours with bromine in glacial acetic acid considerable hydrogen bromide is
evolved and the color of the reaction mixture slowly changes from the color of
the bromine to a green and finally to a deep blue. From this solution can be
isolated an almost colorless, crystalline acid which contains bromine and reduces
alkaline permanganate immediately to a green solution, manganese dioxide
being precipitated some time later. Although the exact structure of the produect
was not proved, it seems likely that the reaction involves cleavage of the cyclo-
propane ring with subsequent elimination of hydrogen bromide in one of two
ways, namely from the side chain or the ring, thus

AN
N /n C=CHCOOH
¢ ? ?H~CHCOOH /’/CHBr
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Of these two mechanisms, the formation of the completely aromatic phenan-
threne nucleus seems the more probable. The analysis of the product agrees
closely with that calculated for such isomers.

Unlike 11, which declorizes an alkaline permanganate solution almost instan-
taneously at room temperature, VI is attacked only after prolonged standing.
However, if the oxidation is forced, 1-(2'-carboxyphenyl)-2,3-cyclopropanedi-
carboxylic acid (VII) is obtained in extremely poor yields. Slightly better yields,
although still very poor, can be obtained by oxidation with chromic anhydride

———CH—CHCOOH
N L
CHCOOH
N
COOH
VII

in glacial acetic acid. The same acid, VII, is obtained in good yields from a
permanganate oxidation of II.

From a consideration of the reaction of ethyl diazoacetate with other aromatic
hydrocarbons, it seemed probable that the reaction with phenanthrene, if it
oceurred at all, would take the usual course, and that the addition product would
consist of a cyclopropane ring fused with one of the benzene nuclei of the phe-
nanthrene molecule. This sort of addition, or its equivalent, is supported by the
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composition of the addition product. "Furthermore, because of the pronounced
reactivity and ethylenice character of the 9,10 bond of phenanthrene, it might be
anticipated that condensation would take place in the 9,10 position and that
the addition product would have the structure VI. That such was actually the
case is proved by the fact that the condensation product on oxidation yields
VII. None of the isomeric naphthonorcaradienecarboxylic acids that would
have resulted from the condensation of ethyl diazoacetate across a double

TABLE 1
ComparisoN oF OxiparioNn Propuct oF II anDp VI aAnD THEIR DERIVATIVES
CARBON % HYDROGEN ¥, | NITROGEN %
M.P., °C nﬂ).{,EPC o o o
3 Found 3 Found 3 Found
Oxidation produet of (II}..} 281-282 with | no 57.60(57.72, 14.03]4.20,
decomp. change 57.72 4.07
Oxidation product of (VI)..| 281-282 with 57.60(57.68, |4.03|4.15,
decomp. 57.56 4.04
Tri-p-phenylphenacyl ester
of oxidation product of
(I 175-176 no 77.87) 77.98 4.84] 4,95
change
Tri-p-phenylphenacyl ester
of oxidation product of
(VD ... 175-176 T7.87) 77.84 4.84| 4.88
Tri-anilide of oxidation
product of (II}...........| decomp. no 75.771 75.77 5.30{ 5.19 |8.84/8.71,
328-330 change 8.76
(block)
Tri-anilide of oxidation
product of (VI).......... decomp. 75.77| 75.65 |5.30| 5.33 |8.84/8.82,
328-330 8.81
(block)

bond of a terminal ring in the phenanthrene molecule would reasonably be ex-
pected to yield VII on oxidation. Nor would the more improbable isomers

that would result from condensation of the group CHCOOC:Hj; with the phenan-

threne nucleus by means of a doubly bonded carbon, a meta bridge across a
ring, or a para bridge across a ring, yield VII on oxidation.

The reluctance of the condensation product to react with permanganate and
bromine at room temperature supports the structure VI. The isomeric naphtho-
norcaradienecarboxylic acids as well as any isomers having a four, five, or seven
membered carbon ring would contain double bonds that would be expected to
give the usual tests for unsaturation.

Proof that the oxidation produet of VI actually has the structure shown in
VII was obtained by comparing it with a sample of VII synthesized by an
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independent method. Ethyl diazoacetate was allowed to react with naphthalene
and the ester addition product saponified to yield II. The latter on oxidation
with alkaline permanganate was converted to VII in good yield. That the
oxidation product of VI was identical with the oxidation product of II was
shown by a comparison of the analyses, melting points and mixed melting points
of the two oxidation products as well as of their trianilides and tri-p-phenyl-
phenacyl esters. These data are shown in Table 1.

There are two possible geometric isomers of VI, one in which the carboxyl
group is on the same side of the cyclopropane ring as the phenanthrene nucleus
(cis), and one in which it is on the opposite side (trans). An isomer in which
the two bonds that join the phenanthrene nucleus to the cyclopropane ring are
on opposite sides of the ring would involve impossible strains and is, therefore,
incapable of existing. Hence, these two bonds must necessarily bear a cis relation
to each other. Since VII is a derivative of trans-cyclopropanedicarboxylic
acid (10), the carboxyl group in VI probably bears a trans relation to the phenan-
threne residue.

EXPERIMENTAL

Ethyl diazoacetate was prepared according to Curtius (26) as described by Gatterman and
Wieland (27).

Purification of phenanthrene. Crude, 709, phenanthrene was converted to the pure crys-
talline produet aceording to the method of Bachmann (28).

Action of ethyldiazoacetate on phenanthrene. The reaction was carried out in a 500-ml.
three-necked flask, equipped with a mechanical stirrer, a small dropping-funnel, and a
reflux condenser. In the top of the condenser was fitted a T-tube, one outlet of which was
connected by rubber tubing to the top of the dropping-funnel to act as a pressure equalizer,
while the other was connected to a Mariotte flask for collecting nitrogen. The water was
allowed to flow from the Mariotte flagk through a leveling bulb into a graduated cylinder.
The reaction flask was immersed in an oil-bath.

A typical experiment is as follows. Phenanthrene (1 mole, 178 g.) was placed in the re-
action flask and the outside temperature brought to 145-150°. After the phenanthrene
had melted, the mechanical stirrer, geared down to 90-100 r.p.m., was started. FEthyl
diazoacetate (0.2 mole, 22.8 g.) was then added dropwise from the dropping-funnel over a
period of ten hours. Evolution of nitrogen started within a few minutes after the addition
of the first drops of ester, and at the end of the first half hour 150 ml. had been collected.
If a constant rate of addition was maintained, nitrogen was evolved at a constant rate.
The rate of nitrogen evolution dropped sharply after the addition of the last of the ester.
A total of 4600 ml. was collected. The reaction mixture was dissolved in aleohol and suffi-
cient alcoholic sodium hydroxide was added to saponify the ester. The mixture was re-
fluxed for two hours on the steam-bath, after which the alcohol was removed as completely
as possible by distillation under reduced pressure. The residue was then extracted several
times with hot water. The aqueous extract was cooled, filtered, and washed with ether.
Acidification with hydrochlorie acid precipitated the crude dibenznorecaradienecarboxylic
acid, leaving the formerly brown solution almost water-clear. The precipitated acid was
very sticky at this point, retained a large amount of water, and was very difficult to filter.
It was allowed to stand overnight by which time it had turned granular and was easily fil-
tered. The yield of crude, dry acid was 27.1 g., 57.4%, of the theoretical based on the diazo
ester used. The crude material was triturated quickly with cold dioxane and filtered.
Most of the brown impurity and some of the product dissolved immediately in the dioxane
and was filtered off. The product, after decolorization with Norit in dioxane solution,
was crystallized from the same solvent; colorless needles, m.p. 257.5-258° with decomposi-
tion, were obtained.
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Anal. Cale’d for C,H1,0,: C, 81.33; H, 5.12.
Found: C, 81.23, 81.26; H, 5.08, 5.18.

Recovery of phenanthrene. The residual phenanthrene, after extraction of the sodium
dibenznorcaradienecarboxylate, had a color varying from a light to a dark brown. It was
air-dried, taken up in an excess of 50~70° petroleum ether and treated with decolorizing
carbon. The filtrate, which was still somewhat yellow, was then shaken for a few minutes
with powdered alumina and filtered. The filtrate was then colorless; after evaporation of
the solvent, pure, colorless phenanthrene crystallized.

Dibenznorcaradienecarboxylic acid. The acid dissolves in cold concentrated sulfuric acid
with the formation of a green color which turns to a light blue in a few minutes, to a more
intense blue in about an hour, and finally, in about twenty-four hours, to a purple. It
forms crystalline sodium, ammonium, and silver salts.

Amide. The acid chloride was prepared with thionyl chloride. The amide was crystal-
lized from alcohol; colorless needles, m.p. 334-335° with decomposition.

Anal. Cale’d for C;Hyi;NO: C, 81.67; H, 5.57; N, 5.95.

Found: C, 81.64, 81.60; H, 5.59, 5.54; N, 5.90, 5.96.

para-Phenylphenacyl ester. This was prepared from sodium dibenznorcaradienecar-
boxylate and p-phenylphenacyl bromide in the usual way. Needles from alcohol, m.p.
169.5-170.5°. .

A'nal. Cale’d for CsngzOz: (). 8370, H, 5.13.

Found: C, 83.25, 83.30; H, 5.18, 5.27.

para-Niirobenzyl ester. This was prepared from sodium dibenznorcaradienecarboxylate
and p-nitrobenzyl bromide in the usual way. It was recrystallized from alcohol; m.p.
136-136.5°.

Anal, Cale’d for C,,HyyNO,: C, 74.38; H, 4.62; N, 3.77.

Found: C, 74.12, 74.21; H, 4.66, 4.64; N, 3.83, 3.81.

Hydrogenation. Pure, crystalline sodium dibenznorcaradienecarboxylate (5.9 g.) was
dissolved in dilute sodium hydroxide and the solution hydrogenated for two hours at 80°
and 1700-1800 1bs. pressure using a Raney nickel catalyst. The catalyst was filtered from
the reaction mixture and the filtrate acidified with hydrochloric acid. A gummy white
solid was precipitated which was extracted from the aqueous medium with benzene. After
the benzene had been evaporated and the residue freed of solvent over paraffin wax, the
crude product weighed 4.7 g. It was purified by reerystallization from petroleum ether
(b.p. 90-100°); colorless crystals, m.p. 144.5-145°,

Anal. Cale’d for C,HeO:: C, 78.65; H, 8.25.

Found: C, 79.01, 78.44; H, 8.58, 8.38.

The product was a white crystalline acid which reduced alkaline permanganate almost
instantaneously at room temperature, but only slowly decolorized bromine in chloroform
solution. It gave only a faint yellow color with sulfuric acid. Oxidation with chromic
anhydride in acetic acid yielded, what appeared to be from the wide melting range, a mixture
of acids, whieh dissolved in sodium hydroxide solution with the formation of a blue color.

Bromination. The acid did not react with bromine in chloroform at room temperature
nor when held just below the boiling point of the chloroform for two hours. However, the
acid could be made to react as follows. To a solution of 1 g. of the acid in 30 ml. of acetic
acid was added 0.3 ml. of bromine. The solution was refluxed for two hours, during which
time the color changed slowly from the color of the bromine to a green and finally to a deep
blue. Hydrogen bromide was evolved during the reaction. The reaction mixture was
poured into several volumes of water whereupon a white solid was precipitated. After
evaporation of the deep blue ether extract of this suspension, a mass of green and light
yellowish brown crystals remained. These gave a green solution when taken up in hot
benzene. To this solution, after treatment with decolorizing carbon with no change in
color, was added an equal volume of hexane. A mass of slightly yellow crystals was ob-
tained when the solution cooled. After recrystallization from benzene almost colorless
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crystals were obtained, m.p. 182.5-184°. These crystals melted to a blue liquid which set
to a blue solid on cooling.

Anal. Cale’d for CsH; BrO,: C, 60.97; H, 3.52; Br, 25.36.

Found: C, 61.10, 61.03; H, 3.46, 3.54; Br, 26.26, 26.07.

The product was a bromo acid, ingoluble in water, but soluble in dilute sodium hydroxide.
The alkaline solution immediately reduced permanganate to a green solution, and slowly to
manganese dioxide. It was only slowly soluble in concentrated sulfuric acid with the for-
mation of a pale green solution which slowly turned to an intenge green on standing.

The deep blue ether extract of the original reaction mixture on standing overnight faded
to a faint yellowish green. However, if the original reaction mixture was allowed to stand
for the same length of time and then extracted with ether, a blue extract was obtained.
This indicated easy oxidation of the blue substance since the ether was known to contain
peroxides.

Ouxidation. To a solution of 1 g. of the acid in dilute sodium hydroxide was added a
solution of 7.5 g. of potassium permanganate. The reaction mixture was allowed to stand
at room temperature for twenty-four hours and was then heated on the steam-bath for two
hours. It was then made distinctly acid with sulfuric acid and heated for another hour
on the steam-bath with occasional shaking. The solution was cooled, filtered, and ex-
tracted several times with ether. The ether was evaporated and the residual 1-(2'-carboxy-
phenyl)-2,3-cyclopropanedicarboxylic acid recrystallized several times from water, m.p.
281-282°. The yield was very poor, about 0.1 g.

Anal. Cale’d for CHy406: C, 57.60; H, 4.03.

Found: C, 57.68, 57.56; H, 4.15, 4.04.

Slightly better yields, although still poor, were obtained using chromic anhydride in
acetic acid as the oxidant. An excess of chromie anhydride (wt. ratio of 6:1) was used and
the reaction mixture refluxed two hours.

Benznorcaradienecarbozylic actd. This acid was prepared by allowing ethyl diazoacetate
to react with naphthalene, followed by saponification of the ester addition product essen-
tially according to Buchner and Hediger (10).

1-(2'-Carboxyphenyl)-2,8-cyclopropanedicarboxylic actd. This acid was prepared by oxi-
dation of benznorcaradienecarboxylic acid with alkaline permanganate according to the
method of Buchner and Hediger (10). The melting point of our product, 281-282°, was
slightly higher than that (273-275°) reported by Buchner. This discrepancy may possibly
be accounted for by a difference in the methods used in determining the melting point or in
the relative purity of the two products. Buchner and Hediger state that their compeund
was yellowish-white and did not melt sharply; the compound prepared in this work was pure
white and melted sharply.

Anal. Cale’d for C;HiOs: C, 57.60; H, 4.03.

Found: C, 57.72, 57.72; H, 4.20, 4.07.

The tri-anilides and tri-p-phenylphenacyl esters of 1-(2’-carboxyphenyl)-2,3-cyclopro-
panedicarboxylie acid obtained from the oxidation of benznorcaradienecarboxylic and di-
benznorcaradienecarboxylic acid were prepared in the usual way. The anilideg were re-
crystallized from acetic acid and the p-phenylphenacyl esters from acetone. The melting
points and analyses are given in Table I.

SUMMARY
1. Ethyl diazoacetate has been condensed with phenanthrene; the ethyl ester
of dibenznorearadienecarboxylic acid is formed.
2. The structure of the product has been proved.

3. Some of the chemistry of dibenznorcaradienecarboxylic acid has been
deseribed.

CoLriecE PARK, Mbp.
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In the course of an investigation of the synthesis of N-ribityl-3,4-xylidine,
an intermediate in the synthesis of vitamin B, a product was obtained from
the condensation of 3,4-xylidine and p-ribose which did not correspond to the
xylidine riboside obtained by Kuhn (1). A detailed study of this condensation
product and related compounds indicated that a new form of N-riboside, N-ribo-
pyranoside, was obtained. The synthesis, properties, and chemical potentialities
of this form of N-pentoside form the basis of this paper, the first in a series of
studies.

The condensation of aryl and alkyl amines with monosaccharides (also disac-
charides) is well known and appears in the early literature. Schiff (2) first
reported the condensation of aniline and toluidine with anhydrous p-glucose in
1870. Sachsse (3) prepared mono- and di-anilides of lactose in 1871 and Sorokin
(4) prepared various anilides of other monosaccharides in 1886. The structure
of these condensation products was an open question. Schiff and Straus (5)
favored a “Schiff base” amine-aldehyde condensation product type linkage.
Sorokin and Marchlewski (6) proposed an N-glycoside formula in 1894. In a
series of papers, the first of which was published in 1908, Irvine and co-workers
(7) demonstrated that the condensation product of glucose and aniline was an
N-glycoside and not a Schiff’s base.

Arylamine-N-glycosides are prepared by mixing a sugar and an amine in a
solvent (usually a lower alcohol) and heating the mixture for several hours.
Upon concentration of the solvent, the N-glycoside usually crystallizes. Other
solvents such as water, benzene, or various mixtures, are often used. Various
catalysts are employed such as HCI, NH4Cl, excess base, etc.

Most N-glycosides are rather unstable, some decomposing in a few hours.
Several species when absolutely pure remain unchanged for several months if
kept cold. They usually crystallize with one or more molecules of water,
alcohol, or even amine of crystallization (8). As a general class, N-glycosides
are labile and undergo rearrangement as well as hydrolysis. The rearrangement
of N-glycosides to isoglucosamines (the Amadori rearrangement) was studied
and reported by Kuhn and co-workers (9) and Weygand (10) in a series of papers
from 1936 through 1940.

In connection with the synthesis of riboflavin, vitamin B,, the preparation of
ribitylxylidine, which involved the condensation of an aryl amine and a pentose
and subsequent reduction, gave impetus to the study of the preparation and
properties of N-glycosides. Kuhn and Birkofer (1) prepared 3,4-xylidine-p-
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riboside by refluxing a mixture of p-ribose and 3,4-xylidine for £ hour. The
product - obtained had the following characteristics: M.p. 118°; [o]% +172°;
(¢ = 0.59, in pyridine, without mutarotation).

Preparation of the above compound according to the directions of Kuhn and
Birkofer yielded a product with the following characteristics: M.p. 128-130°;
[a]2 +171.7° — +56.5%; (c = 0.59 in pyridine). However, if the condensation
of 3,4-xylidine and p-ribose was carried out at room temperature in aleohol or
aqueous alcohol, catalyzed with a trace of acid, an isomeric product was obtained
which had the following characteristics: M.p. 110-112°; [o] 2 +94.5° — +53.0°;
(¢ = 1.09% in pyridine).!

Similarly, two isomeric products were obtained when aniline and ribose were
condensed according to the two procedures. The product obtained from the
hot alcoholic condensation had the following characteristics: M.p. 138-140°;
[a)sd] +176.5° — +156.6%; (¢ = 3% in pyridine).

The product obtained from the cold aleohol condensation had the following
characteristics: M.p. 125-127°; [a]s2! +-63.4° — +48.6°; (¢ = 1.0%, in pyridine).

It was found that the product obtained from the cold alcoholic condensation
(lower melting and less positive rotation) could be converted quantitatively to
the other form by refluxing for an hour in aleohol. It was also found that the
transformation would also take place slowly at room temperature in the presence
of traces of acid or basic catalysts, or other impurities.

In a study of the chemical nature of various aromatic N-ribosides, Kuhn and
Strobele (11) concluded that the products they had obtained were N-ribo-
furanosides, for acylation yielded triacetyl products, and tritylation indicated
that the terminal hydroxyl group was free.

The isomeric products obtained by us could possibly be the g-furanoside,
a- or B-pyranoside, a Schiff’s base, or the Amadori rearrangement product.
The direction of the mutarotation in pyridine (in the same direction and from
positive to negative in both forms) and the different end-points reached on
completion of the mutarotation (as shown by the isomeric aniline ribosides)
eliminate the possibility of an «-, 8-furanoside pair or a Schiff’s base structure
for these ribosides.

Both forms reduced hot Fehling’s solution but did not give the dichlorophenol
indophenol test for isoglucosamines (1). Hydrogenation of both forms under
various conditions of pH and temperature gave the same ribitylamine indicating
that Amadori rearrangement had not taken place. Thus oa-xylidine-N-p-
ribofuranoside, when hydrogenated in alcohol with Raney nickel, gave ribityl-
xylidine, (1, 12); m.p. 144°; [a]® —29.0°; (¢ = 5% in pyridine), [«]® —37.5°;
(c = 5% in 2 N HCl). «-Xylidine-N-p-ribopyranoside in anhydrous dioxane

* The optical rotation of aromatic N-ribosides are more characteristic and reproducible
than the melting point. As these compounds have a strong tendency to crystallize with
solvent of crystallization, the melting point alone cannot be used as a criterion of purity,
or to distinguish between pyranoside or furanoside forms. (Note difference in the melting
point and similarity of the optical rotation of 3,4-xylidine-N-p-riboside obtained by Kuhn
and Birkofer and our preparation of this compound.) The optical rotation, elementary
analysis, moisture, and melting point all must be taken into account.
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(which did not convert the pyranoside to the furanoside even at reflux tempera-
ture for several hours) on hydrogenation gave the identical ribitylxylidine.
Similarly, both aniline ribosides gave the same ribitylaniline, m.p. 125-127°;
[a]® —42.3°; (¢ = 2.0% in pyridine).

The direction of the mutarotation in both forms indicated an a-pyranoside
structure for the product obtained at room temperature and an a-furancside
structure for the product prepared in hot solution (on the assumption that the
product prepared according to Kuhn is a furanoside).

H HHH Furanoside:
L 1] High m.p., more positive rota-
HOH, C—C—C—C—C—NH—Aryl tion, mutarotation (negative), «
I form
OH OH
O—
H H HH Pyranoside:
R Low m.p., less positive rotation,
H, C——(l)—(l)— I—C—NH—Aryl mutarotation (negative), o form
OH OH OH '
(@ S —

That these designations were probably correct was confirmed by a study simi-
lar to that of Kuhn and Strébele. The two aniline ribosides were acylated in
pyridine to yield triacetyl products further indicating an N-glycoside structure.
Both were tritylated in pyridine. The product obtained from the cold condensa-
tion (pyranoside) did not yield any identifiable tritylation product while the
product obtained from the hot aleoholic condensation (furanoside), reacted under
identical conditions, vielded a tritylated product as expected, and in agreement
with the structure assigned by Kuhn.

Methylation of both aniline ribosides with methyl iodide and active silver
oxide in acetone solution gave a mixture of partially methylated syrups. Sub-
sequent remethylations of these syrups gave red oils, and analysis indicated that
partial decomposition had taken place. Methylation of the aniline ribosides
and the triacetyl aniline ribosides with methyl sulfate in alkaline solution was
not possible, as warm alkali hydrolyzed the ribosides. Both isomers were in-
stantly decomposed to tars with dilute periodate solution in an attempt to apply
the method of Jackson and Hudson (13), and Lythgoe and Todd (14), for dis-
tinguishing between furanosides and pyranosides. The result was not entirely
unexpected, as amino alcohols possessing a primary or secondary amino group
react readily with the periodic acid reagent (15). Lythgoe and Todd record a
similar experience with 4- or 6-glycosidaminopyrimidines.

Hydrolysis of both forms with water, water catalyzed with acids, or bases, or
aldehydes such as formaldehyde and benzaldehyde, regenerated the original
amine and ribose. This was further evidence that the products obtained were
not Amadori rearrangement products.

The triacylated products prepared from the isomeric N-ribosides and their
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hydrogenation products are assigned the tentative structures of 2,3,4- or 2,3,5-
triacyl derivatives depending upon whether they were derived from the pyrano-
side or the furanoside form. It is assumed, however, that acyl migration did
not take place in the course of acylation of the ribosides and their subsequent
hydrogenation, although the similarity of the optical rotations of the two
tribenzoylribitylanilines may indicate that ring opening and acyl migration
had occurred in one of the ribosides.

a-Aniline-p-ribopyranoside and e-aniline-p-ribofuranoside were both more
stable than the corresponding xylidine ribosides. Hanaoka (16) reported similar
results in his studies on the rate of hydrolysis of various aniline and substituted
aniline N-glycosides. Traces of impurities, high temperature, and moisture

TABLE 1
PROPERTIES OF ARYLAMINE-N-GLYCOSIDES
RIBOSIDE Pg;;;'ngga ROTATION
a-Aniline-N-p-ribopyranoside 125-127 | [a]h +63.4° — +-48.6°
3 H,0) ¢ = 1.0% in pyridine (48 hrs.)
a-Aniline-N-p-ribofuranoside 138-140 | [alZ +176.5° — 156.6°

¢ = 3.0% in pyridine (24 hrs.)

@-3,4-Xylidine-N-p-ribopyranoside | 110-112 | [a]} +94.5° — +53.0°
¢ = 1.0% in pyridine (48 hrs.)

a-3,4-Xylidine-N-p-ribofuranoside 128-130 | {a)y +171.7° — +56.5°
¢ = 0.5% in pyridine (24 hrs.)

a-3,4-Xylidine-N-p-ribofuranoside 118 la)h +172°
(Kuhn, 1) ¢ = 0.5% in pyridine without mutaro-
tation

o All melting points are uncorrected.

accelerated the decomposition of the ribosides. a-Aniline-p-ribopyranoside and
-furanogide have been kept for over six months in a sealed container in the
refrigerator at 5°.

EXPERIMENTAL

a-Aniline-N-p-ribopyranoside. A solution of 1.44 g. of crystalline p-ribose in 20 ce. of
distilled water was prepared. The pH was adjusted to 4.0 with 3 N H,80,.2 One cubic
centimeter of aniline in 10 cc. of absolute alecohol was added and the mixture stirred for 10
min. at 25°. The reaction mixture was then set in a refrigerator at 5° overnight (crystal-
lized out in one hour). The crystalline precipitate was filtered off and washed with cold

2 Acid catalysts accelerated the condensation but did not alter the direction nor affect
the yield. The condensation at pH 6.0 to 8.0 (pH of base) gave excellent yields of the
pyranoside but required several hours condensation at room temperature before being set
in the refrigerator for crystallization.
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aleohol and finally with ether. There was obtained 2.07 g. (96%) of colorless shining plate-
lets, melting at 125-127°. The product contained 0.5 mole of water of crystallization;
la]y +63.4° — 448.6°; (¢ = 1.0% in pyridine; 48 hrs.).

Anal. Cale’d for CiHisNO.-3 H,0: C, 56.41; H, 6.84; N, 5.98.

Found: C, 56.71; H, 6.77; N, 5.78.

Under certain conditions the product may ecrystallize with different amounts of solvent
of erystallization. This causes variations in the melting point and rotation, but when the
latter is corrected on the basis of the above compound, it will correspond.

The purity of N-ribosides can be determined accurately by the ordinary Fehling titra-
tion method employed for sugars. The N-ribosides hydrolyze quantitatively under the
conditions employed and the sugar liberated reduces Fehling solution in the normal manner.

For maximum accuracy in this titration, samples should contain or liberate 21.0 to 38.0
mg. of ribose for every 10 cc. of mixed Fehling solution used. The general procedure is as
follows:

About 50 mg. of ribosjde is suspended in 10 cc. of mixed Fehling solution diluted with 15
ce. of distilled water in a 250-cc. Erlenmeyer flask. The flask is covered with a watch glass
and set on a hot plate at 200-300° for exactly five minutes of boiling. The flask is cooled
and 20 cc. of 10% KI (freshly prepared) and 20 cc. of 3 N H;80, are added. The liberated
iodine is titrated with 0.1 N thiosulfate with soluble starch as an indicator in the usual
manner. The titration of the Fehling solution is always run along with the test substance.

The ribose liberated is calculated as follows:

(a — b) 3.37 = mg. ribose?

a = cc. of 0.1 N thiosulfate used for Fehling solution alone.

b = ecc. of 0.1 N thiosulfate used for test substance.

a-Aniline-N-p-ribopyranoside:

Ribose. Cale’d: 66.70%,

Found: 66.809,
66.70%
66.70%,

a-Aniline-N-p-ribofuranoside. (a) By direct condensation. A solution of 15.0 g. of
p-ribose in 150 cc. of warm alcohol was prepared. Ten grams of aniline was added with
stirring. The mixture was refluxed for two hours. On cooling, a-aniline-N-p-ribofurano-
side erystallized out; the reaction was set in the refrigerator to complete the crystallization,
and the white mass of crystals that formed was filtered off, washed with cold alcohol and
ether, and air dried. There was obtained 19.0 g. (84.5%) of shining plates melting at 138-
140°; [a]} +176.5° — +156.6%; (c = 3% in pyridine; 24 hours).

Anal. Cale’d for CnHy;NO,: C, 58.66; H, 6.66; N, 6.22.

Found: C, 58.72; H, 6.66; N, 6.16.

Ribose. Cale’d: 66.70%,

Found: 66.80%

(b) By conversion of a-aniline-N-p-ribopyrancside. Ten grams of «-aniline-N-p-ribo-
pyranoside (m.p. 125-127°; [a)} +63.4° — +48.6°) was dissolved in 80 cc. of boiling absolute
aleohol and refluxed for one hour. The reaction flask was cooled, scratched with a glass
rod, and set in the refrigerator for crystallization. After several hours the crystalline
mass was filtered off, washed with aleohol and ether to yield 9.9 g. of a-aniline-N-p-ribo-
furanoside, m.p. 137-139°; [a]3 +177° — +156.5°; (¢ = 1.5% in pyridine; 24 hours).

The conversion of a-aniline-N-p-ribopyranoside to the furanoside is influenced by
traces of impurities (both acidic and basic such as amine salts, amines, acids, etc.), water,
or other hydroxylated solvents, heat, and sunlight. While attempting to remove the last
traces of water of crystallization from a-aniline-N-p-ribopyranoside via high vacuum
desiceation over P:0s, for 7 days, a 709, conversion to the furanoside occurred.

Original pyranoside: m.p. 125-127°; [a] +63° — 49°; (¢ = 1% in pyridine; analysis indi-
cated % mole of H,0).

3 Factor determined with pure crystalline p-ribose.
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Dried pyranoside (7 days): m.p. 120-123°; [a] +144°, initial; (¢ = 1% in pyridine).
Anal. Cale’d for C,iH:NO (anhydrous): C, 58.66; H, 6.66.
Found: C, 58.75; H, 6.67.

Refluxed in alcohol for twenty minutes; [a]h +186° initial; (¢ = 1% in pyridine; complete
conversion).

An attempt was made to recrystallize a-aniline-N-p-ribopyranoside from warm alcohol
as rapidly as possible to avoid conversion to furancside. One such crystallization lowered
the melting point to 121-123° and the rotation to [«]5 +137.7° indicating over a 50% con-
version to the furanoside.

a-8,4-Xylidine-N-p-ribopyranoside. A solution of 1.44 g. of crystalline p-ribose in 20
cc. of distilled water was prepared and the pH was adjusted to 4.0 with 3 N H,80.. To
this solution 1.3 g. of 3,4-xylidine dissolved in 10 cc. of ethyl alcohol was added, with
stirring at 25° for ten minutes. The reaction mixture was then placed in the refrigerator
overnight for crystallization. The crystalline product obtained was filtered off, washed
with a small amount of cold alcohol and dry ether, to yield 1.2 g. (49%) of a colorless crystal-
line product; m.p. 110-112°%; [a]b +94.5° — +53.0°; (¢ = 1.0% in pyridine).

Anal. Cale’d for C3HieNOy: N, 5.53.

Found: N, 5.44.

a-3,4-Xylidine-N-p-ribofuranoside (1). (a) By direct condensation. p-Ribose (8.8 g.)
was dissolved in 100 cc. of absolute methanol containing 7.1 g. of 3,4-dimethylaniline and
the solution was refluxed for forty minutes. The solution was cooled, seeded, and placed
in the refrigerator for complete crystallization. The white crystalline product was filtered
off, washed with cold methanol and ether, and air dried. There was 8.8 g. (60%) of «-3,4-
xylidine-N-riboside melting at 127-129°; []3 +172° — 56.0°%; (¢ = 0.5% in pyridine; 72
hours).

(b) By converston of a-8,4-dimethylaniline-N-p-ribopyranoside. «-3,4-Xylidine-N-p-
ribopyranoside (0.5 g.), m.p. 110-112°; [o]5 +94.9°, was refluxed with 5 cc. of absolute al-
cohol for one hour. The flask was cooled, scratched, seeded, and set aside for crystalliza-
tion in the refrigerator. Forty-five hundredths gram of shiny papery crystals was filtered
off, washed with cold alcohol and ether; m.p. 128-130°; []5 +171.7° — +56.5°; (¢ = 0.5%
in pyridine; 48 hours). .

2,38, 4-Triacetyl-a-aniline-N-p-ribopyranoside. Twelve grams of «-aniline-N-p-ribo-
pyranoside was dissolved in 100 cc. of dry pyridine, cooled to 0°, and 36.0 cc. of acetic an-
hydride was slowly added with stirring. Upon completion of the addition, the solution
was kept at room temperature for one day. Heating for one hour at 40-50° completed the
reaction.

The reaction mixture was poured into 500 ce. of cold water with stirring, and the syrupy
mass that separated was extracted with ether. The ether solution was washed neutral,
dried over anhydrous Na,S0; overnight. The solvent was then removed to yield 14.0 g.
(75%,) of a hard yellow-orange glass which could not be crystallized. The product was
readily soluble in all organic solvents, but insoluble in water and petroleum ether.

Anal. Cale'd for CisHxNO7: C, 58.15; H, 5.98; N, 3.99; Acetyl, 36.75.

Found: C, 58.48; H, 6.18; N, 4.00; Acetyl, 33.2, 33.5.¢
2,8,5-Triacetyl-a-aniline-N-p-ribofurancside.  8ix grams of a-aniline-N-p-ribofurano-
side was dissolved in 50 ce. of dry pyridine, cooled to 0°, and 18 cc. of acetic anhydride was
added slowly with stirring. Upon completion of the addition, the solution was kept at
room temperature for a day. One hour’s heating at 40-50° completed the reaction.

The reaction mixture was poured into 250 cc. of cold water with stirring and the syrupy
mass that separated was extracted with ether. The ether solution was washed neutral,
dried overnight over anhydrous Na,S80s. The solvent was then removed to yield 8.3 g.
(899%) of a hard yellow glass which began to soften and flow at 60°. The product could not

+ Micro acetyl determination of the compounds in this series gave consistently low but
reproducible values.
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be crystallized. The product was readily soluble in all organic solvents, but insoluble in
water and petroleum ether.

Anal. Cale’d for C:HuNO;: C, 58.15; H, 5.98; N, 3.99; Acetyl, 36.75.

Found: C, 57.92; H, 6.31; N, 4.04; Acetyl, 33.7.4
2,8,4-Tribenzoyl-p-ribitylaniline. Fourteen grams of «-aniline-N-p-ribopyranoside
was dissolved in 150 cc. of dry pyridine, cooled to 0°, and 28.7 g. of benzoyl chloride (3
moles excess) was slowly added with stirring. The acylation proceeded slowly. In about
35-40 minutes pyridine hydrochloride started to precipitate out. Upon completion of the
addition, the reaction was kept at room temperature for a day and worked up in the usual
manner,

A yellowish sticky glass, weighing 33 g. (quantitative yield) which could not be crystal-
lized was obtained. The produet was soluble in all organic solvents and separated as a
thick oil from concentrated alcohol solution.

Fifteen grams of the above glass was dissolved in 120 ce. of ethyl alcohol, 1.5 g. of Raney
nickel was added, and the reaction mixture was hydrogenated at 500 1bs. at 60° for two hours.
The alcohol solution was filtered from the catalyst and evaporated to dryness. Fifteen
grams of a glassy produect was obtained which could not be crystallized. The product did
not form & hydrochloride in ether solution with hydrogen chloride gas.

Anal. Cale’d for CsHpyNO7: C, 71.25; H, 5.38; N, 2.60.

Found: C, 7141; H, 543; N, 2.46.

la]f —20.3° - x1; (¢ = 1.67% in pyridine).

2,8,5-Tribenzoyl-p-ribitylaniline. Fourteen grams of «-aniline-N-p-ribofuranoside
was acylated in 150 cc. of dry pyridine with 28.7 g. of benzoyl chloride at 0° as previously.
In about 15-20 minutes pyridine salts started to precipitate out.! The reaction was worked
up as previously to yield 34.0 g. of a yellow amorphous brittle solid which could not be
crystallized. The product did not melt but liquefied at about 50°.

Fifteen grams of the glassy solid was dissolved in 120 cc. of ethyl aleohol, 1.5 g. of Raney
nickel added, and the mixture hydrogenated at 500 lbs. at 60° for two hours. The alcohol
solution was filtered from the catalyst and evaporated to dryness in vacuo to yield a light
fluffy amorphous glass in quantitative yield. The product could not be crystallized.

Anal. Cale’d for C3H2oNO7: C, 71.25; H, 5.38; N, 2.60.

Found: C, 71.38; H, 5.40; N, 2.50.

[alp —22.1° (¢ = 8.0% in pyridine).

p-Ribitylaniline. (a) From a-aniline-N-p-ribopyranoside. Four grams of a-aniline-N-
p-ribopyranoside was suspended in 25 cc. of anhydrous dioxane and 0.3 g. of Raney nickel
added. The mixture was hydrogenated at 65-75° at 500 lbs. for two hours. The catalyst
was filtered off and the solution was concentrated in vacuo to % volume. The solution
was scratched with a glass rod and set in the refrigerator for crystallization. Three and
five-tenths grams (88%,) of a colorless crystalline product was obtained which melted at
125-127°; [a]y —42.3°%; (¢ = 2.7% in pyridine).

Anal. Cale’d for CyH1sNO,: C, 58.19; H, 7.49; N, 6.17.

Found: C, 58.49; H, 7.26; N, 6.24.

(b) From a-aniline-N-p-ribofuranoside. Four grams of a-aniline-N-p-ribofuranoside
was suspended in 25 cc. of absolute alcohol and hydrogenated at 60° at 500 lbs. for three
hours in the presence of 0.3 g. of Raney nickel. The reaction was worked up as above to
yield 3.60 g. (90%) of ribitylaniline, melting at 125-127°; la]h —42.7°; (¢ = 2.5% in pyridine).

N-p-Ribityl-8, 4-dimethylaniline (ribitylzylidine). (a) From o-8,4-xylidine-N-p-ribo-
pyranoside. BEight-tenths of a gram of a-xylidine-N-p-ribopyranoside was dissolved in
25 cc. of anhydrous dioxane and 0.1 g. of Raney nickel was added. The mixture was hy-
drogenated at 60° for three hours at 50 lbs. The catalyst was filtered from the solution,
the solution concentrated and set aside for crystallization. There was obtained 0.72 g.

5 The furanoside acylated more rapidly than the corresponding pyranoside as expected
in view of the primary hydroxyl group present in the furanoside.
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of ribitylxylidine, m.p. 143-144° (mixed with an authentic sample, gave no depression).
[al} —29.0°; (¢ = 5% in pyridine); [«] —87.5° (¢ = 5% in 2 N HC]).

(b) From -8, 4-zylidine-N-p-ribofuranoside (1). Twenty-five and three-tenths grams of
a-xylidine-N-p-ribofuranoside was suspended in 125 cc. of absolute alecohol and 2.5 g. of
Raney nickel was added. The mixture was hydrogenated at 500 1bs. at 60° for one hour.
The catalyst was filtered from the hot solution and the filtrate was set aside for crystalliza-
tion; yield, 23.0 g. (90%,) of colorless shiny platelets melting sharply at 144°; [a]3 —37.5°;
(¢ = 5% in 2 N HCI).

Tritylation experiments with a-aniline-N-p-ribopyranoside and a-aniline-N-p-furanoside.
a-Aniline-N-p-ribopyranoside and «-aniline-N-p-ribofuranoside (dried in high vacuum
over P,0; at 25° for 24 hours) were tritylated with trityl chloride (dried over anhydrous
CaCl; for 24 hours) in dry pyridine solution at room temperature for five hours and at 5°
for two days.

Five grams of the riboside was mixed with 6.2 g. of trityl chloride in 25 cc. of dry pyridine
in a small ground-glass-stoppered bottle. The resultant brown solutions were poured into
water in a fine stream.

The furanoside reaction mixture yielded a light brown amorphous product. This reac-
tion product was dissolved in ether, extracted with dilute acid and finally washed neutral
with water. The dried ether solution on evaporation yielded a small amount of erystalline
matter (0.7 g.) of an undetermined by-product. Trituration of the residual syrup with
alcohol removed the remainder of the crystalline matter. The alcoholic solution was
treated with Norit and concentrated to dryness invacuo. The resultant glass was dissolved
in dry ether and precipitated with Skellysolve ““B’’ to yield a light brown amorphous solid.
The product was redissolved in ether and again precipitated with Skellysolve “B”’ to yield
a tan amorphous powder which could not be obtained in crystalline form. The product
on analysis corresponded to a monotrityl-a-aniline-p-riboside with water of erystallization.

Anal. Cale’d for CioH2eNO, + 1.75 H,O: C, 72.20; H, 6.25; N, 2.82.

Found: C, 72.06; H, 6.29; N, 2.96.

The pyranoside reaction mixture yielded a reddish oil which was dissolved in ether and
worked up as previously. Concentration of the dried ether solution gave a tarry product
which could not be purified nor could any product be isolated.

The above experiments were repeated with identical results. The furanoside yielded a
tan amorphous product as previously which again gave analysis for the monotrityl product
with water of crystallization.

Anal. Cale’d for CyHyNO, + 1.75 H,O: C, 72.20, H, 6.52.

Found: C, 72.00; H, 6.27.
The pyranoside reaction mass yielded intractable tars.
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SUMMARY

1. Condensation of aryl amines with p-ribose in alcohol or aqueous aleohol
(catalyzed with traces of acid) at low temperatures yields a-arylamine-N-p-
ribopyranosides. If the reactants are condensed at the reflux temperature of
the solvent, a-arylamine-N-p-ribofuranosides are formed.

2. a-Arylamine-N-p-ribopyranosides are converted quantitatively to the
corresponding furanosides in boiling aleohol solution.

3. Hydrogenation of both the arylamine ribopyranoside and the corresponding
arylamine ribofuranoside yields the identical ribitylamine.
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4, Acylation of the furanoside and pyranoside forms yields triacyl derivatives.
Hydrogenation of these triacyl arylamine ribosides yields triacyl ribityl amines.

Nuriey, N. J.
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3,4-Xylidine-N-p-ribofuranoside is an intermediate in the manufacture of
riboflavin (vitamin B,)(1). During the course of the technical development of
its preparation, U. V. Solmssen of these laboratories observed that the addition
of 3,4-xylidine in alcchol to a technieal solution of p-ribose containing scdium
sulfate resulted in the formation of an insoluble “complex salt’”’. This salt
could be hydrogenated directly to yield ribitylxylidine (2). The present authors
undertook the investigation of the reaction in the absence of sodium sulfate and
found that a new class of N-ribosides, which in all probability are a-arylamine-
N-p-ribopyranosides, are formed when the sugar and the arylamine are con-
densed in aleohol or aqueous alcohol at low temperatures. The pyranosides
are converted quantitatively to the corresponding furanosides merely by heating
in alcoholic or aqueous alcoholic solution or can be prepared by direct con-
densation in hot aleoholic solution (3).

Kuhn and co-workers (1, 4) obtained good yields of arylamine-N-glyco-
furanosides by mixing the amine and the sugar in alcohol and boiling. Acid
catalysts such as HCI or ammonium chloride were found desirable in most con-
densations and absolutely necessary in some. Aniline, toluidine, phenetidine,
ete. condensed readily with pentoses and hexoses in hot alcoholic solution in good
vield; however, o-nitroaniline did not react with pentoses and hexoses under
these conditions. Two to five per cent of ammonium chloride catalyzed this
reaction so that yields over 809, were obtained.

The yield of this condensation was influenced greatly by the presence of small
amounts of water in the alcohol. Thus, when p-ribose was condensed with
2-nitro-4,5-dimethylaniline in 989, alcohol, a 309, yield of condensation product
was obtained. If absolute alcohol was used the yield was increased to 609,
or more.

As reported in the first paper in this series (3), aniline condensed with p-ribose
in aleohol or aqueous aleohol solution at room temperature to form «-aniline-
N-p-ribopyranoside in excellent vield (90-969,). The reaction was accelerated
with a trace of acid (pH 4.0) without any change in actual yield. o-Nitroaniline
was condensed with p-ribose under these conditions to yield o-nitroaniline-N-
p-ribopyranoside in excellent yield (94.49,). Various other arylamines as ortho-
chloroaniline, p-carboxyaniline, p-methylaniline, p-methoxyaniline, m-hydroxy-
p-methoxyaniline, a-naphthylamine, and B-naphthylamine reacted with ribose
under the same conditions to give the corresponding N-ribopyranoside in good
yield. Arabinose condensed with aniline under these conditions to give a-
aniline-N -p-arabinopyranoside in 509, yield. The product obtained occurred
as colorless large prisms melting at 130°; []2 +8.9° — —13.2°%; (¢ = 1.99% in
methanol; 48 hrs.; [a]® +68° — —4.3°; (¢ = 3% in pyridine; 48 hrs.).

84
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This material differed from the aniline arabinoside prepared by Hanaoka
(5) whose compound had the following characteristics: m.p. 130°; colorless
plates; [o]® 434.0° — +2.5%; (¢ = 1.09%, in methanol).

A preparation of aniline arabinoside, according to the method described by
Hanaoka, had the following characteristics :m.p. 130°; colorless plates; [o] ® 4-27.4°
— —8.0°% (¢ = 1.6% in methanol; 24 hrs.); [a]® +82° — 41.48°; (¢ = 2.0%,
in pyridine; 24 hrs.).

Following the observation of Solmssen, we have found that arylamine-N-p-
ribopyranosides are characterized generally by the ability to form “complex
salts”” with the soluble salts of alkali metals (preferably at pH 4), which separate
from aqueous alcohol,! and which contain the organic matter in a loose com-
bination with the salt used. Sodium sulfate, lithium sulfate, sodium aecid
phosphate, sodium nitrate, potassium sulfate, sodium acetate, sodium citrate,
etc. were among the salts that were used to form the “complex salt”. The
pyranoside was extracted quantitatively from the “complex salt” by extraction
with dioxane (acetone or pyridine), filtering and adding carbon tetrachloride
to precipitate the N-ribopyranoside with varying amounts of solvent of crystal-
lization. The pyranoside was also isolated from the “complex salt” by tri-
turation and digestion with cold water, but this was a tedious process accom-
panied with losses. Extractions of the “complex salt’” with hot aleohol (which
converted the pyranoside to the furanoside) gave the N-ribofuranoside in ex-
cellent yield.

Crystalline p-ribose was isolated in pure form from aqueous solutions con-
taining crude p-ribose and salts in varying concentration (up to saturation)
by utilization of this unique ‘“‘complex salt”’ formation. Aniline was dissolved
in sufficient alcohol to make a 309, aqueous alcohol solution when mixed with
the aqueous crude sugar solution containing salts, and added to the solution
(whose pH was brought to 4.0 with dilute H»SO,) with stirring. The reaction
was kept at 25° for one hour and set in the refrigerator at +5° overnight. The
‘“‘complex salt’’ obtained contained the ribose in the form of «-aniline-N-p-
ribopyranoside loosely joined with varying amounts of salt. The yield of
pyranoside (based on Fehling titration and/or extraction) ranged from 859,
to 959,. The pyranoside, either in pure crystalline form or in the form of the
“complex salt”, was then hydrolyzed to regenerate p-ribose and aniline. A
more detailed discussion of this reaction will be reported in another paper in
this series.

The pyranoside in the “complex salt” form can be hydrogenated directly,
and the reduction products then separated from the accompanying salts. Thus
a solution of p-ribose, prepared by the electrolytic reduction of p-ribonolactone

1 When acetone or dioxane wasg substituted for alcohol in the preparation of the ‘‘complex
salt,” there was a considerable drop in yield. However, aqueous alcoholic solutions con-
taining as little as 5% alcohol were used successfully with little change in the resultant
yield. It wasfound that enough alcohol to keep the amine in solution and still not precipi-
tate much of the salts present was the most satisfactory mixed solvent and gave the maxi-
mum yields. An aqueous aleohol solution containing 309, water by volume was generally
used.
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in an electrolytic solution of sodium sulfate, was condensed with an alcoholic
solution of aniline (also 3,4-xylidine) in the usual manner. The ‘“complex
salt” precipitate obtained was separated and hydrogenated in aleohol with
Raney nickel to give N-ribitylaniline (or N-ribityl-3,4-xylidine) in excellent
yields.

p-Glucose, p-arabinose, p-galactose, L-sorbose, D-xylose, and fructose did
not form “‘complex salts” which separate when condensed with aniline in aqueous
aleohol in the presence of sodium sulfate, whereas p-mannose and p-lyxose did
form ‘‘complex salts” under these conditions. Indications are that sugars
with hydroxyls in the 2- and 3-position in cis-configuration favor the formation
of N-glycopyranoside “‘complex salts”.

The ability to form these “complex salts’” was used to separate a prepared
mixture of ribose and arabinose in fair yield. Equal parts of ribose and arabinose
were condensed with one mole of aniline in the presence of sodium sulfate in the
usual manner. The complex obtained yielded «-aniline-N-p-ribopyranoside
in 679, yield on extraction.

The utilization of this unique property of N-ribopyranosides (also N-manno-
and N-lyxo-pyranosides) would perhaps facilitate the separation of these sugars
from crude reaction liquors containing salts or other impurities.

EXPERIMENTAL

Preparaiton of substituted aniline-N-p-ribopyranosides. General procedure. Two grams
of crystalline p-ribose was disgolved in 25 cc. of 959, ethyl alcohol. One drop of 3 N sulfuric
acid was added. Two grams (slight excess) of the required amine (substituted aniline)
was added with stirring. The reaction was kept at room temperature for two hours and
then set in the refrigerator at 5° overnight. The product that erystallized out was filtered
off, washed with cold aleohol, and finally with dry ether. The product was dried at room
temperature and submitted for analysis as such. The yields were excellent; in some in-
stances quantitative.

Table I lists the physical constants and the analysis of the compounds prepared.

a-Aniline-N-p-arabinopyranoside. Five grams of p-arabinose was dissolved in 35 ce. of
water and 4 ce. of aniline dissolved in 15 cc. of alcohol was added with stirring. The mix-
ture was set aside at 5° for two days after standing at room temperature for ten minutes.
The reaction mixture was then concentrated to dryness in vacuo at 35°. The residual syrup
was crystallized from alcohol and ether to yield 3.5 g. of large colorless prisms melting
at 130°. The mother liquor gave another crop (1.0 g.) on concentration (total yield: 549%);
[a)n +8.9° - —13.2°; (¢ = 1.9% in methanol; 48 hrs.); lal5 +68.0° — —4.3°%; (¢ = 3.0% in
pyridine; 24 hrs.).

a-Aniline-N-p-arabinofuranoside. Prepared according to the directions of Hanaoka (5)
an aniline arabinoside was obtained which occurred as colorless plates (from alcohol)
melting at 130°%; lalp +27.4° — ~8.0° (¢ = 1.6% in methanol; 24 hrs.}; [a]h +82° —
+1.48°; (¢ = 2.0% in pyridine; 24 hrs.).

Hanaoka (5) reported the melting point 130° (colorless plates); [alh 4-34.0° — +2.5%
(¢ = 1.0% in methanol).

A mixed melting point of the two aniline arabinosides gave no appreciable depression
(129-130°). Aniline-N-p-ribopyranosides and -furanosides as a rule do not give depressions
in mixed melting points.

a-Aniline-N-p-ribopyranoside-Na;S04 complex. Crude p-ribose (1.39 g.) was dissolved
in 25 cc. of 9% sodium sulfate solution and 7 cc. of alcohol was added. The pH was adjusted
to 4.0 with 3 N sulfurie acid, and 1 cec. of aniline dissolved in 5.5 cc. of alcohol was added
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with stirring. The mixture was stirred at 25° for one hour, and set in the refrigerator at 5°
overnight. The ‘““complex salt’’ mass was filtered off, triturated with ten volumes of abso-
lute aleohol, and filtered again. After drying in vacuo at 25°, the white precipitate (aniline
ribopyranoside ‘‘complex salt’’) weighed 3.9 g. Analysis indicated that it contained 1.81 g.
of riboside equivalent to an 87.5%, yield.?

Other salts were used to form a similar ‘‘complex salt’’ in varying yields employing the
above conditions, e.g.: lithium sulfate (209 yield), sodium hydrogen phosphate (43%),
sodium nitrate (85%), potassium sulfate (36%), sodium acetate (68%).

p-Mannose and p-lyxose formed similar ‘‘complex salts’’ with aniline and sodium sulfate
under the above conditions. »-Glucose, p-arabinose, p-galactose, p-xylose, as well as
fructose, and L-sorbose did not react at all.

Isolation of a-aniline-N-p-ribopyranoside from ‘‘complex salt.”’ «-Aniline-N-p-ribo-
pyranoside-sodium sulfate ‘‘complex salt’’ (containing 1.81 g. riboside) was extracted with
20 volumes of dry acetone on the shaking machine for two hours. The salts were filtered
off through a Hyflo matte and the solution was concentrated to dryness in vacuo to yield
1.78 g. of pure a-aniline-N-p-ribopyranoside, m.p. 124-126°; {al5 +61.6°; (¢ = 4% in pyri-
dine, initial rotation).

The pyranoside was also extracted quantitatively from the ‘‘complex salt” with anhy-
drous dioxane and recovered by precipitation with carbon tetrachloride to yield a riboside
with varying amounts of dioxane of crystallization. Pyridine was also used to remove the
organic matter from the ‘‘complex salt’’ but isolation of the pure pyranoside from the pyri-
dine wag difficult. The product was obtained in pure form from pyridine only if the solvent
was removed in high vacuum at 0° to 5°. Higher temperatures caused excessive decom-
position. The product obtained through pyridine decomposed more rapidly than the
pyranoside isolated viaz acetone or dioxane.

a-Aniline-N-p-ribofuranoside from ‘‘complex salt.”’ a-Aniline-N-p-ribopyranoside
“‘complex salt” (50 g., containing the equivalent of 24.75 g. of pyranoside as determined by
titration) was extracted with 400 ce. of boiling alcohol for thirty minutes. The hot solution
was filtered through a Hyflo matte. The alcohol solution on cooling deposited 18.0 g. of
a-aniline-N-p-ribofuranoside, m.p. 138-140°; [a]h +176° — 156°. The alcoholic mother
liquor was concentrated in vacuo to yield 6.3 g. of additional material melting at 137-139°.
The total yield was 24.3 g., equivalent to 98%,.

a-8,4-Xylidine-N-p-ribopyranoside ‘‘complex salt.”” «-3,4-Xylidine-N-p-ribopyrano-
side-sodium sulfate ‘‘complex salt’”’ was prepared from an electrolyte solution containing
p-ribose and sodium sulfate and 3,4-xylidine in alcohol, following the procedure for the
corresponding aniline ‘‘complex salt.”” Excellent yields (85-905%) were obtained. The
“complex salt’’ obtained was dried in vacuo at 25° and analyzed as follows:

Anal. Cale’d for 5 Ci;HueNO4-3 Na,S04-4 H,O: C, 44.25; H, 5.84; N, 3.97; Na, 7.83.

Found: C,44.08; H,6.00; N,4.07; Na, 7.96.

Subsequent runs contained varying amounts of salt and water depending upon the
amount of salt present initially, the concentration of alcohol used, the temperature of pre-
cipitation, and the amount of drying.

Extraction of the “complex salt”’ with acetone (or dioxane) gave pure «-3,4-xylidine
ribopyranoside, m.p. 110-112°; la}3 494.5° — +53.0°; (¢ = 1.0% in pyridine), in good yield.
When extracted with hot alcohol, the corresponding furanoside, m.p. 128-129°; (o] +172°;
(¢ = 6% in pyridine), was obtained.

Hydrogenation of a-aniline-N-p-ribopyrancside-sodium sulfate ‘‘ complex salt.”” Twenty
grams of a-aniline-N-p-ribopyranoside-sodium sulfate ‘‘complex salt” (70.05% riboside by
weight) was suspended in 120 cc. of dry alcohol and 3 g. of Raney nickel added. The mix-
ture was hydrogenated at 65° at 50 1bs. for eight hours. The catalyst and salts were filtered
off and the solution was concentrated to dryness. The residue was extracted with boiling

2 The amount of riboside in the *‘ complex salt’’ was determined quantitatively by titra-
tion with Fehling solution (reference to preceding paper for method employed). Extrac-
tion of the riboside from the ‘“complex galt’”’ gave yields in agreement with titrated value.
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aleohol and set aside for crystallization. On cooling, 13.0 g. (92%) of p-ribitylaniline,
m.p. 125-127°; [a]h —42.0°%; (¢ = 2.7% in pyridine), was obtained.

Separation of p-ribose from D-arabinose by means of aniline ‘‘complex salt’’ formation.
One gram of p-ribose and one gram of p-arabinose were dissolved in 14 cc. of 9% sodium
sulfate solution. The pH was adjusted to 4.0 and 1 cc. of aniline in 3.5 cc. of alcohol was
added. The mixture was stirred at room temperature for two hours and set in the refrigera-
tor overnight. The complex formed was filtered off, washed with alcohol, and dried. Ti-
tration indicated that 1.0 g. of pentoside was present in the ‘‘complex salt’ (67%). Ex-
traction of the ‘“complex salt’’ with acetone, concentration of the acetone solution to dry-
ness, and trituration with alcohol yielded «-aniline-N-p-ribopyranoside +1/2 H,0; m.p.
117-119°; {al® +55.7° — +47.3°%; (¢ = 1.19 in pyridine).

Anal. Cale’d for CiHsNOy: C. 56.40; H, 6.84.

Found: C, 56.14; H, 6.79.

Pure a-aniline-N-p-ribopyranoside +1/2 H,0, melts at 125-127°; [a]® 463.4° — +48.6°;
(¢ = 1.0% in pyridine; 48 hrs.).

Pure a-aniline-N-p-arabinopyranoside melts at 130°; o]y +68.0° —» —4.25% (¢ = 3%
in pyridine; 24 hrs.).

The melting point and the optical rotation indicated that the product that was isolated
contained more of the beta form than usually present. A mixture with an authentic sample
of «-aniline-N-p-ribopyranoside (m.p. 125-127°) melted at 120-122°. A mixed melting
point with an authentic sample of «-aniline-N-p-arabinopyranoside (m.p. 130°) gave a
depression (110-112°).
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SUMMARY

1. Several substituted aniline bases (and naphthylamine) were condensed
with p-ribose in aqueous alcohol solution at low temperatures to give the cor-
responding arylamine-N-p-ribopyranosides in excellent yield.

2. Aniline was condensed under these conditions with p-arabinose to yield
a-aniline-N-p-arabinopyranoside.

3. Arylamine-N-p-ribopyranosides are characterized by the ability to form
“complex salts’”” with the soluble salts of the alkali metals, which contain the
pyranoside in a loose combination with the inorganic salt.

4. The N-p-ribopyranoside was obtained in almost quantitative yield by
extraction of the ‘“‘complex salt’” with suitable solvents. Extraction of the
“‘complex salts” with hot alecohol yielded the N-p-ribofuranoside in excellent
yield.

5. The ribopyranoside ‘‘complex salt” was hydrogenated directly to the
corresponding ribitylamine in excellent yield.

6. Sugars containing hydroxyls in the 2- and 3-position in cis-configuration
as D-mannose and D-lyxose formed N-glycopyranoside “complex salts”” while
other sugars not possessing hydroxyls in that configuration did not form these
“‘complex salts”.
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7. This unique property was used to separate a prepared mixture of p-ribose
and Dp-arabinose.

NurLey, N. J.
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The hydrolytic decomposition of arylamine-N-glycosides as a method for the
preparation of rare sugars and their derivatives has not been reported, although
the ease of hydrolysis and decomposition of aromatic N-glycosides is well known.
Irvine and Moodie (1) determined the N-glycoside nature of glucose anilide by
hydrolyzing a methylated glucose anilide with mineral acid and identifying the
methylated glucose obtained. Irvine and McNicoll (2) reported that mannose
anilide could be hydrolyzed with technical wet ether and in a later paper Irvine
and Hynd (3) reported that glucose alanide could not be recrystallized, as it
decomposed immediately on heating. Weygand (4) reported that p-toluidine-
p-glucoside decomposed to a tarry mass when exposed to the vapors of a drop
of glacial acetic acid in a vacuum desiccator.

As a result of a study of the rate of hydrolysis of various substituted aniline-
N-glycosides, Hanaoka (5) reported that the introduction of the hydroxyl,
methoxyl, ethoxyl, or methyl group on the ring decreased the stability of the
N-glycoside linkage to acids, while chlorine, and especially the carboxyl group
increased the stability. This has been confirmed with a study of the stability
of the aniline ribosides and 3,4-dimethylaniline ribosides, whether in the pyrano-
side or furanoside form. The latter are comparatively unstable while the aniline-
N-ribosides were stable for several weeks at room temperature and have been
kept without noticeable decomposition in a sealed container at 5° for over six
months. Traces of impurities, moisture, as well as high temperature accelerated
the decomposition.

By a selection of mild conditions it was found that the hydrolysis of arylamine-
N-p-ribopyranosides and arylamine-N-p-ribofuranosides could be effected prac-
tically quantitatively and the sugar easily obtained in a crystalline condition.
The hydrolysis was effected by refluxing in water or aqueous alcohol solution or
suspension, catalyzed by small amounts of dilute acetic acid. It was found
convenient to remove the aniline formed by steam distillation, or by binding up
with aldehydes such as formaldehyde and benzaldehyde in Schiff bases. The
resultant aqueous sugar solution was concentrated to a clear syrup in vacuo
and crystallized from absolute ethyl alcohol. The presence of a non-oxidizing
atmosphere (as nitrogen) was advantageous but not necessary. The Schiff
base formed when aldehydes were used, was extracted with benzene or ether,
and subsequently hydrolyzed to regenerate aniline and the aldehyde. Recovery
of these materials reduced the cost of operation in the preparation of large batches
of riboge in this manner. The pyranoside was hydrolyzed also in the form of the

91
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‘“‘complex salt” obtained from the condensation of the aromatic amine and
D-ribose in the presence of alkali metal salts (6). The sugar obtained erystallized
readily from ethy! alechol in yields of 70-909, of pure crystalline p-ribose,
m.p. 86-87°; [a]¥ —19.6°; (¢ = 4.0% in H,0.)

p-Ribose has been prepared by hydrolysis of nuecleic acid, nucleotides, nu-
cleosides, and their degradation products as guanosine or adenosine. Chem-
ically, it has been synthesized from bp-arabinose according to the method of
Fisher and Piloty (7) and Alberda v. Ekenstein and Blanksma (8) by reduction
of p-ribonolactone (prepared by epimerization of p-arabonic acid in aqueous
pyridine) with sodium amalgam; or according to the method of Gehrke and
Aichner (9), modified by Austin and Humoller (10), and Steiger (11), by oxida-
tion of p-arabinal with perbenzoic acid to give a mixture of p-arabinose and
p-ribose.

The syrupy ribose obtained by these methods could not be crystallized directly
even in the presence of mere traces of impurities. The sugar was obtained in
a crystalline state through decomposition of its p-bromophenylhydrazone, or
diphenylhydrazone derivatives with formaldehyde or benzaldehyde. The
yields of crystalline ribose obtained were low and the product cbtained was
usually of a low grade of purity and required several recrystallizations. The
quality of the p-ribose obtained was improved when pure p-bromphenylhydrazine
was prepared and condensed with the erude ribose and the hydrazone isolated
was purified carefully by crystallizations (11).

In contrast, crystalline D-ribose was obtained directly in good yields from
crude syrups obtained by the reduction of p-ribonolactone, by conversion to
a-aniline-N-p-ribofuranoside (prepared in excellent yield by boiling the syrup
in aleohol with a slight excess of aniline) and subsequent hydrolysis. Dp-Ribose
was also isolated in a pure crystalline state in good yield from reduction liquors
containing p-ribose and electrolyte salts by means of the e-aniline-N-p-ribo-
pyranoside ‘“‘complex salt”” and direct hydrolysis of the “complex salt’” obtained.

The hydrolysis method was applied to triacylated N-ribosides derived from
two isomeric aniline ribosides (a-aniline-N-p-ribopyranocside and «-aniline-N-
p-ribofuranoside) (12). These yielded triacyl derivatives which are tentatively
designated as 2,3,4- or 2,3,5-triacyl derivatives of ribose depending upon
whether they were derived from the pyranoside or the furanoside form, on the
assumption that no acyl migration occurred during acylation of the ribosides
or the subsequent hydrolysis. The acylated riboses were obtained in good yield.
The products were hygroscopic syrups or glasses and could not be brought to
crystallization.

The exact structure of these acylated riboses has not as yet been determined.
The close agreement of the optical rotations of the two triacetylriboses obtained
might seem to indicate that ring opening and acyl migration may have occurred
in one of the ribosides. Methylation studies of these acylriboses gave mixtures
of partially methylated syrups of undetermined structure, from which conclusions
as the structure of the acyl sugars could not be drawn. The designation of the
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products obtained as 2,3,4- or 2,3,5-triacylriboses is therefore to be regarded
as tentative.

EXPERIMENTAL

Hydrolysis of a-aniline-N -p-riboside (pyranoside or furanoside). Method I. Four grams
of a-aniline-N-p-ribopyranoside was suspended in 200 ce. of water containing 0.259, acetic
acid. Steam was injected until all the aniline was removed. The light yellow solution was
treated with a small amount of Norit, filtered, and concentrated to dryness ¢n vacuo at
30-35°. The residual syrup was dissolved in absolute alcohol and dried by concentration
in vacuo. A light yellow syrup weighing 3.0 g. was obtained. It was dissolved in 4-5 cc.
of absolute alcohol with slight warming, seeded, and set in the refrigerator for erystalliza-
tion. The whole mass crystallized in several hours, was filtered off, and washed with cold
alcohol and ether There was obtained 2.3 g. of crystalline p-ribose (869 yield), melting
at 86-87°; [a]¥ —19.6°% (c = 4% in water); [alp —43.3°; (¢ = 1.5% in pyridine).

Method II. Forty-five grams of a-aniline-N-p-ribofuranoside was suspended in 2250 cc.
of hot water in a 5-liter 3-neck flask equipped with a stirrer, dropping-funnel, and a con-
denser. The reaction mixture was heated until the glycoside dissolved, and 35 cc. of benzal-
dehyde was added at this point. The mixture was refluxed for one-half hour under nitro-
gen, cooled, and the solid benzalaniline filtered off. The aqueous layer was extracted with
ether to remove the final traces of benzalaniline, decolorized with Norit, and concentrated to
dryness in vacuo at 30-35°. The residual syrup was dried by alcohol reconcentrations and
crystallized from absolute alcohol in the ratio of 5 g. of syrup to 5.6 cc. of absolute ethyl
alcohol. On seeding, crystalline ribose was obtained in excellent yield (90%) melting at
86-87°.

Hydrolysis of wa-aniline-N-p-ribopyranoside-sodium sulfate complez. To 200 cec. of
water containing 0.25% acetic acid was added 16.0 g. of «-aniline-N-p-ribopyranoside-so-
dium sulfate ‘‘complex salt,”’ equivalent to 7.9 g. of pure riboside. The solution was steam
distilled under nitrogen until all the aniline was removed. The aqueous liquors were
treated with a small amount of Norit, filtered, and concentrated to dryness in vacuo at
30-35°. The residue was extracted twice with warm aleohol, filtered, and evaporated to
dryness in vacuo. The syrup obtained crystallized immediately on seeding to yield pure
crystalline p-ribose in 73% yield, m.p. 84-86°; [a]p —19.4°; (¢ = 1% in water).

The pyranoside complex was hydrolyzed aceording to method II to yield pure ribose in
719, yield.

Hydrolysis of «-2,8,4-triacetyl antline-N-p-ribopyranoside. Ten grams of «-2,3,4-
triacetyl aniline-N-p-ribopyranoside was dissolved in 25 cc. of ethyl aleohol and added to
400 cc. of a 0.5% acetic acid solution. The solution was steam distilled until all the aniline
was removed. The aqueous solution was treated with Norit, filtered, and concentrated to
dryness in vacuo as previously. The resultant syrup was dried via repeated alcohol distilla-
tions. There was obtained 5.0 g. of a clear colorless thick syrup that could not be crystal-
lized. The syrup was readily soluble in alcohol and ethyl acetate (p-ribose is insoluble in
cold alecohol and ethyl acetate). The syrupy 2,3,4-triacetylribose was dried at 100° for
six hours and analyzed.

Anal. Cale’d for CiiH10s: C, 47.82; H, 5.80; Acetyl, 46.7.

Found: C, 47.58; H, 5.86; Acetyl, 40.9.!

The 2,3,4-triacetylribose was very hygroscopic and adsorbed 8-109% of water on stand-
ing. Dried at room temperature in vacuo over P;0;, it retained 1/2 mole of water; [a]d
—26.3% (¢ = 1.3% in water).

Hydrolysis of «-2,8,6-triacetyl aniline-N-p-ribofuranoside. Three grams of «-2,3,5-
triacetyl-N-p-ribofuranoside was suspended in 200 cc. of water and 1 cc. of glacial acetic

1 As reported in Part I (12), micro acetyl determinations of the compounds in this series
gave consistently low values although the carbon and the hydrogen values agreed with the
theoretical.
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acid was added. The mixture was steam distilled to remove the aniline and worked up as
above. The clear viscous syrup obtained was dried via repeated alcohol distillations. It
was soluble in cold alcohol and ethyl acetate but could not be obtained in a crystalline
state. The syrup was hygroscopic and gave up its water very slowly. It was dried at
100° in high vacuum over P:;0; for several hours and analyzed.

Anal. Cale’d for C\Hys0s: C, 47.82; H, 5.80; Acetyl, 46.7.

Found: C, 47.45; H, 6.06; Acetyl, 41.52

la]p —24.2% (¢ = 0.89% in water).

Hydrolysis of «-2,8,4-tribenzoyl aniline-N-p-ribopyranoside. In a one-liter flask
equipped with a stirrer, condenser, and gas inlet tube were placed 18.0 g. of a-2,3,4-triben-
zoyl aniline-N-p-ribopyranoside, 50 cc. of benzaldehyde dissolved in 500 cc. of ethyl al-
cohol, and 100 cc. of water. The mixture was refluxed for one hour under nitrogen. The
reaction was then brought to pH 3.5 with dilute acid, and apparatus arranged for steam
distillation. The steam distillation was continued until all the volatile matter had been
removed (four hours). The solution was then cooled and the mass that precipitated out
was extracted with ether. The wet ether solution was treated with Norit to decolorize the
brown solution and the solution was dried over anhydrous Na;S0, overnight. On evapora-
tion of the dry ether, there remained 9.9 g. of a yellow-brown glass which could not be
brought to erystallization. Drying in vacuo for six hours over P_.O; at 100°, the glass was
converted to a yellow amorphous powder.

Anal. Calc’d for CQGHZZO&: C, 6750, H, 4.76.

Found: C, 67.34; H, 4.96.
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SUMMARY

1. Hydrolysis of aromatic N-p-ribopyranosides and aromatic N-p-ribofurano-
sides with water, catalyzed with acids or bases, or in the presence of aldehydes
as formaldehyde and benzaldehyde regenerated the original amine and p-ribose
in good yield. The p-ribose was readily obtained in pure crystalline form from
this reaction.

2. Aromatic N-p-ribopyranoside ‘“complex salts” were hydrolyzed in this
manner to yield crystalline p-ribose.

3. Triacyl aromatic N-ribosides were hydrolyzed to yield triacylriboses.

Nurrey, N. J.
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The use of methone (5,5-dimethyldihydroresorcinol) as a reagent for the
identification and characterization of aldehydes is well known (1, 2, 3, 4, 5). A
disadvantage attending the use of methone has been the lack of agreement on
conditions recommended for the preparation of derivatives and a lack of data
obtained by proposed general methods. A method for the characterization of
aldehydes with methone, applicable to aliphatic and aromatic aldehydes, is
described in the experimental section. The aldehyde is treated with methone
in aqueous aleohol solution; a drop of piperidine is added as a catalyst, and a five
minute reflux period suffices to complete the reaction. The crystalline methone
derivatives (I) can be isolated readily and in good yield. The conditions de-
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seribed were satisfactory in all cases which were examined. The melting points
- of the derivatives are in Tables I and II. «,B-Unsaturated aldehydes and
o-hydroxy aromatic aldehydes yield products differing in structure from the
normal derivatives (I), but these products are formed in excellent yield, and
serve equally well as derivatives. The structure assigned to the salicylaldehyde
product is that of an octahydroxanthene (II, R = o-hydroxyphenyl) (6), al-
though an alternate structure (IIT) has also been suggested (7). There is no
proof of structure at hand for the compounds obtained with «,B-unsaturated
aldehydes, but since they do not undergo a dehydration reaction under conditions
suitable for the usual derivatives we believe they may have a pyran structure as
in IV,
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It has been known for a long time that a variety of dehydration conditions will
convert the normal derivatives (I) into octahydroxanthenes (IT). Heating in
acetic anhydride is the usual method; sulfuric acid and hydrogen chloride in
alcohol have also been used. Prolonged heating in acetic acid alone has also
been employed in some cases. An investigation of this reaction has shown that
with one exception the cyclization can be effected through the relatively simple
process of recrystallizing the methone derivative from aqueous alcohol to which
a few drops of concentrated hydrochloric acid has been added. A routine

TABLE I
ALIPHATIC ALDEHYDES

DERIVATIVE I DERIVATIVE II
ALDEHYDE
MP.,°C Ref MP., °C Ref.
Formaldehyde- 191-191.5 1,2,3,4 — 1,2
Acetaldehyde® 141-142 1,2,3,4 176-177 1,2,3
Glyoxal® 228 2 170 2
Glyoxylic acid? 239 2 245 2
Acrolein? 192 1 162-163 1
135 2 170-188 2
Propionaldehyde= 157-158 2,4 141.5-143 1,2
Crotonaldehyde® 193-194 1,2,8,9 — 1,2
Butyraldehyde® 134-135 2,4 135136 2
Isobutyraldehydes 153-154.5 2,10 154-155.5 2
Allylacetaldehyde® 98 11 — —
n-Valeraldehyde® 107-109 4 112-113¢ —
Isovaleraldehyde? 154-155 1 172-173 1
137 2 168 2
Hexanal? 108.5 4 — —
Heptanals 101-103 1,2, 4 110.5-112 1,2
Qctanal® 89.8 4 — —
Nonanal® 86.3 4 — —
Decanal? 91.7 4 — —
Citronellal® 77-79 1 173 1
70-71 3

s Melting point values are from this work and are corrected.
b Melting point values are from the literature.
¢ Anal. Cale’d for CyH;005: C, 76.32; H, 9.15. Found: C, 76.31; H, 9.35.

procedure, described in the experimental section, has been applied to a number
of derivatives, and the melting points of the products are listed in Tables I and II.
All methone derivatives (I) yielded octahydroxanthenes except the compound
derived from formaldehyde, which was recovered unchanged. Cyclization of
this derivative requires more vigorous conditions (1, 2). It was also found that
this cyclization procedure was not applicable to the products obtained from
a,B-unsaturated aldehydes or to those from o-hydroxy aromatic aldehydes.
The cyclization requires a reaction period of approximately five minutes, and
the yield is often very nearly quantitative. The octahydroxanthenes (II) are
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TABLE II
AROMATIC ALDEHYDES
DERIVATIVE I DERIVATIVE II
ALDEHYDE
MP., °C Ref. MP,, °C Ref
Benzaldehyde® 194-195 6,7,12 204-205.5 | 6,7, 12
Salicylaldehyde« 205-206 1,3,6,7 — 6,7
p-Hydroxybenzaldehyde? 188-190 1 246 1
184 7 208-209 7
2,4-Dihydroxybenzaldehyde® 225-226 7 — —
3,4-Dihydroxybenzaldehyde 145 dec. 7 — —
m-Nitrobenzaldehydes 197-198 ¢ 7 171.5-172.5 | 7
p-Nitrobenzaldehyde?® 188-190 7 222 7
0-Chlorobenzaldehyde? 205 1 224-226 1
o-Tolualdehyde® 166-1674 — 213.5-215¢ —
m-Tolualdehyde® 171-172.5¢ — 205-2079 —
Phenylacetaldehyde? 164-165 13 125-126 13
o-Methoxybenzaldehyde= 187-188 6 190-191 6
Anisaldehyde® 142-143 1,3,7 241-243 1,7
Piperonale 175.5-177 1,3,7 218.5-220 1,7
2-Hydroxy-3-methoxybenzaldehyde* 2322344 — — —
Vanilline® 195.5-196.5 | 1,3,7 226-228 1
Cinnamaldehyde® 215-217 1,7 — 1,7
2,3-Dimethoxybenzaldehyde® 149-150¢ — 168-1697 —_
Veratraldehyde® 173-174F — 184-185.5¢ —
p-Dimethylaminobenzaldehyde® 104.5-195.5 | 1,14 220-222 14
Acetylvanillin® 167 3 148-149 7
Cuminal® 170-171 1 172-173 1

e Melting point values are from this work and are corrected.
b Melting point values are from the literature.

¢ Anal.

4 Anal.

¢ Anal.

! Anal.

7 Anal.

b Anal.

i Anal.

i Anal.

k Anal.

t Anal.

Calc’d for CzaH21NOGZ C, 6681, H, 6.58.
Found: C, 67.09; H, 6.59.

Cale’d for Cz4HaoO4: C, 7536, H, 7.01.
Found: C, 75.41; H, 8.02.

Cale’d for Czq,stOs: C, 7909, H, 7.74.
Found: C, 79.23; H, 7.83.

Calc’d for Cz4HaoO4: C, 7536, H, 7.91.
Found: C, 75.21; H, 7.90.

Cale’d for CH,505: C, 79.09; H, 7.74.
Found: C, 78.85; H, 7.81.

Calc’d fOI‘ C24H23052 C, 7270, H, 7.12.
Found: C, 72.82; H, 7.27.

C&].C’d for CstszOs: C, 7007, H, 7.53.
Found: C, 70.35; H, 7.74.

Cale’d for CyH;005: C, 73.14; H, 7.37.
Found: C, 73.14; H, 7.25.

Cale’d for CpsH,3004: C, 70.07; H, 7.53.
Found: C, 70.14; H, 7.65.

Calc’d for CstagOs: C, 7314, H, 7.37.
Found: C, 72.68; H, 7.32.
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colorless crystalline products, varying considerably in melting point with
variations in the R group. For purposes of identification of aldehydes, a combi-
nation of the two reactions offers the advantage that two derivatives may be
obtained from one reaction of the original aldehyde. The methone derivative
(I) may be prepared and after the melting point determination a cyclization can
be carried out to yield a second derivative (II). This procedure may be of
particular value when only small amounts of aldehyde are available.

EXPERIMENTAL

Reagents. Methone and piperidine were obtained from the Eastman Kodak Co. Alde-
hydes were commercial or laboratory preparations; liquid aldehydes were distilled before
use.

Melting Potnts. Melting points up to 230° were taken in a stirred bath and are corrected.
A metal block was used for higher temperatures.

Aliphatic aldehydes: Methone derivatives (I). To 4 ec. of 509 ethanol-water were added
400 mg. of methone and 0.10 cc. of the aliphatic aldehyde. One drop of piperidine? was
added, and the mixture was heated under reflux on a steam-bath for 5 minutes. In cases
where the solution was still clear at the end of this period, water was added dropwise to the
cloud point. After chilling the reaction mixture, the derivative was separated by filtration,
and washed with 509, ethanol-water.

The time required for crystallization of the product varied with individual aldehydes.
In some cases crystalline derivatives separated during the reflux period; in other cases
the addition of a little water was necessary; and in a few cases the derivative separated as
an oil which crystallized readily on cooling and stirring. The yield was usually above 300
mg. Recrystallization, which was necessary in most cases, was effected from aqueous
methanol. All derivatives were colorless.

Aliphatic aldehydes: Cyclization fo 2,2,7,7-tetramethyl-4,5-diketo-9-alkyloctahydrozan-
thenes (II). One hundred milligrams of the methone derivative (I) was dissolved in 3 to 4
ce. (as required) of hot 809, ethanol-water, and one drop of cone’d hydrochloric acid was
added. The solution was heated under reflux for 5 minutes. Water was added dropwise
to the cloud point, and after cooling and chilling, the xanthenes were obtained by filtration
and washing with aqueous ethanol.

These derivatives crystallized readily, and were obtained in good yield (usually over 80
mg.). They were of a high degree of purity, and usually did not require recrystallization.
Where necessary, recrystallization was effected from aqueous methanol. All derivatives
were colorless.

Aromatic aldehydes: Methone derivatives (I). The general procedure for aliphatic alde-
hydes was followed except that the amount of methone used was 300 mg. - The amount of
aldehyde was 0.10 cc. for liquids and 100 mg. for solids.

The derivatives usually appeared in erystalline form during the addition of water; oiling
oceurred in very few instances. Yields were usually nearly quantitative. Recrystalliza-
tion, where necessary, was effected from aqueous methanol. All derivatives were colorless,
except that from p-dimethylaminobenzaldehyde, which was bright yellow.

Aromatic aldehydes: Cyclization to 2,2,7,7-tetramethyl-4,8-diketo-9-aryloctahydrozan-
thenes (II). The procedure for aliphatic aldehydes was followed, but slightly larger
amounts of solvent were required in some cases. These derivatives crystallized readily, in
a high degree of purity, and usually were obtained in nearly quantitative yield. Recrystal-
lization, where necessary, was effected from aqueous methanol. All derivatives were
colorless.

2 The use of piperidine as a catalyst in dihydroresorcinol-aldehyde condensations was
apparently first suggested by Desai (6).
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In the case of the octahydroxanthene from p-dimethylaminobenzaldehyde, the solution
was buffered with 4 M sodium acetate solution after cyclization was completed. This
derivative was soluble in dilute hydrochlorie acid.

SUMMARY

A general procedure for the preparation of methone derivatives of aldehydes
has been applied to a number of aliphatic and aromatic aldehydes., It has been
found that the cyclization of the derivatives to octahydroxanthenes may be
accomplished readily by crystallization from aqueous alcohol containing a little
hydrochloric acid, and that this procedure may be utilized for the preparation
of a second set of derivatives.

ANN ArBOR, MicH.
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Certain amino aleohols, notably the cinchona alkaloids, e.g., quinine, and some
4-quinoline methanols, -e.g., a-(6'-methoxy-1’-quinolyl)-g-di-n-butylamino-
ethanol, have been found to possess antimalarial activity (1, 2, 3, 4, 5). Both
these types of compounds possess the grouping ArCHOHCHN—. In order to

evaluate the g-dialkylaminoethanol moiety, compounds of structure (II) were
synthesized according to the following scheme:

Br@COCH;Br + 2R,NH —> Br@COCHgNRz + R,NH,Br
I
AI(OCHMe,),
v

Br@CHOHCH,NRz

II

in I where NR; = N(C.Hj)s, IIT; hydrobromide, IV; hydrochloride, V
= N(C;Hsn);, VI; hydrobromide, VII; hydrochloride, VIII
= N(CHg¢n)e, IX; hydrobromide, X
= NC;Hy,,’ XI; hydrochloride, XII
in IT where NR; = NH(C:H;),* Br—, XIII
= NH(C:;H7-TL)2+ BI‘_, X1V
= NH(C.Hyn),* Br-, XV
= NHCH;,* Cl-, XVI

The p-bromophenyl group was chosen because of its nearly identical molecular
weight to the methoxyquinolyl group, the former being 156 and the latter 158;
and also because of the similar electron displacements of the two groups (XVII)
and (XVIII).

AN MO N
g gyt
( :Br:

X-\;II XVIII

1 Taken in part from a thesis submitted by Leon Goldman to the Graduate School of
the University of Maryland in partial fulfillment of the requirements for the Degree of
Doctor of Philosophy, 1944.

2 Present address: Cooper Union.

3 NCsH,, represents the piperidyl group.
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The w-dialkylamino-p-bromoacetophenones (III), (VI), (IX), and (XI), were
prepared according to Marvel and du Vigneaud (6) and were isolated as their
hydrobromide and hydrochloride salts, (IV), (V), (VII), (VIII), (X), and (XII),
in yields of 87-1009,.

The amino ketones (III), (VI), and (XI), were reduced as free bases by means
of aluminum isopropoxide according to Meerwein and Schmidt (7) and Ponndorf
(8) to produce the desired amino aleohols which were isolated as the salts (XIII),
(XIV), and (XVI), in yields of 70, 70, and 819, respectively. The free base of
the di-n-butylamino ketone (IX) was too sensitive to this reagent, being decom-
posed by it even at room temperature. Acting on the suggestion of Dr. Lyndon
F. Small of the National Institute of Health the hydrobromide salt (X), instead
of the free base (IX), was reduced with aluminum isopropoxide. There was no
sign of decomposition and the amino alcohol hydrobromide (XV) was obtained
in 939, yield.

The amino ketones could not be reduced to amino alcohols by means of Adams’
platinic oxide catalyst and hydrogen. The only crystallizable products from
catalytic reduction of amino ketone hydrobromides (IV) and (X) were recovered
starting material. Catalytic reduction of amino ketone hydrochlorides (V),
(VIID), and (XII), gave products which proved to be mixtures of the hydro-
bromides and hydrochlorides of recovered amino ketones. Reductive fission of
some bromine atoms in the para position must have oceurred, producing hydro-
gen bromide. The unreacted amino ketone molecules were then obtained as
crystalline mixed hydrobromides and hydrochlorides. Thus the product, m.p.
186.4-187.4°, isolated from catalytic reduction of (V) had the following analysis:
C, 41.62; H, 4.97, which is not in agreement with the calculated values for the
ethanolaraine hydrochloride, Ci:H;eBrCINO: C, 46.69; H, 6.20; but rather
corresponds to a mixture of (IV) and (V). In fact, the product of the reduction,
when treated with alkali, yielded a free base which was converted to a hydro-
chloride identical with (V). The aqueous solution from the liberation of the free
base was found to contain bromide ions.

Compounds (XIII), SN 5668, (XIV), SN 5651, (XV), SN 5862, and (XVI),
SN 5854, were submitted for antimalarial testing to the Survey of Antimalarial
Drugs and were found to be active.

EXPERIMENTAL

Condensalion of secondary amines with p-bromophenacyl bromide. To a solution of one
mole of p-bromophenacyl bromide in the minimum amount of anhydrous benzene necessary
for complete solution at 0° was added two moles of secondary amine. The mixture was
shaken and cooled in ice to remove the heat of reaction. The secondary amine hydrobro-
mide usually started to precipitate after several minutes. After refrigerating for two to
twenty-four hours the suspension was treated with excess anhydrous ether and a nearly
quantitative yield of secondary amine hydrobromide was obtained by filtration and
washing with anhydrous ether until colorless.

The combined benzene-ether filtrate was chilled with ice and saturated with dry hydrogen
bromide or hydrogen chloride and the precipitated amino ketone salt was removed by
filtration, washed with anhydrous ether, and crystallized from absolute ethanol-anhydrous
ether.
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w-Diethylamino-p-bromoacetophenone hydrobromide (IV). Reaction of 13.9 g. (0.05 mole)
of p-bromophenacyl bromide with 7.3 g. (0.1 mole) of diethylamine in 150 cc. of anhydrous
benzene for two hours at ice temperature yielded 7.5 g. (98%) of diethylamine hydro-
bromide. The yield of amino ketone hydrobromide, obtained as pale yellow crystals, was
17.5 g. (100%). Crystallization from absolute ethanol-anhydrous ether gave colorless
crystals, m.p. 193.1-193.8°,
Anal. Cale’d for CpH,;BryNO: C, 41.05; H, 4.88; Br,422.76.
Found: C, 41.57;5 H, 4.88;% Br, 22.6.
w-Diethylamino-p-bromoacetophenone hydrochloride (V). This compound was prepared
in 96% yield from p-bromophenacyl bromide and diethylamine as described above, and from
the hydrobromide salt (IV): a solution of 21.1 g. (0.06 mole) of w-diethylamino-p-bromo-
acetophenone hydrobromide in 100 cc. of water was made alkaline with aqueous potassium
carbonate to liberate the free amino ketone base as a yellow oil. The oil was extracted
with ether, and the ether extract was dried over Drierite and saturated with dry hydrogen
chloride. The resulting pale yellow gummy precipitate was dried in a vacuum desiccator
over phosphorus pentoxide and crystallized from absolute ethanol-anhydrous ether, yield-
ing 17.7 g. (97%) of colorless crystals. When recrystallized from absolute ethanol-
anhydrous ether the product melted at 172.6-173.6°.
Anal. Cale’d for C,H,;BrCINO: C, 47.00; H, 5.59; Cl1,411.56.
Found: C, 46.51;# H, 5.69;¢ Cl, 11.5.
w-Di-n-propylamino-p-bromoacetophenone hydrobromide (VII). A twenty-hour reaction
of 13.9 g. (0.05 mole) of p-bromophenacyl bromide with 10.1 g. (0.1 mole) of di-n-propylamine
in 150 cc. of anhydrous benzene, followed by addition of 300 ce. of anhydrous ether, yielded
8.8 g. (97%) of di-n-propylamine hydrobromide. The benzene filtrate was concentrated
on the steam-bath to 200 cc., cooled in ice, and saturated with dry hydrogen bromide. After
adding 300 cc. of anhydrous ether, 17.1 g. (90%) of pale green hydrobromide was obtained.
Crystallization from absolute ethanol-anhydrous ether yielded colorless crystals, m.p.
184.2-184.8°,
Anal. Cale’d for C..Hy»Br,NO: C, 44.35; H, 5.53; Br,% 21.09.
Found: C, 44.46, 44.€0, 44.70; H, 5.38, 5.86, 5.54; Br, 21.3.
w-Di-n-propylamino-p-bromoacetophenone hydrochloride (VIII). This compound was
obtained in 95% yield (16.2 g.) by saturating an anhydrous benzene solution of w-di-n-
propylamino-p-bromoacetophenone (VI) (from reaction of 13.9 g. of p-bromophenacyl
bromide and 10.1 g. of di-n-propylamine) with dry hydrogen chloride, with the addition
of anhydrous ether. Crystallization from absolute ethanol-anhydrous ether gave colorless
crystals, m.p. 171.7-172.6°.
Anal. Cale’d for C1Hy,BrCINO: C, 50.24; H, 6.32; Cl,410.59.
Found: C, 49.11, 49.73, 40.27; H, 6.08, 6.26, 6.03; Cl, 10.4.
w-Di-n-butylamino-p-bromoacetophenone hydrobromide (X). Reaction of 13.9 g. (0.05
mole) of p-bromophenacyl broraide dissolved in 150 cc. of anhydrous benzene with 12.9 g.
(0.1 mole) of di-n-butylamine for twenty-four hours in the refrigerator, followed by dilution
with anhydrous ether, yielded 10.4 g. (99%) of di-n-butylamine hydrobromide. Saturation
of the filtrate with dry hydrogen bromide yielded 35.3 g. (87%) of nearly colorless amino
ketone hydrobromide. Crystallization from absolute ethanol-anhydrous ether yielded
colorless crystals, m.p. 176.5-177.5° (transition point at 145-146°).
Anal. Calc’d for CieHo:BroNO: C, 47.19; H, 6.19; Br,* 19.62.
Found: C, 47.23, 47.17; H, 6.21, 6.06; Br, 19.7.
w-Piperidyl-p-bromoacetophenone hydrochloride (XII). Reaction of 27.8 g. (0.1 mole) of
p-bromophenacyl bromide dissolved in 250 cc. of anhydrous benzene with 17 g. (0.2 mole)
of freshly distilled piperidine for twenty-four hours in the refrigerator yielded 16.6 g.

4 Volhard titration of ionizable halogen.
§ Analysis by courtesy of Dr. Robert C. Elderfield, Columbia University.
¢ Analysis by courtesy of Dr. Lyndon F. Small, National Institute of Health.
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(1009,) of piperidine hydrobromide. Saturation of the chilled filtrate with dry hydrogen
chloride yielded 31.8 g. (1009,) of cream-colored amino ketone salt. Crystallization from
absolute ethanol yield colorless crystals, m.p. on slow heating 224.7-225.7°, on rapid heating
230.5-231.5°.

Anal. Cale’d for C;Hy-BrCINO: C, 49.00; H, 5.38; C1,411.13.

Found: C, 48.96, 48.79; H, 5.05, 5.13; Cl, 10.9.

Reduction of amino ketones with aluminum isopropoxide. Amino ketones (III), (VI),
and (X1), were reduced in the following manner: a solution of 0.05 mole of amino ketone and
15.3 g. (0.075 mole) of aluminum isopropoxide in 100 cc. of anhydrous benzene was slowly
distilled through a helix-packed fractionating column with controlled take-off until most
of the benzene was removed, care being taken not to distil to dryness. To the residue was
added 100 cc. of isopropanol and distillation was continued until the distillate no longer
gave a test for acetone with 2,4-dinitrophenylhydrazine reagent. The remainder of the
solvent was removed at 20 mm. pressure and the red-brown semi-crystalline residue was
chilled and acidified with 100 cc. of ice-cold 109, hydrochloric acid to decompose the alumi-
num complex. The resulting solution was made strongly alkaline with ice-cold potagsium
hydroxide solution to liberate the free base of the amino alcohol and keep the aluminum in
solution as the aluminate ion. The amino aleohol was extracted with benzene, the benzene
solution was washed with water and dried over Drierite or by distillation into a moisture-
point receiver, and the hydrobromide or hydrochloride salt precipitated by saturation with
dry hydrogen bromide or hydrogen chloride.

a-(p-Bromophenyl)-8-diethylaminoethanol hydrobromide (XIII). Saturation of the
benzene solution of the free base with hydrogen bromide produced a brown oil. All the
benzene was removed ¢n vacuo, and the residual oily hydrobromide was dissolved in absolute
ethanol. When the ethanol solution was cooled in a dry ice-acetone bath, 12.1 g. (70%) of
tan crystalline product was obtained. Crystallization from absolute ethanol-anhydrous
ether gave colorless crystals, m.p. 135.0-135.5°.

Anal. Cale’d for CioH14BroNO: C, 40.81; H, 5.42; Br,* 22.63.

Found: C, 40.93, 41.00; H, 5.28, 5.30; Br, 22.5, 22.5. .
a-(p-Bromophenyl)--di-n-propylaminoethanol hydrobromide (XIV). The hydrochloric
acid solution from decomposition of the aluminum complex contained a small amount of
dark red oil in suspension. The oil was removed by extraction with ether. The amino
alcohol hydrobromide was obtained as tan crystals which were crystallized from absolute
ethanol-anhydrous ether to yield 13.4 g. (709%) of product. Further crystallization from
absolute ethanol-anhydrous ether yielded colorless erystals, m.p. 138.3-139.3°.
Anal. Cale’d for CiH,BrNO: C, 44.11; H, 6.08; Br,¢ 20.97.
Found: C, 44.15,44.20; H, 5.85, 5.96; Br, 20.9.

a-(p-Bromophenyl)-B-piperidylethanol hydrochloride (XVI). The hydrochloric acid solu-
tion from decomposition of the aluminum complex contained a tan precipitate. Addition
of 800 cc. of warm water dissolved all except a small amount of dark-colored gummy material
which was removed by filtration. Saturation of the benzene solution of the amino aleohol
free base produced a cream-colored precipitate. After adding 200 cc. of anhydrous ether,
13.0 g. (819%) of the hydrochloride was obtained. Crystallization from absolute ethanol
yielded colorless crystals, m.p. 237.7-238.2°,

Anal. Cale’d for Ci;H1sBrCINO: C, 48.69; H, 5.97; Cl,; 11.06.

Found: C, 48.48, 48.53; H, 6.03, 6.10; Cl, 11.0.

a-(p-Bromophenyl) - 8-di-n-butylaminoethanol hydrobromide (XV). A solution of 11.6 g.
(0.0285 mole) of w-di-n-butylamino-p-bromoacetophenone hydrobromide and 14.5 g. (0.071
mole) of aluminum isopropoxide in 100 cc. of anhydrous isopropanol was slowly distilled
through a helix-packed fractionating column with controlled take-off until 60 ce. of distil-
late was collected. At this point the distillate gave a negative test for acetone with 2,4-
dinitrophenylhydrazine reagent. The remainder of the isopropanol was removed by
distillation at reduced pressure, leaving a colorless semi-solid residue. The residue was
cooled in ice, acidified with 100 cc. of ice-cold 109, hydrochloric acid, and the resulting
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suspension was completely dissolved by adding 700 cc. of water, yielding a colorless solution.
The solution was cooled with ice and made strongly alkaline with ice-cold potassium
hydroxide, causing a white solid to separate after the aluminum hydroxide, which first
precipitated, redissolved. The suspension was extracted with five 50-cc. portions of ben-
zene, and the colorless benzene extract was washed with water and then dried by distilling
into a moisture-point receiver. The dry benzene solution was distilled to a volume of 150
ce. and then saturated with dry hydrogen bromide. The addition of 350 cc. of anhydrous
ether caused a colorless oil to separate from solution. After standing overnight in the
refrigerator the oil completely changed to colorless crystals weighing 10.8 g. (93%), m.p.
112-114°, Crystallization from absolute ethanol-anhydrous ether yielded colorless crystals,
m.p. 113.0-114.0°.
Anal. Calc’d for CisH2/Br.NO: C, 46.96; H, 6.65; Br,* 19.54.
Found: C, 46.90, 46.92; H, 6.76, 6.70; Br, 19.6.

SUMMARY

Reactions of p-bromophenacyl bromide with secondary amines were used to
synthesize the following compounds: w-diethylamino-p-bromoacetophenone
hydrobromide and hydrochloride, w-di-n-propylamino-p-bromoacetophenone
hydrobromide and hydrochloride, w-di-n-butylamino-p-bromoacetophenone
hydrobromide, and w-piperidyl-p-bromoacetophenone hydrochloride.

Aluminum isopropoxide reduction of the amino ketones, as the free bases,
produced the following compounds: a-(p-bromophenyl)-g-diethylaminoethanol
hydrobromide, a-(p-bromophenyl)-8-di-n-propylaminoethanol hydrobromide,
and a-(p-bromophenyl)-g-piperidylethanol hydrochloride. a-(p-Bromophenyl)-
B-di-n-butylaminoethanol hydrobromide was obtained by aluminum isopropoxide
reduction of the amino ketone hydrobromide. The amino alcohol salts were
found to possess antimalarial activity.

CoLiLeeE Parx, Mb.
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We have shown in previous communications that a number of amino alcohols
of type I (1) and type II (2) show a high antimalarial activity. We were in-

terested to find out whether analogous compounds of type III (—CHOHCH,-
CH:NR:) would be of greater or lesser therapeutic value.

i/l

\1 /] AN

\~Z NN\
CHOHCH;NR, CHOHCH,NR,

I I

The simplest way of arriving at phenanthryalkamines of type III consists
in the reduction of the corresponding amino ketones, which in turn are ob-
tainable by the Mannich reaction. Previously (3, 4), isoamyl alcohol was used
to advantage as medium in this reaction. By employing a modification as
specified by Fry (5), the amino ketones were obtained in considerably higher
yields. They were reduced catalytically in the form of their hydrochlorides.
From the propylamino ketones upwards, fission in the alkamine side chain
becomes more pronounced with increase in the size of the dialkylamino group,
as shown by recovery of secondary amine hydrochloride and non-basic produects.
The Meerwein-Ponndorf-Verley method proved to be without value for the re-
duction of the amino ketones, since they were not stable under the conditions
employed in this procedure.

The tolerated doses (chicks) of the “Mannich-type’’ amino alcohols are con-
sistently lower (0.1-0.3 mg. per g.) than those of the corresponding ethanolamines
(1, 2) (Dr. Nathan B. Eddy, 6). This results in a rather unfavorable chemo-
therapeutic index, and though these compounds have a high effectiveness against
Plasmodium gollinaceum (Dr. G. Robert Coatney and Dr. W. Clark Cooper, 7),
the study of this type was not further pursued. None of the drugs showed any
activity towards sporozoite-induced gallinaceum malaria (7).

Acknowledgment. We are indebted to Mr. Edward A. Garlock, Jr. for carry-
ing out the microanalyses.

1 The work described in this paper was done under a transfer of funds, recommended by
the Committee on Medical Research, from the Office of Scientific Research and Develop-
ment to the National Institute of Health.

3 Studies in the Phenanthrene Series XXIX.
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TABLE I3
ANTIMALARIAL ACTIVITY OF AMINO ALCOHOLS
SN C1Hs-9~CHOHCH:CH, Q
1804 N(CHa;): 1/8
8861 N(C:H;). 1/4
8362 N(C;H7), 1/4
8863 N (CHs)s 1/4
7310 N(CsHu). 1/2
1805 piperidino 1/8
CyH-9-CHOHCH,CH -~
6824 N(CHs). 1/4
6825 N(C:Hjs): 1/4
6826 N(C;H1)s 1/2
7309 N(CHy). 1/4
7308 N(CsHu)» 1/2
EXPERIMENTAL*

9-(8-Dimethylamino-1-oxopropyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. A mix-
ture of 4.1 g. of dimethylamine hydrochloride, 1.5 g. of paraformaldehyde, 9 cc. of benzene,
9 cc. of nitrobenzene, and 2 drops of concentrated hydrochloric acid was stirred and boiled
under reflux until the original solid became a light colored oil (ten to fifteen minutes). At
this point 11 g. of 9-acetyl-1,2,3,4-tetrahydrophenanthrene was added and the stirring
and refluxing resumed. At the end of another ten-minute period, amino ketone hydro-
chloride began separating, whereupon a water-trap was inserted and during the next twenty
minutes 0.75 cc. of water was collected. The reaction mixture was cooled, diluted with
ether, then cooled in the ice-box and filtered. The precipitate (11.5 g.) was recrystallized
from absolute ethanol-ether. The yield of hydrochloride melting at 187-189° was 9.8 g.
(84% based on used ketone). After another recrystallization, the melting point was con-
stant at 189-190°,

Anal. Cale’d for Ci H,CINO: C, 71.78; H, 7.61; Cl, 11.15,

Found: C, 71.11; H, 7.49; Cl, 11.47.

From the original filtrate 3 g. of 9-acetyl-1,2,8,4-tetrahydrophenanthrene was recovered.

9-(8-Dimethylamino-1-hydrozypropyl)-1,2,8, 4-teirahydrophenanthrene hydrochloride.
Nine and five-tenths grams of the above compound (m.p, 187-189°) absorbed one molecular
equivalent of hydrogen in fifteen hours when shaken with 0.2 g. of platinum oxide and 110
cc. of 85% ethanol. The clear solution was filtered from catalyst, evaporated to dryness
on the steam-bath under water-pump vacuum, and the syrupy residue dissolved in the
minimum of warm acetone. After a few minutes the acetone solution of the amino aleohol
hydrochloride was filtered from extraneous material, whereupon the compound slowly
crystallized. It was cooled overnight in the ice-box and the material collected (6.2 g. of
m.p. 150-162°). On recrystallization from absolute ethanol-ether, 5.1 g. of white platelets
of m.p. 168-169° was obtained.

3 In Table I are listed the compounds which were submitted for biological investigations.
In the first column are given the identification numbers assigned to the drugs by the Ma-
laria Survey Office of the National Research Council. The third column shows the approxi-
mate “‘Quinine equivalents’’ expressing the effectiveness of the drugs towards Plasmodium
gallinaceum, compared with that of quinine.

All compounds listed in the Table were administered as hydrochlorides, except SN 1805
which was administered as base.

4 All melting points are uncorrected.
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Anal. Cale’d for C;,HysCINO: C, 71.33; H, 8.19.
Found: C, 71.05; H, 8.18.

8-(8-Dimethylamino-1-hydrozypropyl) phenanthrene hydrochloride (8). The intermediate
amino ketone hydrochloride for this compound was prepared like the previous tetrahydro-
phenanthrene analog. The yield from 11 g. of 9-acetylphenanthrene was 10.5 g., m.p. 169-
171° (3).

A mixture of 2.4 g. of this amino ketone hydrochloride, 0.07 g. of platinum oxide and 20
ce. of methanol absorbed 1.2 molecular equivalents of hydrogen in three to five hours. As
described in the previous reduction, 1.7 g. of amino alcohol hydrochloride melting at 158
163° was obtained from acetone. Two recrystallizations from absolute ethanol-ether
brought the melting point to the constant value 164-166°; prisms.

Anal, Cale’d for CsH,CINO: C, 72.26; H, 7.03.

Found: C, 71.89; H, 7.25.

9-(8-Diethylamino-1-hydroxypropyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. A
stirred and refluxed mixture of 5.5 g. of 9-acetyl-1,2,3,4-tetrahydrophenanthrene, 0.8 g.
of paraformaldehyde, 2.8 g. of diethylamine hydrochloride, one drop of concentrated hydro-
chloric acid, 4 cc. of nitrobenzene, and 11 cc. of benzene became almost clear after one-half
hour. A small amount (about 0.1 g.) of paraformaldehyde was then added and the reaction
continued one-half hour. Thirty cubic centimeters of ether was added to the cooled reac-
tion mixture, after which it was extracted three times with 50-cc. portions of water. The
water solution was made alkaline and the liberated amino ketone base shaken into ether.
The dried ether solution (Na,S0O,) was freed of solvent, the residual base dissolved in
about 40 cc. of acetone and 3.5 ec. of 259 alcoholic hydrogen chloride and a little ether
were added. The yield of amino ketone hydrochloride was 4.1 g. (49%), m.p. 140-143°.
It was pure enough for the subsequent reduction.

Seven grams of this product, with 0.2 g. of platinum oxide and 75 cc. of methanol absorbed
one molecular equivalent of hydrogen in five hours. From acetone as described for the
lower homolog, 5.0 g. of amino alcohol hydrochloride was obtained. After a recrystalliza-
tion from absolute ethanol-ether the melting point was constant at 200-201°; white needles,
yield 3.9 g.

Anal. Cale’d for C5H3oCINO: C, 72.47; H, 8.69.

Found: C, 71.96; H, 8.68.

9-(8-Diethylamino-1-hydrozypropyl) phenanthrene hydrochloride (3). A mixture of 11 g.
of 9-acetylphenanthrene, 1.5 g. of paraformaldehyde, 5.6 g. of diethylamine hydrochloride,
2 drops of concentrated hydrochloric acid, and 25 cc. of benzene was refluxed and stirred
for one hour and forty minutes. The amino ketone hydrochloride resulting was isolated
as its tetrahydrophenanthrene analog above. The yield was 7.5 g. (80% based on used
ketone), m.p. 133-185° (3). Five grams of 9-acetylphenanthrene was recovered.

When ten grams of the hydrochloride of m.p. 133-135° was shaken under hydrogen with
0.2 g. of platinum oxide and 80 cc. of methanol, it absorbed 1.05 molecular equivalents of
hydrogen in five hours, when uptake ceased. The yield of amino alecohol hydrochloride,
isolated as above, was 6.9 g. From absolute ethanol-ether, 5.6 g. crystallized as fine white
needles of m.p. 180-183°.

Anal. Cale’d for CxHyCINO: C, 73.34; H, 7.62.

Found: C, 73.28; H, 7.75.

On examination of the filtrates of the amino alcohol hydrochloride, some diethylamine
hydrochloride and non-basic material were found.

9-(8-Dipropylamino-1-hydrozypropyl)-1,2,8, j-tetrahydrophenanthrene hydrochloride. A
mixture of 11 g. of 9-acetyl-1,2,3,4-tetrahydrophenanthrene, 1.5 g. of paraformaldehyde,
6.9 g. of dipropylamine hydrochloride, 2 drops of concentrated hydrochloric acid, and 25
cc. of benzene became clear upon refluxing and stirring for fifty minutes. After an addi-
tional twenty-five minute period the reaction was interrupted, cooled, and 20 cc. of ether
was added. The small amount of oil which separated was dissolved by adding a few cubic
centimeters of acetone and the solution was cooled in the ice-box for one-half hour. A
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white solid separated, was collected (3.3 g.), and washed with a little acetone-ether mixture.
The filtrate and washings deposited 8.9 g. of white, almost pure, amino ketone hydro-
chloride on standing two to three hours in the ice-box. The 3.3 g. above yielded on frac-
tional crystallization from absolute ethanol-ether 1.2 g. of dipropylamine hydrochloride as
a first fraction and 1.1 g. of amino ketone hydrochloride. From all of the filtrates an
additional 0.8 g. of the latter was obtained making the total yield 10.8 (58%). It crystal-
lized in leaflets with an indefinite melting point.

Four grams of this compound and 0.1 g. of platinum oxide in 40 cc. of methanol absorbed
0.95 molecular equivalents of hydrogen in 2.75 hours, when reduction ceased. From ace-
tone-ether 3.0 g. of a white solid separated on cooling in ice. Upon recrystallization from
absolute ethanol-ether 0.3 g. of dipropylamine hydrochloride (leaflets) separated first and
was filtered quickly. From the filtrate 2.2 g. (m.p. 166-171°) of the desired amino aleohol
hydrochloride crystallized after two hours at room temperature. An additional 0.2 g.
was recovered from the filtrate. A second recrystallization gave 1.9 g. of m.p. 182.5-184°.
The analytical sample melted at 183.5-184.5°.

Anal. Cale’d for C;;HaCINO: C, 73.46; H, 9.11.

Found: C, 73.19; H, 9.26.

9-(8-Dipropylamino-1-hydrozypropyl) phenanthrene hydrochloride. The amino ketone
for this compound was prepared as the foregoing tetrahydrophenanthrene analogexcept
that the reaction time was one hour. The yield of almost pure amino ketone hydrochloride
(from 11 g. of 9-acetylphenanthrene) as it crystallized from the benzene reaction mixture
after dilution with ether, was 13.3 g. (71%).

A mixture of 2.0 g. of this product, 0.05 g. of platinum oxide, and 20 ce. of methanol
absorbed 0.9 molecular equivalents of hydrogen in ninety minutes. From acetone-ether,
a small amount of dipropylamine hydrochloride separated at 0°. This was filtered, where-
upon a white crystalline hydrochloride began to separate from the filtrate. After standing
at room temperature overnight and one hour in the ice-box, 1.0 g. of amino aleohol hydro-
chloride of m.p. 131-138° was collected. After two recrystallizations from absolute eth-
anol-ether 0.85 g. of compound separated as fine white needles of m.p. 144.5-146.5° (turbid
melt).

Anal. Cale’d for C,HsoCINO: C, 74.27; H, 8.13.

Found: C, 73.88; H, 7.86.

9-(8-Dibutylamino-1-hydrozypropyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. The
‘Mannich’’ product for this compound was prepared essentially as described for the dipro-
pylamino derivatives above. The reaction time using 11 g. of ketone was forty-five to sixty
minutes. After diluting the reaction mixture with two-thirds its volume of ether and cool-
ing in the ice-box, 3.4 g. of dibutylamine hydrochloride was collected. From the filtrate
9.4 g. (46%) of amino ketone hydrochloride (m.p. 120-132°) was obtained.

Six grams of this compound, 0.1 g. of platinum oxide, and 50 cc. of methanol absorbed
the calculated amount of hydrogen in two hours, when uptake came to a standstill. From
acetone-ether, dibutylamine hydrochloride (0.4 g.) separated. The filtrate deposited over-
night, at room temperature, the desired amino alcohol hydrochloride in a yield of 2.5 g.,
m.p. 131-134°. After a recrystallization from acetone-ether and one from acetone, the
product crystallized in blade-like needles of m.p. 138-139°.

Anal. Cale’'d for Cy;sH3sCINO: C, 74.32; H, 9.48.

Found: C, 74.14; H, 9.63.

9-(8-Dibutylamino-1-hydroxypropyl) phenanihrene hydrochloride. The Mannich reaction
with 11 g. of 9-acetylphenanthrene and 8.4 g. of dibutylamine hydrochloride, carried out by
a procedure similar to that deseribed in the three foregoing experiments, required two
hours. The yield of crude product was 14.5 g., which on recrystallization from absolute
ethanol-ether gave 13.1 g. (77% based on used ketone). Two and five-tenths grams of 9-
acetylphenanthrene was recovered.

Eight grams of the recrystallized product absorbed 0.95 molecular equivalent of hydro-
gen in eighty minutes when shaken with 0.15 g. of platinum oxide and 75 cc. of methanol.
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The residue from filtration of catalyst and avaporation of solvent in vacuo was dissolved in
20 ce. of acetone and this solution diluted with 40 ce. of dry ether. After two hours in the
ice-box 2.3 g. of dibutylamine hydrochloride separated. The filtrate was seeded with amino
aleohol hydrochloride (crystallized by one week’s standing and tedious manipulations),
and on cooling in ice, 3.2 g. of hygroscopic product melting at 80-90° (with bubbling) was
obtained. After two recrystallizations from acetone-ether 2.8 g. of white rectangular
plates of m.p. 94-96° (frothy melt) was obtained. The compound was very hygroscopic
and was dried in a vacuum desiccator before analysis.
Anal. Cale’d for C;:HsCINO-CH,OH: C, 72.29; H, 8.86; CH;0H, 7 4.
Found: C, 72.49; H, 9.00; CH,0H, 7.9.
The solvate methanol was determined by drying to constant weight at 77° ¢n vacuo.
9-(8-Diamylamino-1-hydrozypropyl)-1,2,8, j-tetrahydrophenanthrene hydrochloride. The
Mannich reaction in this experiment was carried out with 11 g. of 9-acetyl-1,2,3,4-tetra-
hydrophenanthrene as described for the foregoing dipropylamino and dibutylamino analogs
and required ninety minutes. After diluting with an equal volume of ether the reaction
mixture was cooled in ice for two hours and filtered from 2.0 g. of diamylamine hydrochlo-
ride. Since the amino ketone hydrochloride would not crystallize, the filtrate was evapo-
rated to dryness and the residue washed twice with dry ether, 11.5 g. of crude oily material
remaining. This was reduced in 75 cc. of methanol with 0.3 g. of platinum oxide, absorp-
tion 1.05 moles, 3 hours. ¥rom acetone-ether, diamylamine hydrochloride (2.2 g.) sepa-
rated. The filtrate deposited gradually 3.6 g. of amino alcohol hydrochloride of melting
point 100-105°. The substance was recrystallized twice from acetone-ether and appeared
as clusters of long white prisms (3.0 g.) of m.p. 104-105.5°.
Anal. Cale’d for CorHoCINO: C, 75.05; H, 9.80.
Found: C, 75.08; H, 9.61.
9-(8-Diamylamino-1-hydrozypropyl) phenanthrene hydrochloride. The amino ketone
hydrochloride obtained from 11 g. of 9-acetylphenanthrene (ninety minutes reaction time)
was isolated in the following manner. The benzene reaction mixture was evaporated to
dryness in vacuo, the residue dissolved in 40 cc. of acetone and ether added carefully until
no more unchanged diamylamine hydrochloride (3.0 g.) precipitated. After cooling the
filtrate overnight in the ice-box 11.6 g. (609, based on used ketone) of the diamylamino
ketone hydrochloride was obtained. Two grams of 9-acetylphenanthrene was recovered.
Fourteen grams of this hydrochloride when shaken with 100 cc. of methanol and 0.2 g.
of platinum oxide absorbed 0.9 molecular equivalent of hydrogen in two hours. From ace-
tone-ether 4.0 g. of diamylamine hydrochloride and 6.5 g. of amino aleohol hydrochloride
were obtained. The latter melted at 112-118°, and after a recrystallization from acetone-
ether, the yield of product melting at 122-125° was 5.0 g.; clusters of plates.
Anal. Cale’d for Co;H;3sCINO: C, 75.77; H, 8.95.
Found: C, 75.44; H, 8.87.
9-(8-Piperidino-1-oxopropyl)-1,2,8, i-tetrahydrophenanthrene hydrochloride. A mixture
of 10 g. of 9-acetyl-1,2,3,4-tetrahydrophenanthrene, 7 g. of paraformaldehyde, 5.5 g. of
piperidine hydrochloride, and 50 ce. of isoamyl alcohol was boiled under reflux for one hour.
The two-layered reaction mixture was cooled and diluted with ether, whereupon the amino
ketone hydrochloride crystallized (5.3 g. or 339 of crude material). After two recrystal-
lizations from absolute ethanol-ether, the melting point was 187.5-188.5°; white needles.
Anal. Calc’d for ngHggClNO'HQOZ C, 7029; H, 8.04.
Found: C, 70.70; H, 7.91.
The material was dried at 100° in vacuo for two to three hours.
Anal. Cale’d for CHyCINO: C, 73.82; H, 7.89.
Found: C, 73.34; H, 7.77.
9-(8-Piperidino-1-hydrozypropyl)-1,2,8, 4-tetrahydrophenanthrene. The 5.3 g. of hydro-
chloride above, with 0.2 g. of platinum oxide and 100 cc. of 95% ethanol absorbed the cal-
culated amount of hydrogen in 24 hours. The residue remaining after filtration from cata-
lyst and evaporation of solvent was partitioned between an excess of dilute sodium hydroxide
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and ether. The dried ether layer (Na:SO,) was concentrated to 15 cc., whereupon the
base crystallized. After cooling, 1.8 g. of amino alcohol was obtained, m.p. 114.5-115.5°.
The melting point was not changed by a recrystallization from ether; white needles.
Anal. Cale’d for CHeNO: C, 81.69; H, 9.04.
Found: C, 81.31; H, 8.77.

SUMMARY

A series of amino alcohols derived from phenanthrene and tetrahydrophenan-
threne, and carrying the side chain —CHOHCH,CH.NR; in position 9, has been
prepared.

The evaluation of these compounds as antimalarials is discussed.

BeTHESDA 14, Mb.
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The work here presented was undertaken as a cooperative project with the
National Institute of Health as part of a broader general program, the main
object of which was a thorough exploration of the synthesis of as wide a variety
of N,N-dialkylamino carbinols derived from 1,2,3,4-tetrahydrophenanthrenes
of the general type shown in I as possible, It was desired to synthesize the

AN

7

CHOHCHR;NR:R;
I

entire homologous series with respect to R. and R, in the case where R; = hy-
drogen and R, = R;, up to the didodecyl compound, and also to introduce
branched chain groups for R; and R; in so far as possible. At the time the work
was begun, some of the lower members of the series had already been prepared
by the group at the National Institute of Health laboratories, and shown to
possess marked antimalarial action (1), so that the substances here reported
are those necessary to complete the series. In addition, other representative
variations in R; and R; have been introduced in order to acquire experience in
the synthesis of such types, should a further exploration of these other types be
demanded as the result of future work. Such variations include the case where
R: = hydrogen and R; = a benzyl group. Similarly, variations in R, included
the synthesis of representative amino carbinols in the series where R; = methyl
and ethyl.

The general mode of synthesis used is shown in formulas II-V. In all cases
a 9-acyl-1,2,3,4-tetrahydrophenanthrene was brominated in ether solution;
the resulting «-bromoalkyl ketone was then condensed with the desired amine
and finally the amino ketones were reduced with aluminum isopropoxide to
yield the desired amino carbinols. 9-Acetyl- and 9-propionyl-tetrahydrophenan-
threne have been previously described by Bachmann and Struve (2) and Bach-
mann and Cronyn (3). 9-Butyryltetrahydrophenanthrene appears to be new,

1 The work described in this paper was done under a contract, recommended by the Com-
mittee on Medical Research, between the Office of Scientific Research and Development
and Columbia University.

111
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and its synthesis is described in detail. Likewise, bromoacetyltetrahydro-
phenanthrene has also been described (2). In general it was found to be neither
desirable nor necessary to isolate the unstable amino ketones. Rather, these
were reduced either as the free bases or as the hydrochlorides without purifi-
cation, and the final amino carbinols were isolated as the hydrochlorides.

NN\ AN
] l Brs ‘ R.R:NH |
\YAV4 A
COCH;R, COCHBrR,
II II1
AN N
Al(isoPr),
B e
V4 \/
COCHR;NR:R; CHOHCHR:NR,R;
v vV

While at first glance it might appear that all of the reactions would proceed
m a similar fashion in all cases, actually in practice it developed that each in-
dividual amino carbinol required its own individual experimental conditions
and that in no two cases could exactly the same experimental procedure be used
with optimum results. As a result of the present study, it has become possible
to make some generalizations regarding the synthesis of such compounds. A sim-
ilar study of amino carbinols in the naphthalene series has recently appeared (5).

In cases where R; is hydrogen, condensation of the bromo ketone with sec-
ondary amines took place readily at room temperatures provided R; and R,
were straight chain alkyl or benzyl groups. However, in the cases where R,
and R, contained branched chains with the branching in the vicinity of the
secondary amino group, as in the case of diisopropyl and diisobutylamine,
reaction was much more sluggish and required higher temperatures and longer
reaction times. In many cases it was found that the amination reaction pro-
ceeded more readily in benzene than in ether. As would be expected, branching
of the alkyl chain at a distance from the amino group, as in diisoamyl- and
diisohexylamine, had comparatively little effect on the ease of the amination
reaction. Not expected was the complete failure of the amination reaction in
the cases of di-2-ethylbutyl- and di-2-ethylhexylamine, in which the branching
of the carbon chains is at the second carbon atom from the nitrogen atom. It
has been found impossible to carry out the amination under any conditions which
did not also involve decomposition of the other reactant. However, a study of
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an atomic model of the two amines in question showed that the steric arrange-
ment in them is such as to block effectively the secondary amine hydrogen atom
as far as the reaction under consideration is concerned. In the cases where
R; = hydrogen and R; = alkyl, reaction of the bromo ketone with the pri-
mary amines was so rapid that external cooling was necessary.

In so far as the effect of the nature of R; on the amination reaction is con-
cerned, it was found that branching of the chain of the acyl group attached to
the ring system exerted a strong inhibitory effect on the amination reaction with
the result that the reaction of the 9-a-bromopropionyl and 9-a-bromobutyryl
derivatives of tetrahydrophenanthrene with straight chain secondary amines
approached the reaction of 9-bromoacetyltetrahydrophenanthrene with di-
isopropyl- or diisobutyl-amine in sluggishness. In other words, it makes little
difference in a qualitative sense on which reactant the chain is branched. In
contrast to the circumstances encountered when groups R, and R; contained a
long chain branched at the end, similar branching in R, exerted a very pronounced
inhibitory effect on the amination reaction. Thus, when the condensation of
9-a-bromoisocaproyltetrahydrophenanthrene with diethylamine was attempted,
a period of about six months at room temperature was required for complete
reaction. This observation was entirely unexpected, since it seemed reascnable
to prediet that the isocaproyl derivative would approximate the propionyl or
butyryl derivative in its behavior.

RCOCH,Br + Canll\ISOgCemCHa — RCOCH,NSO.C:H,CH;
K C5H11

In the reduction of the amino ketones to the carbinols, the major difficulties
are caused by the instability of the amino ketones or the tendency of the amino
carbinols to undergo hydramine fission. Under the experimental conditions
used in the present work, it was difficult to separate one factor from the other
when poor yields were encountered. However, previous experience (4) has
shown, that where extensive amine cleavage may be expected when the ketones
are reduced catalytically, this may be minimized by the use of the Meerwein
method of reduction. No particular difficulty was encountered in the reduction
of the amino ketones except in the cases where R, = hydrogen. Here the
yields of carbinols were very poor. Accordingly, an alternate synthesis for this
type of substance, involving condensation of isoamyl p-toluenesulfonamide with
the bromo ketone followed by hydrolysis of the sulfonamide either before or
after reduction of the carbonyl group, was explored. However, acid hydrolysis
of the sulfonamide of either the amino ketone or amino carbinol resulted in the
formation of large amounts of tar from which none of the expected products
could be isolated.

The amino carbinols thus prepared are summarized in Table I.

We are indebted to Mr. Saul Gottlieb and to Misses Lois May and Frances
Marx for all microanalyses reported in this paper.
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EXPERIMENTAL

All elting and boiling points are corrected for stem exposure, unless otherwise stated.

9-a-Bromoacetyl-1,2,8, j-tetrahydrophenanthrene. This was prepared by the bromina-
tion of 9-acetyl-1,2,3,4-tetrahydrophenanthrene according to the method of Bachmann
and Struve (1). The material used in the condensation with amines was recrystallized
once from methanol and melted 89.5-90.5°.

9-(2-Diisoamylamino-1-hydrozyethyl)-1,2,3, 4-tetrahydrophenanihrene hydrochloride. The
method used for the preparation of this compound was used in the synthesis of most of the
amino carbinol hydrochlorides, although in some cases, with certain amines, modification
of the procedure was necessary.

A solution of 28 g. of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene in 225 ce. of
anhydrous ether was shaken mechanically with 29.4 g. (two equiv.) of diisoamylamine for
twelve hours. The solution was filtered, after standing for one hour in the refrigerator,
and 21.0 g. of diisoamylamine hydrobromide (95%,) was obtained. The ether solution was
washed once with 250 ce. of water, once with a 19% sodium hydroxide solution and again
with water. The ether solution was then dried over magnesium sulfate and the ether was
removed, the last traces being taken off in vacuo. The oily orange colored residue was
reduced directly according to the Meerwein method, using a mixture of 90 cc. of 1 M alumi-
num isopropoxide solution and 100 cc. of anhydrous isopropyl alcohol. The acetone formed
during the reduction was distilled off through a 12-in. Vigreux column, additional isopropyl
alcohol being added from time to time to maintain the level of the solution. After three to
four hours, the 2,4-dinitrophenylhydrazine test for acetone was negative. The reduction
was continued for an additional thirty minutes and the isopropyl alcohol removed under
the water-pump vacuum. The dark red residue was cooled somewhat and shaken with 50
cc. of 109 sodium hydroxide solution and 200 cc. of anhydrous ether. After the solid had
dissolved completely, the aqueous layer was drawn off and the ether layer washed twice
with water and dried over magnesium sulfate. The volume of the solution at this point
should be about 350 ce.

The solution was cooled in an ice-salt bath and the amino carbinol precipitated by the
very slow addition of a dry ethereal hydrogen chloride solution. The precipitate which
formed upon the addition of the first small portions of the hydrogen chloride solution
possessed the crystalline character of the amine hydrochloride and the small amount of
material thus formed was filtered off and discarded. The amino carbinol hydrochloride
was then precipitated by addition of more ethereal hydrogen chloride solution to the fil-
trate until the solution became turbid. The solution was placed in an ice-salt bath and
scratched vigorously to induce crystallization. The light brown erystalline precipitate
which formed was filtered off and washed with ether. The weight of crude amino carbinol
hydrochloride was 23 g. (60%). Three recrystallizations from acetone-ether or ethyl
acetate gave 15 g. of material of analytical purity. Yields of the same order were obtained
in the cases of other amino alcohols prepared according to this general method.

9-(2-Diisopropylamino-1-hydrozyethyl)-1.2,8, 4-tetrahydrophenanthrene hydrochloride.
Condensation of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene with diisopropylamine
did not take place as readily as with diisoamylamine and other longer chained amines, A
solution of 24.0 g. of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene in 90 cc. of benzene
was refluxed with three equivalents (24 g.) of diisopropylamine for six hours. The solu-
tion was allowed to cool to room temperature and the theoretical amount (14.5 g.) of diiso-
propylamine hydrobromide was filtered off.

The solution was evaporated under vacuum to remove the last traces of diisopropylamine
and benzene and the straw colored residue reduced in the manner described for the above
diisoamyl compound, yielding 16.0 g. (58.2%) of crystalline crude amino carbinol hydro-
chloride. The light tan powder was recrystallized once from acetone-ether, followed by an
additional recrystallization from alcohol-ether to give a sample of analytical purity. This
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compound was found to be less soluble in most organic solvents than the amino aleohol
hydrochlorides of the longer-chained amines.

9-(2-Diisobutylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. A
solution of 25 g. of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene and 9.5 g. (2 equiv.)
of diisobutylamine in acetone was refluxed for six hours. Most of the acetone was re-
moved in vacuo and the diisobutylamine hydrobromide which separated out was filtered off
and washed with ether. The remainder of the acetone and ether was then removed under
vacuum.

The oily amino ketone was reduced in the manner described for the previous compounds.
The amino carbinol hydrochloride precipitated as an oil when dry hydrogen chloride gas
was passed slowly over the surface of the ether solution of the amino alcohol cooled in an
ice-bath. By dissolving a small portion of the oil in ethyl acetate-alcohol and adding
petroleum ether (Skellysolve B) to slight turbidity, crystals were produced when the solu-
tion was allowed to stand overnight at room temperature. The erystals were used for seed-
ing the remainder of the oil. Eight grams (21%) of amino carbinol hydrochloride was
obtained by this method. Two reerystallizations of the crude produect from ethyl acetate
gave a sample of analytical purity.

9-(2-Diisohexylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. The
general method used for the preparation of 9-(2-diisoamylamino-1-hydroxyethyl)-1,2,3,4-
tetrahydrophenanthrene was followed. The yield of crude amino alecohol hydrochloride
starting with 25.0 g. of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene was 24.0 g. (65%).
Four recrystallizations from acetone-ether with one charcoal treatment gave 8.4 g. of prod-
uct of analytical purity. This substance is quite hygroscopic and increases in weight
slightly upon standing.

9-(2-Diheptylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. The
procedure used for the diisoamyl compound was followed.

9-(2-Dinonylamino-1-hydroxyethyl)-1,2,8, i-tetrahydrophenanthrene hydrochloride. The
procedure used for the diisoamyl compound was followed. Somewhat better yields were
obtained in larger runs. Thus when 101 g. of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenan-
threne was condensed with 2 equivalents (179 g.) of dinonylamine and the amino ketone
reduced in the usual way, using 380 cc. of 1 M aluminum isopropoxide in isopropanol solu-
tion, the acetone formed being distilled off through a one-meter Vigreux column, the yield
of product, melting at 125-126° after two recrystallizations from ethyl acetate, was 108 g.
61%).

9-(2-Didecylamino-1-hydroxyethyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride,  The
procedure used for the diisoamyl compound was followed.

9-(2-Diundecylamino-1-hydrozyethyl)-1,2,8, 4-ietrahydrophenanthrene hydrochloride. The
same general procedure as above was used, the reaction being slower.

In the condensation of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene with diun-
decylamine, reaction took place to the extent of about 969, after twenty-four hours me-
chanical shaking and twenty-four hours additional standing in the refrigerator. Purifica-
tion of the amino carbinol hydrochloride was rather difficult, probably due to the fact that
it was contaminated with a small amount of diundecylamine hydrochloride. Three recrys-
tallizations from acetone followed by four recrystallizations from ethyl acetate were neces-
sary to produce an analytical sample.

Diundecylamine was obtained along with undecylamine by the reduction cf decylecyanide.
Four hundred six grams (500 cc.) of decyleyanide (b.p. 128-131°/10 mm.) was reduced in a
pressure bomb with 15 g. of Raney nickel at 125° and an initial pressure of 1300 1bs. After
the theoretical amount of hydrogen had been taken up, the reduction was stopped. The
product of the reaction was distilled under vacuum. The first crude fraction boiled at 90~
100°/0.8 mm. and the second fraction boiled at 190-200°/0.8 mm. Both fractions were re-
distilled separately. The first fraction gave 226 g. of undecylamine boiling at 94-96°/1 mm.,
and the second fraction gave 62.5 g. of diundecylamine boiling at 190-194°/0.8 mm. The
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second fraction, a white solid, when recrystallized three times from benzene-ethanol under
nitrogen gave small colorless needles melting at 51.5-52.5°.
Anal. Cale’d for C;,H;N: C, 81.1; H, 14.6.
Found: C, 80.8; H, 14.6.
9-(2-Didodecylamino-1-hydroxyethyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride.
When 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene and didodecylamine were con-
densed together under the conditions used with diundecylamine, condensation took place
to the extent of 939;. The product of the reaction was worked up according to the method
described previously. The crude amino carbinol hydrochloride was purified by four re-
crystallizations from ethyl acetate.
p-Methozybenzal-n-butylamine was prepared according to the directions of Einhorn and
Pfeiffer (6). A mixture of 25 g. of n-butylamine, 75 cc. of water, and 50.5 g. of p-anisalde-
hyde was thoroughly shaken and allowed to stand overnight at room temperature. The
mixture was extracted with ether and the ether solution dried over anhydrous potassium
carbonate. Evaporation of the ether gave a colorless oil which was distilled in vacuo, yield-
ing 65.6 g. (92%) of a colorless oil boiling at 1(8-109°/1.0 mm. nh 1.5384
Anal. Cale’d for C.H;;NO: C, 75.4; H, 9.0.
Found: C, 75.5; H, 8.8.
p-Methozybenzyl-n-butylamine was prepared by the reduction of p-methoxybenzalbutyl-
amine. Four hundred fifty cubic centimeters (440 g.) was reduced in a high pressure bomb
using 10 g. of Raney nickel at an initial pressure of 1200 lbs. and at a temperature of 80°,
After one and one-half hours, the reaction was stopped after the calculated amount of
hydrogen had been taken up. To the filtrate from the catalyst was added 500 cc. of water
and 400 cc. of cone’d hydrochloric acid and the mixture was warmed on the steam-bath for
two hours. The solid amine hydrochloride was filtered off and treated with alkali to liberate
the free base. The free base was purified by distillation under vacuum from sodium and
gave 240 g. of a colorless liquid boiling at 120-125°/0.7 mm. ne 1.5081.
Anal. Cale’d for C.HyNO: C, 74.6; H, 9.9.
Found: C, 74.8; H, 10.1.
9-(2-p-Methozybenzyl-n-butylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene  hy-
drochloride. This compound was prepared according to the general method. Thirty-five
grams of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene and 44.6 g. of p-methoxyben-
zylbutylamine were allowed to stand together in 1000 cc. of ether for three days, after which
the amine hydrobromide was filtered off and the product worked up in the usual way. The
reduction of the amino ketone was complete after five hours. Upon passing gaseous hydro-
gen chloride over the ethereal solution of the amino carbinol, an oil separated. Hydrogen
chloride gas was passed over the surface until precipitation was complete and then a stream
of dry air was blown through the mixture to remove excess hydrogen chloride. The oil-
ether mixture was allowed to stand overnight in the refrigerator, after which some crystals
had formed. The ether layer was decanted off and the oil taken up in hot acetone and
ether added to slight cloudiness. The solution was scratched vigorously in an ice-salt
bath, whereupon the whole mass solidified. The yield of light tan product was 27.3 g.
(52%). Three recrystallizations of the crude material from acetone-ether gave 15 g. of
product melting 165-166°.
9-(2-n-Butylbenzylamino-1-hydroxyethyl) -1,2,8, 4 - tetrahydrophenanthrene hydrochloride.
The general method used for the preparation of the diisoamyl compound was followed
using 50 g. of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene and 54 g. of benzylbutyl-
amine. There was obtained 40 g. (57%) of crude amino carbinol hydrochloride. One
recrystallization from acetone containing 109, aleohol gave 35 g. of pure product.
9-(2-Isoamylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. To a
solution of 25.9 g. of isoamylamine in 500 cc. of anhydrous ether was added 45 g. of 9-a-
bromoacetyl-1,2,3,4-tetrahydrophenanthrene. The flask was allowed to stand at room
temperature, with cooling, for fifteen minutes, with occasional shaking, at the end of which
all of the 9-bromoacetyltetrahydrophenanthrene had gone into solution. After six hours
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in the refrigerator the solution was red in color. The isoamylamine hydrobromide was
filtered off and washed with a small amount of ether, the washings being added to the fil-
trate, yielding 23.2 g. (803%). The filtrate was treated immediately with a saturated ethe-
real hydrogen chloride solution and 28.5 g. of ¢crude amino ketone hydrochloride was ob-
tained. If the ether solution was allowed to stand before adding the ethereal hydrogen
chloride solution, a yellow precipitate began to form slowly; consequently, the hydrogen
chloride was added immediately. The crude amino ketone hydrochloride was stirred
well with about one liter of water and filtered. The process was then repeated using 200
cc. of ether. The pure white product thus obtained was reduced in the manner described
previously using 150 cc. of 1 M aluminum isopropoxide solution and 150 cc. of dry isopropyl
alcohol. After two hours a negstive acetone test was obtained and the reduction was con-
tinued for an additional hour and stopped. The reduced product was worked up as de-
scribed previously. The amino alcohol hydrochloride was precipitated by the slow addi-
tion of dry gaseous hydrogen chloride. Nine and one-tenth grams of a white precipitate
formed immediately. Three recrystallizations from ethyl acetate gave an analytical prod-
uct.

Preparation of the above compound was attempted over the p-toluene sulfonamide as
follows: To 300 cc. of an ether solution of 33.2 g. of isoamylamine in a 1-liter 3-necked flask
fitted with a reflux condenser, mechanical stirrer and dropping-funnel, was added dropwise
over the course of two hours, 34.6 g. of p-toluene sulfonyl chloride dissolved in 200 ce. of
ether. After a short time isoamylamine hydrochloride began to precipitate out. The
reaction mixture was stirred at low temperature for five hours and the amine hydrochloride
filtered off. The filtrate was washed with dilute hydrochloric acid, then with water, and
dried over magnesium sulfate. Upon evaporation of the ether a colorless residue (40 g.)
remained; this was distilled under vacuum and gave 36 g. (82%) of a colorless liquid boiling
at 178-180°/1 mm. ny 1.5171.

Anal. Cale’d for CoH 1 sNOSS: C, 59.7; H, 7.9.

Found: C, 59.8; H, 7.7.

To 36 g. of isoamyl-p-toluenesulfonamide dissolved in 300 ce. of anhydrous benzene was
added 5.8 g. of potassium. The reaction mixture was heated to reflux and stirred mechan-
ically until complete reaction was effected. The benzene was removed in vacuo and the
potassium salt dissolved in anhydrous ether. To a stirred ethereal solution of 25 g. of 9-a-
bromoacetyl-1,2,3,4-tetrahydrophenanthrene was added an ether solution of 23.2 g. of
potassiumisoamyl-p-toluene sulfonamide. The reaction mixture wasreflyxed for four hours,
the potassium bromide filtered off, and the ether evaporated, leaving a thick yellow oil.
The condensation product was soluble in ether and benzene, but insoluble in ethyl and
methyl alcohol. Attempts at recrystallization were unsuccessful.

When the condensation product was refluxed with 259, hydrochloric acid for twenty
hours, only tarry products were obtained.

A portion of condensation product was reduced in the usual way with aluminum iso-
propoxide and isopropyl alcohol according to the Meerwein method. The resulting prod-
uct upon hydrolysis with dilute acid again gave only tarry products.

9-(2-n-Nonylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. The
method used for the preceding monoisoamyl compound was followed. Starting with 31.8
g. of 9-a-bromoacetyl-1,2,3,4-tetrahydrophenanthrene and 30.1 g. of n-nonylamine, there
was obtained 20 g. of crude amino ketone hydrochloride. This was reduced as described
previously and gave 9.5 g. (22.5%) of crude amino carbinol hydrochloride. Two recrystal-
lizations from absolute ethanol-ether gave 8.4 g. of pure product.

9-(2-n-Decylamino-1-hydrozyethyl)-1,2,3, 4-tetrahydrophenanthrene hydrochloride. The
procedure used for the monoisoamyl compound was followed. From 30 g. of 9-a-bromo-
acetyl-1,2,3,4-tetrahydrophenanthrene there was obtained 14.5 g. of crude amino ketone
hydrochloride, which upon reduction gave 8.5 g. of crude amino carbinol hydrochloride.
One recrystallization from alcohol-acetone gave 6 g. (14.5%) of pure product.

Attempted condensation of 9-a-bromoacetyl-1,2,8,4-tetrahydrophenanthrene with di-2-
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ethylbutylamine and di-2-ethylhezylamine. When a solution of 10 g. of 9-a-bromoacetyl-
1,2,3,4-tetrahydrophenanthrene and the theoretical amount of di-2-ethylbutylamine or
di-2-ethylhexylamine in 100 cc. of ether was shaken mechanically for twenty-four hours,
practically no condensation took place. Negative results were also obtained when the
solution was refluxed under nitrogen for eight hours or when the reactants were refluxed
under nitrogen in benzene for eight hours.

9-(2-Diamylamino-1-acetoxyethyl)-1,2,8, j-tetrahydrophenanthrene  hydrochloride. A
mixture of 25 g. of 9-(2-di-n-amylamino-1-hydroxyethyl)-1,2,3,4-tetrahydrophenanthrene
hydrochloride, 75 cc. of acetic anhydride, and 150 cc. of dry pyridine was refluxed for two
hours. The solution was then allowed to stand at room temperature for forty-eight hours.
The solvents were removed under reduced pressure and the residue crystallized from
ethyl acetate to give 10 g. of acetoxy compotnd. After two additional recrystallizations
from ethyl acetate, with charcoal decolorization, small colorless needles, melting at 152
154°, were obtained.

Anal. Cale’d for CasHy,CINO,: C, 73.1; H, 9.3.

Found: C, 72.9; H, 9.3.

9-a-Bromopropionyl-1,2,3, 4-tetrahydrophenanthrene. A solution of 20 g. of 9-propionyl-
1,2,3,4-tetrahydrophenanthrene (m.p. 42-43°), prepared according to the directions of
Bachmann and Cronyn (2), in 150 cc. of dry ether in a 500-cc. 3-necked flask fitted with
mechanical stirrer, small dropping-funnel, and reflux condenser fitted with a calcium chlo-
ride tube, was heated to boiling on a steam-bath. A few drops of bromine were added and
after decoloration had taken place, the flask was cooled in an ice-bath to 15° and the remain-
der of the bromine (13.0 g. in all) was added over the course of twenty minutes. The ether
solution was washed with water, then with sodium bisulfite solution, and again with water,
and dried over magnesium sulfate. After standing overnight in the ice-box, 10 g. of slightly
yellow crystals precipitated from the ethereal solution and were filtered off (m.p. 77-78°).
Concentration of the ethereal filtrate and cooling gave four more grams of crystalline bromo
ketone. The weight of bromo ketone obtained was thus 14 g. (52.5%). Two recrystal-
lizations from methanol gave translucent rectangular prisms melting at 77-78°.

Anal. Calc’d for Ci7H;,BrO: C, 64.4; H, 5.4.

Found: C, 64.1; H, 5.5.

9-(8-Tetrahydroisoquinoling-1-hydroxypropyl)-1,2, 3, 4-tetrahydrophenanthrene hydro-
chloride. A solution of 40 g. (0.126 mole) of 9-a-bromopropionyl-1,2,3,4-tetrahydro-
phenanthrene in 200 ce. of dry benzene was allowed to stand with 2 equivalents (33.5 g.)
of tetrahydroisoquinoline for 48 hours. Condensation took place to the extent of 85%,
as determined by the amount of amine hydrobromide precipitating out. The filtrate was
washed twice with water and dried over magnesium sulfate. The ethereal solution was
cocled in an ice-bath, ethereal hydrogen chloride was added slowly, and the precipitate
which formed wag filtered off. This was washed twice with water to dissolve any tetra-
hydroisoquinoline hydrochloride present, and converted back to the free amino ketone
by treatment with 109, sodium hydroxide solution and ether. After redrying with mag-
nesium sulfate and evaporation of the ether, the resulting residue was reduced as described
previously, using 240 cc. of aluminum igsopropoxide solution. Reduction was complete in
ten hours. The reduced product was worked up in the usual manner, and the amino car-
binol hydrochloride precipitated by the addition of ethereal hydrogen chloride solution.
After three recrystallizations from acetone-methanol-ether, with charcoal decolorization,
20 g. of pure material remained.

9-Butyryl-1,8,8, 4-tetrahydrophenanthrene. The procedure of Bachmann and Cronyn
(2) for 9-propionyl-1,2,3,4-tetrahydrophenanthrene was followed using 66.9 g. of 1,2,3,4-
tetrahydrophenanthrene, 123 g. of anhydrous aluminum chloride, 750 cc. of carbon disulfide,
500 ce. of tetrachloroethane, and 83 g. of butyryl chloride. The tetrahydrophenanthrene
was added dropwise to the stirred solution of the other reagents at —15°. Stirring was con-
tinued for one hour and the flagsk was allowed to stand twenty-four hours in the refrigerator.
The brown complex was filtered off, washed with a small amount of carbon disulfide, al-
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lowed to dry for ten minutes in the air, and hydrolyzed with ice and dilute hydrochloric
acid. A light brown oil separated out, which did not solidify upon standing in the refriger-
ator for some time. The oil was separated off and the aqueous layer extracted twice with
250-cc. portions of ether. The oil was added to the ether extracts and the combined ether
solution was dried over magnesium sulfate, the ether distilled off, and the black residue
distilled under vacuum, yielding 40.1 g. (43%,) of a colorless liquid which boiled at 200~
205°/1.1 mm. Upon standing in the refrigerator, the liquid solidified. One recrystalliza-
tion from ethanol-methanol gave needles melting at 44-45.5°. Two additional recrystal-
lizations from the same solvent mixture gave needles melting at 46-47°.

When the reaction was carried out using nitrobenzene as a solvent, a mixture of two iso-
mers was obtained. Small amounts of both isomers could be obtained by recrystallization.
The procedure of Bachmann and Struve (1) for 9-acetyl-1,2,3,4-tetrahydrophenanthrene
was followed using 75 g. of 1,2,3,4-tetrahydrophenanthrene, 45.8 g. of butyryl chloride,
and 101 g. of anhydrous aluminum chloride. The nitrobenzene layer, after hydrolysis of
the product with ice and dilute hydrochloric acid, was separated off and the aqueous layer
extracted with benzene. The benzene extracts were added to the nitrobenzene layer and
the benzene and nitrobenzene were removed by steam distillation. The residue was
vacuum distilled, yielding 73.7 g. of colorless liquid, boiling at 185-195°/0.7 mm., which
solidified upon standing overnighn in the refrigerator. One recrystallization from methyl
alcohol followed by four recrystallizations from petroleum ether (Skellysolve B) gave
colorless needles melting at 140-141°, This is probably the 7-isomer.

Anal. Cale’d for CisH2O: C, 85.7; H, 8.0.

Found: C, 86.0; H, 7.8.

The methyl alcohol mother liquors obtained from the above recrystallization, upon
standing for some time in the refrigerator precipitated long slender needles. One addi-
tional recrystallization from methyl alcohol gave long, colorless, slender needles melting
at 46-47°. This product was identical with the product obtained by the previous method
employing carbon disulfide and tetrachloroethane, inasmuch as mixed melting points of
several compositions of the two showed no depression.

Anal. Cale’d for CisH,oO: C, 85.7; H, 8.0.

Found: C, 85.5; H, 7.9.

9-a-Bromobutyryl-1,2,8, 4-tetrahydrophenanthrene. To a solution of 15 g. of 9-butyryl-
1,2,3,4-tetrahydrophenanthrene in 50 cc. of anhydrous ether in a 200-cc. 3-necked flask
fitted with dropping-funnel, reflux condenser fitted with a caleium chloride tube, and
mechanical stirrer, cooled to 10° in an ice-salt bath, was added the calculated amount (3.1
ce.) of bromine, dropwise. The reaction was instantaneous. The ether solution was
washed with water, dried with magnesium sulfate, and the ether removed, leaving a yellow
oil. One recrystallization of this oil from methanol gave 14.8 g. (75%) of crystalline mate-
rial melting at 54.5-55.5°. Three additional recrystallizations from methanol gave long
transparent needle-like prisms melting at 55.5-56.5°. The yield of product, based upon the
weight of oil obtained after evaporation of the ether, was practically quantitative.

Anal. Cale’d for CisH,sBrO: C, 65.3; H, 5.8.

Found: C, 65.3; H, 5.7.

9-(2-Diethylamino-1-hydrozybutyl)-1,2,8, 4-tetrahydrophenanthrene hydrochloride. To a
solution of 10 g. of 9-a-bromobutyryl-1,2,3,4-tetrahydrophenanthrene in 50 ce. of dry
benzene was added a large excess (50 cc.) of diethylamine and the resulting solution was
allowed to stand, with occasional shaking, for twenty-one days. The amine hydrobromide
was filtered off and washed with ether. The benzene, ether, and excess amine were dis-
tilled off from the filtrate under reduced pressure. To the residue was added 75 cc. of anhy-
drous ether and the small amount of diethylamine hydrobromide separating out was fil-
tered. The ethereal filtrate was washed twice with water, dried over magnesium sulfate,
and the ether distilled off, the last traces being taken off under reduced pressure. The dark
oily residue was reduced in the usual manner using 45 cc. of 1 M aluminum isopropoxide
solution and 45 ce. of dry isopropyl alcohol. A negative acetone test was obtained after
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four hours. The reduced product was worked up in the usual manner and upon addition
of an ethereal hydrogen chloride solution, an oil separated. Upon addition of 100 cc. of
acetone to the flask containing the oil, after the ether layer had been decanted off, an imme-
diate precipitation of a white solid occurred. After the flask had been allowed to cool for
several hours in the refrigerator, the precipitate was filtered off; it weighed 4.2 g. (43%).
Two recrystallizations from absolute ethanol-ether, with charcoal decolorization, gave 3
g. of colorless prisms melting at 194-196°. Three additional recrystallizations from an
absolute ethanol-ethyl acetate-ether mixture gave an analytical product melting at 195.5-
196.5°,

9-Isocaproyl-1,2,8, 4-tetrahydrophenanthrene. The procedure described for the prepara-
tion of 9-butyryl-1,2,3,4-tetrahydrophenanthrene was followed using the appropriate
quantities of reagents for 110 g. of 1,2,3,4-tetrahydrophenanthrene. The solvent was
carbon disulfide-tetrachloroethane. The light brown oily product of the reaction was dis-
tilled under vacuum, yielding 85.9 g. (51%,) of a colorless liquid boiling at 195-200°/0.6 mm.
The oil solidified upon standing for some time in the refrigerator, after seeding with a crys-
tal obtained by freezing a small part of the oilin a “dry-ice’’ bath. Two recrystallizations
from ethanol-methanol (1:2) gave large colorless needles melting at 33-33.5°.

Anal. Cale’d for CypoH,0: C, 85.7; H, 8.6.

Found: C, 85.7; H, 8.7.

9-a-Bromoisocaproyl-1,2,8, 4-tetrahydrophenanthrene. The procedure described for the
preparation of 9-a-bromobutyryl-1,2,3,4-tetrahydrophenanthrene was followed using the
appropriate quantities of reagents for 49.1 g. of 9-isocaproyl-1,2,3,4-tetrahydrophenan-
threne. After the addition of bromine was complete, the solution was washed with water.
At this point a white precipitate began to form. After standing overnight in the refriger-
ator, the precipitate was filtered off. From the mother liquors additional product was
obtained. Recrystallization of the total product thus obtained from methanol-absolute
ethanol (2:1) gave 53.8 g. (85%) of material melting at 88-90°. Two additional recrystal-
lizations gave long colorless needles melting at 89.5-90.5°.

Anal. Calc’d for C:oH2BrO: C, 66.9; H, 6.5.

Found: C, 67.1; H, 6.5.

Reaction of 9-(a-bromoisocaproyl)-1,2,8, 4-tetrahydrophenanthrene with secondary amines.
A mixture of 15 g. of 9-a-bromoisocaproyl-1,2,3,4-tetrahydrophenanthrene and 61.0 g.
(20 equivs.) of diethylamine in 100 cc. of benzene was allowed to stand under nitrogen for
gix months, at the end of which condensation was complete. The benzene and excess
amine were distilled off and the amino ketone residue was reduced according to the usual
Meerwein procedure. Only a faint acetone test was obtained. When the reduction prod-
uct was worked up according to the method described for 9-(2-diisoamylamino-i-hydroxy-
ethyl)-1,2,3,4-tetrahydrophenanthrene hydrochloride, an impure amino carbinol hydro-
chloride was obtained. This could not be obtained in the pure state, probably because of
incomplete reduction of the amino ketone, due to the steric effect of the isocaproyl group.

SUMMARY

1. A variety of new amino carbinol hydrochlorides derived from 1,2,3,4-
tetrahydrophenanthrene, with the amino carbinol side chain in the 9-position,
has been prepared.

2. 9-Butyryl- and 9-isocaproyl-1,2,3,4-tetrahydrophenanthrene have been
prepared by the Friedel-Crafts reaction between the corresponding acid chlorides
and 1,2,3,4-tetrahydrophenanthrene.

3. 9-o-Bromopropionyl-,  9-o-bromobutyryl-, and 9-a-bromoisocaproyl-
1,2,3,4-tetrahydrophenanthrene have been prepared by bromination of the
corresponding ketones.
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4, Diundecylamine and p-methoxybenzylbutylamine have been prepared
by ecatalytic reduction of decylecyanide and p-methoxybenzalbutylamine,
respectively.

5. p-Methoxybenzalbutylamine has been prepared.

New Yorgk 27, N. Y.
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Since dialkylamino carbinols derived from 1,2,3,4-tetrahydrophenanthrene
have been shown to possess distinct antimalarial activity against avian malaria,
it became of importance to study the effect of nuclear substituents on this
activity. The present paper records the results of an investigation of the syn-
thesis of certain methoxytetrahydrophenanthrene derivatives whichwas under-
taken as part of a broad general program in collaboration with the National
Institute of Health,

A study of the synthesis of 7-methoxytetrahydrophenanthrene according
to the methods used by Hill, Short, and Higginbottom (1) to synthesize 7-
methoxy-8-methyltetrahydrophenanthrene and by Short, Stromberg, and Wiles
(2) to synthesize 1-methyl-7-methoxytetrahydrophenanthrene was carried out.
However, this method, utilizing in the first step the requisite naphthalene nu-
cleus in a condensation with succinic anhydride under the conditions of a
Friedel-Crafts reaction, proved to be impractical after a very thorough study
carried out independently from the present work (3). Therefore, the direct intro-
duction of substituents into the tetrahydrophenanthrene molecule has been in-
vestigated.

Previous work by Bachmann and Cronyn (4) had shown that the direet
halogenation of tetrahydrophenanthrene results in the formation of the 9-
halogeno derivatives, which are obviously of no use in so far as the present ob-
jective is concerned. Of possible use for the introduction of a substituent in
the 7-position is the 7-aminotetrahydrophenanthrene described by Bachmann
and Cronyn (4), which was obtained by Beckmann rearrangement of the oxime
of 7-acetyltetrahydrophenanthrene followed by hydrolysis of the resulting
acetamino derivative. However, in the Friedel-Crafts reaction between tet-
rahydrophenanthrene and either acetyl chloride or acetic anhydride, the 7-
acetyl derivative constitutes but a minor part of the total reaction product,
and its separation from the larger amount of 9-acetyl derivative, which is the
major produet, requires a long and tedious fractional ecrystallization.

No reference occurs in the literature to the direct sulfonation of tetrahydro-
phenanthrene, and since the sulfonic acid group can be readily converted to a
variety of other groups, this approach appeared to be worthy of study. As a
dialkyl naphthalene derivative, tetrahydrophenanthrene on sulfonation could
be expected to lead to a series of sulfonic acids: the 6-, 7-, or 10-sulfonic acid by

i The work described in this paper was done under a contract, recommended by the
Committee on Medical Research, between the Office of Scientific Research and Develop-
ment and Columbia University.
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sulfonation in one of the 3-positions, or the 5-, 8-, or 9-sulfonic acid by sulfonation
in one of the a-positions, depending on the temperature at which the sulfonation
is carried out.

When tetrahydrophenanthrene was sulfonated under experimental conditions
which would be expected to lead to the S-sulfonic acid (5), a good yield of tet-
rahydrophenanthrene-7-sulfonic acid (I1I) was obtained. The position of the
sulfonic acid group was demonstrated by conversion of the sodium salt to the
phenol, 7-hydroxytetrahydrophenanthrene (III) by fusion with potassium
hydroxide. Methylation of III with dimethylsulfate yielded 7-methoxytet-
rahydrophenanthrene (IV), which was then dehydrogenated with selenium to
2-methoxyphenanthrene (V).

The low temperature sulfonation of tetrahydrophenanthrene was not successful
despite the use of a number of experimental conditions in which the temperature,
strength of sulfuric acid, and time of reaction was varied. Likewise the use of a
variety of salts for the isolaticn of the reaction product led to no uniform material.

With the successful preparation of 7-hydroxy- and 7-methoxytetrahydro-
phenanthrene in reasonably good yield, the route to the desired final derivatives,
N,N-dialkylamino carbinols of the general type shown in XXII containing
nuclear substituents was open. In the present paper the synthesis of repre-
sentative members of two series of such amino carbinols derived from 7-meth-
oxytetrahydrophenanthrene is described. Other nuclear substituted amino
carbinols will be described in another communication (6).

When 7-methoxytetrahydrophenanthrene is treated with either acetyl chloride
or acetic anhydride under the conditions of the Friedel-Crafts reaction, a mixture
of 7-methoxy-8-acetyltetrahydrophenanthrene (VI) and 7-methoxy-9-acetyltet-
rahydrophenanthrene (VII) results. These can be separated by fractional
crystallization, although it was found more convenient to prepare both acetyl
derivatives as indicated below. Changing the solvent in which the reaction
was carried out and other conditions did not appear to affect markedly the
proportions of isomers obtained.

For the preparation of the 9-acetyl derivative, it was found that if the Friedel-
Crafts reaction is carried out on 7-acetoxytetrahydrophenanthrene, only 7-ac-
etoxy-9-acetyltetrahydrophenanthrene (VIII) results. Hydrolysis of the acetoxy
group in VIII followed by methylation of IX gives VII in good yield. ILikewise,
it proved to be more convenient to prepare VI by Fries rearrangement of 7-
acetoxytetrahydrophenanthrene (XVIII), followed by methylation of 7-hy-
droxy-8-acetyltetrahydrophenanthrene (XIX).

The position of the acetyl group in VI was established by reduction of VI
to oily 7-methoxy-8-ethyltetrahydrophenanthrene (X) by the Clemmensen
method. X has been described as an oil by Miyasaka and Nomura (7), who
prepared no solid derivatives. In order to place the ethyl group in X definitely,
it was dehydrogenated to 1-ethyl-2-methoxyphenanthrene (XI). This was
identical with an authentic sample.

Alternate unsuccessful methods to place the acetyl group in VI involved
application of the Gattermann reaction to 7-hydroxytetrahydrophenanthrene
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(III). This yielded 7-hydroxytetrahydrophenanthrene-8-aldehyde (XII).
That the course of the Gattermann reaction on III paralleled that with 8-naph-
thol was shown by reduction of XII to 7-hydroxy-8-methyltetrahydrophenan-
threne (XIII) and methylation of XIII to the corresponding methoxyl derivative
(XIV). On dehydrogenation with selenium, XIV gave a substance agreeing in
properties with the 1-methyl-2-methoxyphenanthrene described by Hill, Short,
and Higginbottom (1). The plan then was to oxidize the aldehyde group in
XV to carboxyl and to compare the acid obtained in this way with the acid
obtained by oxidation of the acetyl group in VI. However, all attempts at
oxidation of the aldehyde group in XV failed. It was possible to prepare an
oxime of XV (XVI) and from this to prepare a nitrile (XVII) by the action
of acetic anhydride. Again all attempts at hydrolysis of the nitrile in XVII
to carboxyl failed. An attempt to oxidize the acetyl group in VT to the desired
acid gave a very poor yield. In contrast, the acetyl group in VII was readily
oxidized to the acid with hypochlorite solution.

The position of the acetyl group in VII has been proved by Mighton and
Elderfield (8).

( N 8
7 1/\\ /j/\l/ @/\/
— e —_
CHON A /‘ CHON\ A/ CHLON A\ J
COCH; cooH COCl
VII XXIIT XXIV
| () (
[/ ' AN N / ; AN
CH;O \ \/ CHaO \//‘ CH;O[\ \/'
COCHN, COCH;:Br CHOHCH,NR,
XXV XXVI XXVII

For the synthesis of the amino carbinols, two general methods are available,
both of which have been found advantageous in the present work. The more
convenient and direct method (XX-XXII) was satisfactory for the preparation
of amino carbinols derived from VI. This involves bromination of the acetyl
derivative, condensation of the bromo ketone with an appropriate amine, and
reduction of the amino ketone with aluminum isopropoxide to the carbinol.

In the series of amino carbinols derived from VII, the formation of bromo-
methyl ketones (XXVI) by direct bromination of VII was accompanied by a
considerable amount of nuclear bromination, presumably in the 8-position.
The ease of halogenation of the 8-position in 7-methoxytetrahydrophenanthrene
is evidenced by the ready formation of 7-methoxy-8-chlorotetrahydrophenan-
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threne by fusion with phosphorus pentachloride (6) and by the bromination of
the analogous 2-propionyl-6-methoxynaphthalene (9), which yields 2-(2-bro-
mopropionyl)-5-bromo-6-methoxynaphthalene. Therefore, XXVI was pre-
pared by oxidation to the acid and conversion of this to the bromo ketone through
the acid chloride and diazo ketone (XXIII-XXVI). The amino carbinols
(XXVII) were then prepared in the same manner as those from XX.

EXPERIMENTAL

All melting points are corrected for stem exposure.

Sodium tetrahydrophenanthrene-?-sulfonate (II). To 150 g. (0.825 mole) of 1,2,3,4-
tetrahydrophenanthrene brought quickly to a temperature of 160-165°, 90 cc. of concen-
trated sulfuric acid (sp. gr. 1.84) was added over a period of three minutes with vigorous
stirring. The mixture was heated at 160-165° for three additional minutes and then poured
into 800 ce. of water. The aqueous solution was boiled with charcoal and filtered with
suction. The excess sulfuric acid was neutralized with 35 g. of sodium carbonate, and the
solution was then saturated with 80-100 g. of sodium chloride at the boiling point and then
boiled for fifteen minutes. The suspension was cooled to 0° and the sodium sulfonate fil-
tered. The salt was recrystallized from as small an amount of boiling water containing
another 20 g. of sodium chloride as was required to dissolve the sulfonate. The product, a
white flaky solid (approximately 100 g.), was obtained by cooling to 0°, filtering, and drying
in an oven.

To characterize the sulfonic acid, the p-toluidine salt (5) was made. To 0.5 g. of the
purified sodium salt, dissolved in boiling water, 0.5 g. of p-toluidine and 2 cc. of concen-
trated hydrochloric acid was added. Needles separated almost at once; m.p. with decom-
position 293-295° after recrystallization from boiling water.

Anal. Cale’d for CHosNOsS: C, 68.3; H, 6.3.

Found: C, 68.5; H, 6.2

Potassium hydrozide fusion of sodium 1,2,8,}-tetrahydrophenanthrene-7-sulfonate: 7-hy-
drozytetrahydrophenanthrene (III). In a 500-cc. nickel crucible, fitted with a copper stirrer
and a thermometer sheathed with copper, were placed 300 g. of potassium hydroxide and §
cc. of water. The crucible was heated with a burner and 100 g. of dry recrystallized sodium
tetrahydrophenanthrene sulfonate, well pulverized, was added with stirring, when the
temperature of the molten potassium hydroxide was 220~230°. The temperature was raised
quickly to 300-305° and maintained at this temperature for five minutes, after which the
reaction product, while still hot, was carefully poured into a liter of ice. The aqueous solu-
tion was acidified with concentrated hydrochloric acid, cooled by adding ice, and filtered.
The product was redissolved in the minimum amount of aqueous sodium hydroxide solu-
tion and the solution filtered. The phenol was reprecipitated with acetic acid, washed with
water, dilute sodium bicarbonate solution, and finally with water. The yield of crude
dried phenol was 85-939,. It crystallized in the form of colorless needles from carbon
tetrachloride, and melted at 133-134°,

Anal. Cale’d for C1uH,0: C, 84.8; H, 7.1.

Found: C, 84.7; H, 7.3.

7-Methoxy-1,2,8, 4-tetrahydrophenanthrene (IV). To a solution of 183 g. (0.93 mole)
of crude dry phenol, obtained as above, in 500 cc. of water and 500 cc. of acetone containing
62 g. of 85%, potassium hydroxide (0.94 mole), 89 cc. (118 g., 0.94 mole) of dimethyl sulfate
was added dropwise, with vigorous stirring at room temperature. The reaction mixture
was warmed to reflux for two hours after the final addition, and allowed to stand overnight
at room temperature. The acetone layer was separated, and the aqueous layer was ex-
tracted with three 100-cc. portions of ether. The extracts and original acetone solution
were combined, washed with water, and dried over anhydrous magnesium sulfate. After
removal of the solvent, the product was distilled ¢n vacuo using a short Vigreux column
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and the fraction boiling at 160-163°/0.5 mm. was collected. The yield of crystalline solid
from methanol was 184.5 g. (849). It melted at 59-60°. Cook, Hewett, and Robinson
(10), who prepared this compound in an impure state from the corresponding methyl ether
of the octahydrophenanthrol (unsaturated only in the ring containing the methoxyl group)
by partial dehydrogenation over platinum black at 300°, report the melting point 60-61°.

Dehydrogenation of 7-methoxy-1,2,8,4-tetrahydrophenanthrene. A mixture of 2.2 g. of
7-methoxy-1,2,3,4-tetrahydrophenanthrene and 2 g. of selenium in a two-foot Pyrextube
was heated at 300° for eight hours, after which another 0.5 g. of selenium was added and the
reaction continued for six more hours. There was no further evolution of hydrogen sele-
nide, and the solidified methoxyphenanthrene was extracted with ether and filtered. Evap-
oration of the solvent and recrystallization of the solid residue from 959, ethanol gave 1.8
g. of product melting at 96~97°. The picrate (from ethanol) melted at 124-125°. Mixtures
of varying percentage samples of 2-methoxyphenanthrene prepared from 7-methoxytetra-~
hydrophenanthrene and 2-methoxyphenanthrene (courtesy of Dr. E. Mosettig) melted
at 96-97°. Mixtures of varying percentages of the picrates melted at 124-125°,

Acetyl-7-methoxy-1,2,8, -tetrahydrophenanthrene (VI and VII). To an ice-salt cooled,
well stirred mixture of 78 g. (0.58 mole) of aluminum chloride, 1000 ce. of carbon disulfide,
700 cc. of sym.-tetrachlorethane, and 57 g. (0.56 mole) of dry acetic anhydride, prepared ac-
cording to the method of Bachmann and Cronyn (4) by dissolving the aluminum chloride
in the solvents warmed to 45° followed by cooling to 0° in an ice-salt bath, a solution of 59
g. (0.278 mole) of 7-methoxy-1,2,3,4-tetrahydrophenanthrene in 200 cc. of carbon disulfide
was added dropwise. Stirring was continued for two hours after the final addition, and the
reaction mixture was placed in the refrigerator for twenty-four hours. After decanting off
the solvent and air drying the residue, the complex was hydrolyzed by the addition of ice
and 5% hydrochloric acid. The product was extracted with three 200-cc. portions of
ether; the extracts were combined, washed with water, and dried. The product was dis-
tilled in vacuo, the fraction boiling at 155-160°/.002 mm. being collected. The yield of a
mixture of plates and needles, which separated when the distillate was crystallized from
959, ethanol, was 58 g. (82%). The mixture was separated in poor yields by fractional
crystallization from 95% ethanol and gave plates and needles:

VI, m.p. of colorless plates 101.5-102.5°.

Anal. Cale’d for Ci7H150,: C, 80.3; H, 7.1.

Found: C, 80.2; H, 7.2,
VII, m.p. of colorless needles 90-91°.
Anal. Cale’d for Ci7H:0.: C, 80.3; H, 7.1.
Found: C, 80.3; H, 7.1.

Low temperature favored the predominance of isomer (VI), while higher temperatures
gave lower total yields, with isomer (VII) predominating.

7-Methoxy-9-acetyl-1,2,8, 4-tetrahydrophenanthrene (VII). Owing to the difficulty of
obtaining pure isomer (VII) by the above method, it was prepared by methylation of 7-
hydroxy-9-acetyltetrahydrophenanthrene, which was obtained by hydrolysis of the cor-
responding 7-acetoxy derivative the synthesis of which will be described by Mighton and
Elderfield (8). From 40 g. of the acetoxy derivative (VIII), 32.7 g. of the hydroxy deriva-
tive (IX) was obtained. )

To a solution of 85 g. (0.354 mole) of 7-hydroxy-3-acetyl-1,2,3,4-tetrahydrophenan-
threne in 500 cc. of acetone was added a solution of 23.4 g. of 859, potassium hydroxide
(0.354 mole) in 100 cc. of water. The mixture was heated to reflux and 34 cc. (454 g. or
0.354 mole) of dimethyl sulfate was added with stirring. Heating was continued for six
hours followed by the addition of the same amounts of potassium hydroxide solution and
dimethyl sulfate as before. The reaction mixture was allowed to stand at room tempera-
ture overnight. The crystalline product remaining after the removal of acetone was fil-
tered by suction and gave 69 g. (77%) of needles melting at 90-91° after two recrystalliza-
tions from 95% ethanol. This material when mixed with varying percentages of isomer
(VII) melted at 90-91°.
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7-Methory-8-acetyl-1,2,83, j-tetrahydrophenanthrene (VI). In this case also in order to
avoid the troublesome separation of isomers when the Friedel-Crafts reaction was carried
out directly on IV, the rearrangement of Fries (11) was applied to 7-acetoxy-1,2,3,4-tetra-
hydrophenanthrene (XVIII). A solution of 50 g. (0.208 mole) of the acetoxy compound
(VIII) (8) in 100 cc. of carbon disulfide was cooled in an ice-bath and 29 g. (0.216 mole) of
anhydrous aluminum chloride was added slowly with stirring. The reaction mixture was
refluxed for one hour on the steam-bath. The carbon disulfide was removed and the residue
was heated at 120-130° for four hours. The cake was hydrolyzed with ice and 5%, hydro-
chloric acid and the product was filtered, dissolved in aqueous sodium hydroxide, repre-
cipitated with hydrochloric acid, and washed. The yield of erude product was 30 g. (60%).
For purification it was distilled in vacuo and boiled at 160-170°/0.2-0.3 mm. After recrys-
tallization from ethanol and water, from which it separated as lustrous plates, it melted
at 86.5-87.5°.

Anal. Cale’d for C,cH140:: C, 80.0; H, 6.7.

Found: C, 80.2; H, 6.9.

To a solution of 10 g. (0.04 mole) of the acetyl phenol in 100 cc. of water and 100 cc. of
acetone containing 2.7 g. (0.041 mole) of 859 potassium hydroxide, 5.3 g. of dimethyl
sulfate (0.042 mole) was added dropwise with stirring at room temperature, and the mixture
was refluxed six hours and allowed to stand overnight. The acetone was distilled off and
the product filtered after cooling. Recrystallization from ethanol using decolorizing car-
bon (Norit-A) gave lustrous plates melting at 101.5-102.5°. Melting points of varying
percentage samples of the product and isomer (VI) obtained from the Friedel-Crafts reac-
tion, showed no depression.

7-Methoxy-8-ethyl-1,2,8, 4-tetrahydrophenanthrene (X). Fifty grams of mossy zine in &
500-cc. flask was washed with 109, hydrochloric acid and amalgamated by shaking for five
minutes with a solution of 5 g. of mercuric chloride and 10 cc. of concentrated hydrochloric
acid in 100 cc. of water. A mixture of 3 g. of 7-methoxy-8-acetyl-1,2,3,4-tetrahydro-
phenanthrene, 100 cc. of glacial acetic acid, 100 ce. of concentrated hydrochloric acid, 100
ce. of water, and 40 ce. of toluene was added, and the mixture was refluxed for twenty-four
hours. Two additional 40-ce. portions of concentrated hydrochloric acid were added after
sixteen and twenty hours. The solution was cooled, the toluene layer drawn off, and the
zine washed with ether. The aqueous solution was extracted with four 200-cc. portions of
ether, and the ether and toluene solutions combined and washed with 109 sodium hydroxide
and then with water. After drying the combined extracts, the solvents were removed,
leaving a viscous, pale yellow oil. This compound is reported an oil by Miyasaka and
Nomura (7).

1-Ethyl-2-methoxyphenanthrene (XI). A mixture of the pale yellow oil obtained above
and 3 g. of selenium powder was heated at 300-310° for fifteen hours in a two-foot Pyrex
glass tube (fitted with a gas outlet to the hood). The cooled residue was extracted with
ether, and the ether filtered. The residue, after removal of the ether, was taken up in
methanol, from which 1.5 g. (4% from the acetyl-methoxy compound) of l-ethyl-2-
methoxyphenanthrene separated. It melted at 126-128°,

1-Ethyl-2-methoxyphenanthrene was synthesized according to the method of Miyasaka
and Nomura (7). From 11 g. of 4-keto-7-methoxy-1,2,3,4-tetrahydrophenanthrene (cour-
tesy of Dr. L. Goldman of Cooper Union), 3.5 g. of 4-keto-7-methoxy-8-acetyl-1,2,3,4-
tetrahydrophenanthrene, melting at 155-157° after recrystallization from methanol (Miya-
saka and Nomura report 155-157°), and 4.5 g. of free phenol from the basic extract, were
obtained. Three grams of 4-keto-7-methoxy-8-acetyl-1,2,3,4-tetrahydrophenanthrene
was reduced by the Clemmensen method to give the oil deseribed by Miyasaka and Nomura.
This was subjected to dehydrogenation with selenium, as they describe, and 1-ethyl-2-
methoxyphenanthrene melting at 126-128° was obtained. Mixed melting points of vary-
ing percentage samples of the ecompound obtained as described above and 1-ethyl-2-meth-
oxyphenanthrene were 126-128°, indicating their identity and establishing the position
of the original acetyl group.
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7-Hydroxyl-1,8,3, 4-tetrahydrophenanthrene-8-aldehyde (XII). Following the procedure
of Adams and Levine (12), 34.7 g. (0.175 mole) of 7-hydroxy-1,2,3,4-tetrahydrophenan-
threne, 31 g. (0.265 mole) of zinc¢ cyanide, and 4.3 g. of potassium chloride were added to
300 cc. of anhydrous ether. Dry hydrogen chloride gas was passed rapidly into the well
stirred suspension for four hours, during which an oil separated out and solidified. After
decanting off the ether, the residue was taken up in 150 cc. of ethanol and 50 ce. of water
and refluxed for ten minutes. The light tan product was filtered off after cooling, and after
purification through the bisulfite addition product and recrystallization from 959, ethanol
using decolorizing carbon (Norit-A), 26.8 g. (68%,) of light yellow needles melting at 116.5-
117.5° was obtained.

Anal. Cale’d for Ci:H1O,: C, 79.6; H, 6.2,

Found: C, 79.8; H, 6.2.

The oxime was prepared by refluxing a solution of 25 g. (0.11 mole) of the aldehyde and
12.5 g. (0.153 mole) of hydroxylamine sulfate in 150 cc. of dry pyridine and 500 cc. of absolute
ethanol for twenty-four hours on the steam-bath. After removing the alcohol, the pyridine
solution was poured into ice. The yield of colorless micro needles, melting at 221-222° was
25.2 g. (95%).

Anal. Cale’d for CsHi:NO:: C, 74.7; H, 6.3.

Found: C, 74.6; H, 6.2.

7-Hydrozy-8-methyl-1,2,8,4-tetrahydrophenanthrene (XIII). Twenty-four grams (0.106
mole) of 7-hydroxy-1,2,3,4-tetrahydrophenanthrene-8-aldehyde, 48 g. of amalgamated
zine, 83 ce. of concentrated hydrochloric acid, 40 ce. of toluene, 20 cc. of acetic acid, and 30
cc. of water was heated to reflux for thirty-four hours. The toluene layer was separated
while still hot, and the aqueous layer and zinc residue were washed with two 50-ce. portions
of toluene. From the combined toluene extracts 7 g. of crystalline material melting at
170-172° was obtained on cooling to 0°. From the mother liquor only unreduced starting
material could be isolated. Recrystallization of the produect from toluene gave glistening
plates melting at 171-172°.

Anal. Cale’d for CisHsO: C, 84.9; H, 7.6.

Found: C, 85.2; H, 7.7.

7-Methoxy-8-methyl-1,2,8,4-tetrahydrophenanthrene (XIV). Two and one-tenth grams
(0.01 mole) of 7-hydroxy-8-methyl-1,2,3,4-tetrahydrophenanthrene was added to a solu-
tion of 1 g. of 859 potassium hydroxide (0.015 mole) in 20 cc. of water and 10 cc. of acetone.
To the stirred solution, 1.45 cc. (0.0153 mole) of dimethyl sulfate was added dropwise.
After stirring for three hours, the solution was allowed to stand overnight at room tempera-
ture, 200 cc. of water was added, and the product filtered. From ethanol 1.5 g. (67%) of
glistening scales, melting at 111-112°, was obtained. Hill, Short, and Higginbottom report
the melting point 111-112°.

1-Methyl-2-methozyphenanthrene. A mixture of 1.7 g. of 7-methoxy-8-methyl-1,2,3,4-
tetrahydrophenanthrene with 2 g. of selenium was heated in a two-foot Pyrex tube for
seventeen hours at 300°. The reaction mixture was thoroughly extracted with hot benzene,
filtered, and the residue recrystallized from chloroform-petroleum ether, and finally from
959, ethanol, giving colorless plates melting at 160.5-161°. Hill, Short, and Higginbottom
(1) report 161°, The corresponding phenol was prepared according to the method of Hill,
Short, and Higginbottom. It melted at 196-197.5°. They report 196-197°.

7-Methozy-1,2,3, 4-tetrahydrophenanthrene-8-aldehyde (XV). Following aprocedure of
Mundici (13), 1.9 g. of 7-hydroxy-1,2,3,4-tetrahydrophenanthrene-8-aldehyde was con-
verted to the sodium salt by dissolving the compound in the necessary amount of hot ethanol
and to this adding another solution containing the theoretical amount of sodium dissolved
in ethanol. One and nine-tenths grams of a fine yellow precipitate formed, which was
filtered and dried in an oven at 120° for fifteen minutes. To a stirred boiling suspension of
1.9 g. (0.0077 mole) of the sodium salt in 20 cc. of anhydrous toluene was added dropwise 0.9
ce. (0.0095 mole) of dimethyl sulfate, and refluxing was continued for two hours. After
adding 100 ce. of water, the toluene layer was washed with 2%, sodium hydroxide solution
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followed by water. The residue from evaporation of the toluene crystallized from acetone
and gave 1 g. (55%) of light yellow prisms melting at 142.5~143.5°.

Anal. Cale’d for CisHy0:: C, 80.0; H, 6.7,

Found: C,79.9; H, 6.9.

All attempts to convert the methoxy aldehyde into the methoxy acid resulted only in the
recovery of starting material. Likewise, a variety of conditions failed to hydrolyze the
methoxy nitrile to the methoxy acid.

?-Methoxy-1,2,8, 4-tetrahydrophenanthrene-8-aldehyde oxime (XVI). A solution of 10 g.
(0.0415 mole) of the aldehyde and 4.9 g. (0.06 mole) of hydroxylamine sulfate in 60 cc. of dry
pyridine and 200 ce. of absolute ethanol was refluxed for twenty-four hours on the steam-
bath. The aleohol was removed and the pyridine solution poured into water. The yield
of highly refractive needles from ethanol, melting at 198-199°, was 9.3 g. (87.5%).

Anal. Cale’d for CieH17NO»: C,75.2; H, 6.7.

Found: C, 75.3; H, 6.6.

?-Methory-8-cyano-1,2,8,4-tetrahydrophenanthrene (XVII). A solution of 5§ g. of 7-
methoxytetrahydrophenanthrene-8-aldehyde oxime in 125 cc. of dry acetic anhydride was
held at reflux for eight hours. The reaction mixture, after cooling, was poured into 500 cc.
of cold water with stirring, and the solid material filtered. Recrystallization from 95%,
ethanol gave 4.1 g. (88.5%,) of arborescent plates melting at 186-187°.

Anal. Cale’d for CieH;;NO: C, 81.0; H,6.4.

Found: C, 80.8; H, 6.4.

7-Methoxy-1,2,8, 4-tetrahydrophenanthrene-9-carbozylic acid (XXIII). Sixty-eight grams
(0.96 mole) of chlorine was bubbled into a well stirred mixture of 82 g. (2.02 mole) of sodium
hydroxide in 400 cc. of water and 800 g. of crushed ice. The reaction mixture tested alkaline
to litmus. Fifty and eight-tenths grams (0.2 mole) of 7-methoxy-9-acetyl-1,2,3,4-tetra-
hydrophenanthrene and 100 cc. ¢f purified dioxane were added. The mixture was warmed
to 75°, and after a few minutes a vigorous exothermic reaction took place, requiring external
cooling. The reaction was maintained at 75~80° for an additional one-half hour, followed
by distillation of 300 cc. of the solution, filtration hot, decomposition of excess hypochlorite
with 20 g. of sodium bisulfite in aqueous solution with stirring, and acidification with 80 cc.
of concentrated hydrochloric acid. The precipitated acid was filtered after cooling and air
dried. Recrystallization from ethanol yielded 48 g. (949) of colorless needles which melted
at 227-229°,

Anal. Cale’d for C6éH;s0s: C, 75.0; H, 6.3.

Found: C, 75.3,74.8; H, 6.3, 6.4.

7-Methoxy-1,2,8, 4-tetrahydrophenanihrene-9-acid chloride (XXIV). A mixture of 50 ce.
(83 g., 0.7 mole) of purified thionyl chloride, 70 cc. of dry, thiophene-free benzene, and 40
g. (0.156 mole) of 7-methoxy-1,2,3,4-tetrahydrophenanthrene-9-carboxylic acid was heated
to reflux for two hours with careful exclusion of moisture, followed by removal of solvent
and excess thionyl chloride by distillation 7n vacuo. Another 100 cc. of dry benzene was
distilled from the residue, which was then taken up in 70 cc. of hot benzene and filtered.
The acid chloride crystallized in fine colorless needles, melting at 139-141°, and was used in
the subsequent reaction at once to avoid hydrolysis.

To characterize the acid chloride, the p-toluide was made. The residue left after remov-
ing the benzene from the reaction mixture of equivalent amounts of the acid chloride and
p-toluidine crystallized in slender colorless needles from 95% ethanol, m.p. 207-208°.

Anal. Cale’d for C53H2aNO,: C, 80.0; H, 6.7,

Found: C,79.9; H,6.5.

7-Methozry-1,2,8,4-tetrahydrophenanthrene-9-diazomethyl ketone (XXV). To an ice cold,
well stirred solution of diazomethane [from 30 g., (0.29 mole) of nitrosomethylureal in 500
cc. of dry ether and 200 ce. of dry benzene, was added 20 g. (0.073 mole) of the acid chloride
in small portions. After the addition was complete, the solution was allowed to come to
room temperature and stirring was continued for five hours. KExcess diazomethane and
ether were removed ¢n vacuo below 30°, and the diazo ketone crystallized from the cold
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benzene in clusters of fine colorless needles, melting with decomposition at 125-126°. The
diazo ketone decomposes on standing at room temperature and was therefore used at once
to prepare the bromo or chloro ketones.

7-Methoxy-9-(w-bromoacetyl)1,2,8, 4-tetrahydrophenanthrene  (XXVI). The benzene
solution of the diazo ketone from the previous reaction was filtered and transferred to a
500-cc. three-necked flask immersed in a water bath at 15-20°. Fifteen cubic centimeters
of 489, hydrobromic acid was added dropwise with stirring, and stirring was continued for
one hour after the final addition. Excess hydrobromic acid was neutralized with aqueous
potassium carbonate; the benzene solution was washed with water and dried over anhydrous
magnesium sulfate. The benzene was concentrated to 100 cc., maintaining the temperature
of the bath below 60°, and to the warm solution 100 cc. of pentane was added. The crystal-
line bromo ketone separated in clumps of pale yellow needles which melted at 95-06°.
Yield, 15 g. (62% from the acid chloride). The chloro ketone, which is more stable, was
made in the same way, using concentrated hydrochloric acid (sp. gr. 1.19) in place of hydro-
bromic acid, It erystallized in fine, pale ycllow needles from isopropyl ether, and melted
at 102-103°. Varying percentage samples of the bromo ketones prepared as above and by
the method described for XX melted at 95-96°.

To characterize the bromo ketone, the benzoate was made by refluxing equivalent
amounts of sodium benzoate and the bromo ketone in 50% ethanol for two hours. On cool-
ing, a silky mass of fine needles of the benzoate erystallized and melted, after recrystalliza-
tion from 959, ethanol, at 145-146°.

Anal. Cale’d for CaaH,04: C,77.0; H, 5.9,

Found: C,76.7; H, 5.9.

7-Methozy-1,2,8, 4-tetrahydrophenanthrene-9-chlorohydrin. A method furnished by Dr.
T. L. Jacobs (14) was followed. Twenty grams (0.069 mole) of the chloro ketone was re-
fluxed for thirty minutes with a solution of 70.4 g. (0.345 mole) of aluminum isopropoxide
in 200 ce. of dry isopropyl alcohol. The reaction mixture was then poured into a mixture
of ice and 200 cc. of 1:1 hydrochloric acid with stirring, followed by dilution to 2 liters.
Upon recrystallization from 95%, ethanol, 18 g. (89%) of the chlorohydrin separated in
clusters of micro needles, melting at 157-158°.

Anal. Cale'd for Ci7H,sCl0,: C, 70.2; H, 6.6.

Found: C, 69.9; H, 6.8.

7-Methoxy-9-(8-dimethylamino-1-hydroxyethyl)-1,2,8, 4-tetrahydrophenanthrene. To a
well stirred solution of 6 g. (0.133 mole) of dimethylamine in 60 cc. of anhydrous ether in a
flask cooled below 10° in a cold water-bath, and provided with a nitrogen inlet tube, 11 g.
(0.33 mole) of (XXVI) was added slowly and the stirring was continued for three hours.
The dimethylamine hydrobromide was filtered off, after bringing the temperature of the
ether to —5°. The ether solution was washed with water and dried over anhydrous mag-
nesium sulfate. After removing the solvent and excess dimethylamine 7n vacuo from the
oily free base in the flask used for reduction, 60 ce. of 1 M aluminum isopropoxide and 50
ce. of dry isopropyl alcohol were added, and the flask was fitted with a 12-inch Vigreux
column provided with a dropping-funnel for continuous addition of dry isopropyl alcohol.
Distillation was continued for an hour after the distillate gave a negative test for acetone
with 2,4-dinitrophenylhydrazine reagent. The isopropyl alcohol was removed and the
residue treated with an excess of 109, sodium hydroxide with warming to ensure complete
solution of the aluminum salts. The amino carbinol was extracted with ether after cooling,
and the ether extract dried thoroughly with anhydrous magnesium sulfate. The dimethyl-
amino carbinol hydrochloride was precipitated by adding dry ethereal hydrogen chloride
to the ice cold solution, allowing the first turbidity to crystallize hefore adding any addi-
tional hydrogen chloride gas. Eight grams (72%) of crude amino carbinol hydrochloride
precipitated and was washed with anhydrous ether. After recrystallization from ethyl
acetate and acetone, 5 g. of analytically pure clusters of colorless needles was obtained,
which melted at 183-184.5°.

Anal. Cale’d for CisH26CINO,: C, 67.9; H, 7.8.

Found: C, 67.8; H, 7.8.
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7-Methozy-9-(2-diethylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene. The pro-
cedure was essentially that outlined above, using an excess of diethylamine, except that
stirring was continued in a stream of nitrogen for eight hours. From 2 g. of bromo ketone,
1.1 g. (50.5%) of amino carbinol hydrochloride was obtained, which crystallized from ethvl
acetate in clumps of needles and melted at 180-181°.
Anal. Cale’d for CH;0CINO;: C, 69.3; H, 8.3.
Found: C, 69.3; H, 8.3
Attempts to synthesize the corresponding diamylamino carbinol both from the bromo
ketone and the chlorohydrin (14) resulted only in the precipitation of an oil with ethereal
hydrogen chloride, which did not crystallize.
7-Methozy-8-(w-bromoacetyl)-1,2,8, 4-tetrahydrophenanthrene (XX). To a well stirred
mixture of 4 g. (0.0156 mole) of 7-methoxy-8-acetyl-1,2,3,4-tetrahydrophenanthrene in 75
ce. of glacial acetic acid cooled to 10° in a cold water-bath, 5 drops of acetic acid saturated
with hydrogen bromide at 0° was added, followed by 0.85 cc. of bromine, dropwise, while a
stream of carbon dioxide gas was passed through the solution. The mixture was stirred
fifteen minutes after the final addition, and then the mixture was poured over 100 g. of ice
with stirring. The crude crystalline product was filtered off and recrystallized from iso-
propyl ether using decolorizing carbon (Norit-A) and avoiding heat as much as possible.
The yield of micro prisms melting at 96.5-97.5° was 4.5 g. (86%). The bromo ketone de-
composes slowly on standing at room temperature, and rapidly if heated. For this reason
it was used at once in the subsequent reactions.
7-Methozy-8-(2-dimethylamino-1-hydrozyethyl)-1,2,3, 4-tetrahydrophenanthrene. The
procedure was essentially that outlined for 7-methoxy-9-(2-dimethylamino-1-hydroxy-
ethyl)-1,2,3,4-tetrahydropbenanthrene, with the exception that the 8-bromo ketone is
less reactive and required a longer period of standing under a nitrogen atmosphere to get
an almost complete theoretical recovery of amine hydrobromide. The bromo ketone was
added to excess dimethylamine in ether contained in a bottle. The air was replaced by
nitrogen and the bottle stoppered and allowed to stand with occasional shaking for twelve
hours. The amine hydrobromide was filtered off after cooling in ice, and the procedure
outlined in detail previously followed. A 509, yield of micro needles melting at 224~225°
was obtained.
Anal. Cale’d for CioHy,CINO,: C, 67.9; H, 7.8.
Found: C, 67.9; H, 7.9.
7-Methoxy-8-(2-diethylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene. The pro-
cedure outlined above was followed, but condensation required forty-eight hours. A 40%
yield of miero needles from acetone-ethyl acetate, melting at 177-178°, wag obtained.
Anal. Cale’d for CoH;CINO,: C, 69.3; H, 8.3.
Found: C, 69.1; H, 8.4.
7-Methozy-8-(2-di-n-amylamirio-1-hydroxyethyl)-1,2,8, 4-tetrahydrophenanthrene. The
procedure outlined above was followed except that an equivalent amount of di-n-amyl-
amine was used instead of an excess, and after decomposing thte reduction product with
godium hydroxide, the alkaline solution was steam distilled to remove unreacted diamyl-
amine, and the aqueous layer was extracted with ether to recover the amino alcohol. A
329, yield of micro needles, melting at 183-184°, was obtained after recrystallizing the prod-
uct from ethyl acetate.
Anal. Cale’d. for CyyHCINO,: C, 72.4; H, 9.4.
Found: C, 72.2; H, 9.5.

The microanalyses here reported were done by the Misses Frances E. Marx
and Lois E. May.
SUMMARY

1. 7-Methoxy-1,2,3,4-tetrahydrophenanthrene has been prepared from tet-
rahydrophenanthrene-7-sulfonic acid.
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2. Since acetylation of 7-methoxy-1,2,3,4-tetrahydrophenanthrene by the
Friedel-Crafts method leads to a difficultly separable mixture of the 8- and
9-acetyl derivatives, alternate syntheses of the two latter compounds are
described.

3. The synthesis of representative 7-methoxy-1,2,3,4-tetrahydrophenan-
threne-8- and 9-N, N-dialkylamino carbinols is described.

New York 27, N. Y.
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In other communications (1, 2) the synthesis of N, N-dialkylamino carbinols
derived from 7-hydroxy- and 7-methoxy-1,2,3,4-tetrahydrophenanthrene
as well as the synthesis of the parent nuclear substituted tetrahydrophenan-
threnes is described. In the present paper, we wish to present the results of
further study of the preparation and reactions of other nuclear substituted
tetrahydrophenanthrene derivatives. The work forms part of a broad general
program dealing with tetrahydrophenanthrene derivatives as antimalarials.

For the introduction of nuclear substituents into the 7-position of tetrahydro-
phenanthrene, the 7-hydroxy derivative (I) described by Griffing and Elderfield
(2) provides perhaps the most convenient starting point. By use of the Bucherer
reaction, this was readily converted into T7-aminotetrahydrophenanthrene
(II). The latter compound was obtained as a solid. Bachmann and Cronyn
(3) describe 7-aminotetrahydrophenanthrene, obtained by Beckmann rearrange-
ment of a mixture of the oximes of 7- and 9-acetyltetrahydrophenanthrene and
fractional crystallization of the resulting acetylamines, as an oil.

Diazotization of II and reaction of the diazonium salt with cuprous chloride
according to a modification of the Sandmeyer method worked out in these
laboratories for application to phenanthrene derivatives (4) resulted in a good
yield of 7-chlorotetrahydrophenanthrene (III). By the Friedel-Crafts reaction
between II1 and acetyl chloride, 7-chloro-9-acetyltetrahydrophenanthrene (IV)
was prepared. The position occupied by the acetyl group in IV was shown by
reduction of IVto7-chloro-9-ethyltetrahydrophenanthrene (V) by the Clemmensen
method, followed by removal of the chlorine in V by hydrogen and palladium
on calcium carbonate to yield the known 9-ethyltetrahydrophenanthrene (VI)
(5).

From IV by established methods shown in VII-IX, representative 7-chloro-
tetrahydrophenanthrene-N ,N-dialkylamino carbinols were prepared (IX-
X1I).

A second series of nuclear substituted tetrahydrophenanthrenes investigated
was that derived from 7-methoxy-8-chlorotetrahydrophenanthrene (XIV).
This substance is readily prepared by a reaction applied to 2-methoxynaphtha-
lene by Autenrieth and Mithlinghaus (6) and involves fusing 7-methoxytetra-
hydrophenanthrene (XIII) with phosphorus pentachloride. Although the
position assigned to the chlorine in XIV can be argued by analogy to the naphtha-

1 The work deseribed in this paper was done under a contract, recommended by the Com-
mittee on Medical Research, between the Office of Scientific Research and Development and
Columbia University.
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lene derivative described by Autenrieth and Miihlinghaus, it was possible to
confirm this by an independent synthesis of XIV. Robinson and Thompson
(7) have described the synthesis of v-(5-chloro-6-methoxy-2-naphthyl)butyric
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acid (XVI) in which the positions of the chlorine and methoxyl group are estab-
lished. The same workers have also described 4-keto-7-methoxy-8-chlorotetra-
hydrophenanthrene (XVII). By application of the phosphorus pentachloride
reaction to +y-(6-methoxy-2-naphthyl)butyric acid (XV), XVI was obtained
which agreed in properties with the compound described by Robinson and
Thompson. Ring closure of XVI with sulfuric acid gave XVII, again agreeing
in properties with the material described by Robinson and Thompson. Clemmen-
sen reduction of XVII gave XIV, which was identical with the substance pre-
pared directly from 7-methoxytetrahydrophenanthrene.
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Acetylation of XIV by the Friedel-Crafts method led to an excellent yield
of 7-methoxy-8-chloro-9-acetyltetrahydrophenanthrene (XVIII). The position
of the acetyl group in XVIII was shown by reduction of the acetyl group to
ethyl followed by simultaneous cleavage of the ether and reduction with hydriodic
acid to give the previously known 7-hydroxy-9-ethyltetrahydrophenanthrene
(XX) (1). From XVIII representative dialkylamino carbinols (XXIII and
XX1V) were prepared by the same general method shown in IV-IX.

The experience of Robinson and Willenz (8) on the action of halogen acids
on 8-chloro-3’-keto-4-acetoxy-7-methoxy - 1,2 - cyclopentenophenanthrene
prompted us to study the action of such acids on XIV-and XVIII in order
to see whether the reactions described by the English workers are character-
istic of the phenanthrene system or whether they are also applicable to a
naphthalene nucleus (tetrahydrophenanthrene can best be regarded as a 1,2-
dialkylnaphthalene rather than as a true phenanthrene). In summary, Robin-
son and Willenz noted that when their 7-methoxy-8-chlorophenanthrene deriva-
tive was boiled with hydriodic acid, reductive removal of the chlorine occurred
in addition to cleavage of the ether; on the other hand, hydrobromic acid merely
cleaved the ether and left the chlorine intact.

In the naphthalene series as indicated by the present experiments, the con-
clusions of Robinson and Willenz were substantiated in the case of the hydriodic
acid reaction. In addition, some interesting observations on the hydrolytic
fission of tetrahydrophenanthrene ketones by acids were made. Reaction of
7-methoxy-8-chloro-9-ethyltetrahydrophenanthrene (XIX) with hydriodic acid,
as shown above, led to removal of the chlorine as well as cleavage of the ether.
When XVIII was refluxed with hydriodic acid, the ether was cleaved and both
the chlorine and acetyl groups were removed with the formation of 7-hydroxy-
tetrahydrophenanthrene (1) as the product of the reaction. When the reaction
was applied to 7-methoxy-9-acetyltetrahydrophenanthrene (XXV) and to 9-
acetyltetrahydrophenanthrene (XXVI) the acetyl group was removed in both
cases, leading to 7-hydroxytetrahydrophenanthrene (I) and tetrahydrophenan-
threne (XXVII), respectively.

In the reaction of 7-methoxy-8-chloro-9-ethyltetrahydrophenanthrene (XIX)
with hydrobromie acid in acetic acid, our results do not parallel strictly thoseof
Robinson and Willenz on the removal of chlorine from the nucleus. Thus, when
XIX was treated with hydrobromic acid, removal of the chlorine occurred to a
certain extent as evidenced by the isolation of a small amount of XX from the
reaction products. On the other hand, when XVIII and XIV were treated
with hydrobromic acid, 7-hydroxy-8-chlorotetrahydrophenanthrene (XXVIII)
was obtained. Reaction of 9-acetyltetrahydrophenanthrene (XXVI) with
hydrobromic acid, like the reaction with hydriodic acid, caused cleavage of the
ketone, and gave tetrahydrophenanthrene (XXVII).

QOur experiences on the behavior of 1,2-dialkylnaphthalene derivatives in so
far as tetrahydrophenanthrene derivatives may be taken as representative
may be summarized as follows: In the case of 5-chloro-6-methoxy-1,2-dialkyl-
naphthalenes, treatment with hydriodic acid results in complete reductive re-
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moval of the chlorine in addition to cleavage of the ether; treatment with
hydrobromic acid may result in partial removal of the chlorine in addition to
cleavage of the ether. Both hydrobromic and hydriodic acids cause hydrolytic
fission of an acetyl group in the 4-position of the 1,2-dialkylnaphthalene.
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Hill and Short (11), in their study of the hydrolytic fission of aromatic ketones
in the desoxybenzoin series with hydrobromic acid, concluded that fission occurs
only when the aromatic nucleus possesses a hydroxyl or methoxyl group. They
suggested that the influence of the hydroxyl (or methoxyl) group may be caused
by the electromeric shift of electrons to the carbon which is the point of attach-
ment of the acetyl group to the ring, effecting the acceptance of a proton by that
carbon. Apparently, the electron density around the 9-carbon in tetrahydro-
phenanthrene ishigh enough to permit cleavage of unsubstituted 9-acetyltetra-
hydrophenanthrene without further activation by a hydroxyl or a methoxyl
group. The high electron density is attested to by the reactivity of the 9-
position in tetrahydrophenanthrene in bromination and Friedel-Crafts reactions
(1, 2, 3, 5) and by the similarly high reactivity of the analogous 4-position in
1,2-dimethylnaphthalene (12, 13) and in 1-methylnaphthalene (14). Further
investigation of the scope of this reaction is planned.

A pronounced steric hindrance of the 8-chlorine and of the 9-acetyl group in
XVIIlisindicated by the nonreactivity of the two groups toward reagents with
which they would normally be expected to react. Thus catalytic removal of
the chlorine with hydrogen over a palladium on calcium carbonate catalyst, a
reaction which proceeded quantitatively with V, failed completely with XVIII.
The presence of the methoxy! group in the ortho position undoubtedly caused
this failure, since Robinson and Willenz (8) experienced the same difficulty in
their 7-methoxy-8-chlorophenanthrene derivative in which the 9-position is
unoccupied. The resistance of 7-methoxytetrahydrophenanthrene-8-aldehyde
to oxidation (2) can be attributed to the same effect. Likewise, the acetyl group
in XVIII was resistant to the action of hydroxylamine and to oxidation with
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sodium hypochlorite. That this non-reactivity of the acetyl group may be
attributed to the chlorine is evidenced by the successful outcome of the two
latter reactions with the analogous chlorine-free compeund (XXV) (2).

The microanalyses reported in this paper were performed by Miss Frances
E. Marx and Miss Lois E. May of these laboratories.

EXPERIMENTAL

All melting points are corrected for stem exposure.

7-Amino-1,2,3, 4-tetrahydrophenanthrene (II). A mixture of 280 g. (1.4 moles) of finely
ground crude 7-hydroxy-1,2,3,4-tetrahydrophenanthrene (2) and 700 cc. of aqueous am-
monia (sp. gr. 0.9) containing 150 g. of sulfur dioxide was heated with stirring at 150-155°
for thirty hours in a one-gallon mechanically stirred high pressure autoclave (Will Cor-
poration, Cat. No. 1734). After cooling, the contents of the autoclave were washed out
with water. The main product was a2 heavy mass of tar. This was added to a small amount
of material which was filtered from the water washings of the autoclave, and the combined
product was dissolved in a mixture of 600 cc. of alcohol and 300 cc. of concentrated hydro-
chloric acid. The mixture was digested until uniform and then decanted from a small
amount of tarry material into 2.5 1. of water. The tan solid which separated was filtered
off and suspended in 600 ce. of 3 N sodium hydroxide solution and extracted with three 500-
cc. portions of ether. A small amount of 7-hydroxy-1,2,3,4-tetrahydrophenanthrene was
recovered on acidification of the water layer. The ether layer was dried with magnesium
sulfate and the amine hydrochloride was precipitated by passing hydrogen chloride gas
over the surface of the stirred ethereal solution until no further precipitate separated.
There was thus obtained 163-174 g. of light pink product which melted at 289-291° dec.
The yield was 50-539% based on crude 7-hydroxy-1,2,3,4-tetrahydrophenanthrene. The
hydrochloride was recrystallized from ethanol, from which it separated as colorless needles
which melted at 290-292° dec.

Anal. Cale’d for CsHsCIN: C, 71.9; H, 6.9.

Found: C, 71.8; H, 7.1.

The free base was liberated by treating a sample of the hydrochloride with 1 ¥ sodium
hydroxide and extracting with ether. The ether was dried over magnesium sulfate and
then evaporated to dryness. The residue was crystallized from petroleum ether (Skelly-
solve B), from which it separated as prisms melting at 76.5-77.5°.

Anal. Cale’d for C4Hy:N: C, 85.2; H, 7.7,

Found: C, 85.3; H,7.7.

Bachmann and Cronyn (3) report that 7-amino-1,2,3,4-tetrahydrophenanthrene is an
oil and that its hydrochloride melts at 238-239°. Unfortunately, we had none of their
compound for comparison.

7-Chloro-1,2,8, 4-tetrahydrophenanthrene (III). To a suspension of 98 g. (0.42 mole)
of 7-amino-1,2,3,4-tetrahydrophenanthrene hydrochloride in 1600 cc. of glacial acetic
acid and 650 cc. of concentrated hydrochloric acid cooled to —2°in an ice-salt bath, was
added a solution of 49 g. (0.7 mole) of sodium nitrite in 70 cc. of water, over a period of an
hour. During this time the reaction mixture darkened to a red-brown color. After the
addition of the nitrite, stirring was continued for two hours, at —2 to —5°. A solution of
36 g. (0.6 mole) of urea in 100 cc. of water was then added over & period of thirty minutes.
After continued stirring for two and one-half hours, the solution gave a negative starch-
iodide test for nitrous acid.

Meanwhile a solution of cuprous chloride was prepared by adding a hot solution of 84
g. (0.8 mole) of sodium bisulfite and 56 g. (1.4 moles) of sodium hydroxide in 550 cc. of water
to a hot solution of 385 g. (1.5 moles) of cupric sulfate (CuSO,-5H,0) and 100 g. (1.7 moles)
of sodium chloride in 1100 cc. of hot water with stirring. After cooling, the cuprous chlo-
ride was filtered off and dissolved in 650 cc. of concentrated hydrochloric acid.
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The diazonium solution at 0° was rapidly poured into the cuprous chloride solution at
—2°  Some solid separated and the temperature rose to 4°. The green-black solution was
stirred for three hours at room temperature and then for one hour at 70°. After cooling
overnight in the refrigerator, the aqueous solution was decanted from the solid on the bot-
tom and sides of the flask. The aqueous layer was extracted with benzene twice, and the
crude solid product was then dissolved in the benzene extracts. The benzene solution was
concentrated under reduced pressure and the residue was distilled at 147-149°/0.4 mm.
The yield was 61 g. (67%) of material which melted at 51-52°. Recrystallization from
ethanol gave transparent, irregular plates which melted at 53-53.5°.

Anal. Cale’d for CisHyi;Cl: C, 77.6; H, 6.1.

Found: C, 77.4; H, 6.1.

7-Chloro-9-acetyl-1,2,83, 4-tetrahydrophenanthrene (IV). The general method of Bach-
mann and Cronyn (3) was used. To a suspension of 64 g. (0.48 mole) of anhydrous alumi-
num chloride in 600 cc. of pure carbon disulfide was added 30 g. (0.38 mole) of acetyl chloride
and the mixture was stirred for fifteen minutes. After the addition of 400 cc. of tetrachloro-~
ethane, the solution was stirred for another fifteen minutes and then warmed to 45° for a
few minutes. A solution of 43.5 g. (0.2 mole) of 7-chloro-1,2,3,4-tetrahydrophenanthrene
in 60 cc. of carbon disulfide was added to the solution at 10°. Hydrogen chloride was
evolved, and a precipitate separated from the deep green solution. After stirring for
thirty minutes longer at room temperature, the mixture was placed in the refrigerator for
twenty hours. The yellow complex was filtered off, washed with carbon disulfide, and
spread out on filter paper to dry for an hour. It was decomposed by adding it in portions
to 5% hydrochloric acid and crushed ice. The tan solid which separated was recrystallized
from ethanol with charcoal (Norit-A) decolorization. The yield was 39 g. of 7-chloro-9-
acetyl-1,2,3,4-tetrahydrophenanthrene which melted at 86.5-88°. Concentration of the
ethanol solution gave 5 g. more, or 44 g. in all (85%). Recrystallization from ethanol gave
colorless needles melting at 88-89°,

Anal. Cale’d for CyeH;sC10: C, 74.3; H, 5.8.

Found: C, 74.6; H, 6.0.

7-Chloro-9-ethyl-1,2,8, 4-telrahydrophenanthrene (V). A mixture of 7 g. of 7-chloro-9-
acetyl-1,2,3 4-tetrahydrophenanthrene, 30 g. of amalgamated zine, 60 ce. of glacial acetic
acid, 60 cc. of concentrated hydrochloric acid, and 30 ce. of toluene was refluxed for twenty-
four hours, an additional 45 cc. of concentrated hydrochloric acid being added in portions
over this period. After cooling, the toluene was separated; the zinc and then the agueous
layer were extracted with ether and the organic solvents were combined. The solution
was washed with water, dried with magnesium sulfate and concentrated to dryness. The
residue was sublimed at 180° at 0.2 mm. and 5 g., or 76%, yield was obtained. Recrystal-
lization from alcohol-acetone gave elongated prisms melting at 37-37.5°.

Anal. Cale’d for CsHy;Cl: C, 78.5; H, 7.0.

Found: C, 78.7; H, 6.9.

9-Ethyl-1,2,8, 4-tetrahydrophenanthrene (VI). A solution of 1.5 g. of 7-chloro-9-ethyl-
1,2,3,4-tetrahydrophenanthrene ir 60 cc. of absolute aleohol containing 1.0 g. of potassium
hydroxide was shaken with hydrogen in the presence of a palladium on calcium carbonate
catalyst (9). The theoretical volume of hydrogen was taken up within twenty minutes.
The alcohol was removed under reduced pressure and the residual oil was distilled at 200°
and 0.2 mm. in a molecular still. The crude distillate crystallized on cooling in the refrig-
erator overnight and melted at 21-23°. The picrate crystallized from ethanol as bright
orange needles melting at 125.5-126.5°.

9-Ethyl-1,2,3,4-tetrahydrophenanthrene was prepared by Clemmensen reduction of 9-
acetyl-1,2,3,4-tetrahydrophenanthrene according to Bachmann and Struve (5). It melted
at 21-23° and the picrate prepared from it melted at 125-126°. Mixed melting point de-
terminations with mixtures of varying compositions of samples of the hydrocarbon and its
picrate prepared by the two procedures showed no depression.

7-Chloro-9-(w-bromoacetyl)-1,2,8, 4-tetrahydrophenanthrene (VII). To a solution of 26
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g. (0.1 mole) of 7-chloro-9-acetyl-1,2,3,4-tetrahydrophenanthrene in one liter of anhydrous
ether was added dropwise with constant stirring 5.14 cc. (16 g. or 0.1 mole) of bromine. The
first few drops were added very slowly to the solution at room temperature. After the
color had disappeared, the remainder of the bromine was added more rapidly to the ethereal
solution cooled in an ice-water bath. When the reaction was complete, the mixture was
chilled and 22 g. of bromo ketone was filtered off. Concentration of the ether solution to
100 cc. gave an additional 7 g., or a total of 29 g. (86%). Recrystallization from absolute
alcohol with charcoal (Norit-A) treatment gave long, colorless needles which melted at
124-125°.
Anal. Cale’d for CiH1:BrClO: C, 56.9; H, 4.2.
Found: C, 56.9; H, 4.4.
7-Chloro-9-(2-dimethylamino-1-hydrozyethyl)-1,2,3, i-tetrahydrophenanthrene (IX). A
solution of 6.8 g. (0.02 mole) of (VII) in 140 ce. of benzene was added slowly with stirring to
a golution of 2.7 g. (0.06 mole) of dimethylamine in 30 cc. of ether. The mixture was shaken
by hand for fifteen minutes and was then allowed to stand for forty-eight hours. The
mixture was cooled and the dimethylamine hydrobromide which separated was filtered off.
The solvent was evaporated from the filtrate under reduced pressure, and the residual oil
was taken up in ether and washed twice with water. After drying the ether with magne-
sium sulfate, the solvent was removed under reduced pressure and the residue was reduced
with 45 cc. of a hot molar solution of aluminum isopropoxide in anhydrous isopropyl alco-
hol. The reduction was run in a flask equipped with a 10-inch Vigreux column, and at the
start the mixture was heated so that a fairly rapid distillation ensued for about fifteen
minutes. The distillation was then slowed down and continued until a negative 2,4-
dinitrophenylhydrazine test for acetone in the distillate was obtained. The result of the
test was regarded as negative only when the first few drops of distillate after refluxing
without distillation for fifteen minutes failed to give a cloudy solution with 2,4-dinitro-
phenylbydrazine test solution. The reaction mixture was then concentrated 7n vacuo to a
paste. Excess 109, sodium hydroxide solution was added and the mixture was heated with
stirring on the steam-bath until all the sluminum salts were in solution. After cooling,
the amino carbinol was extracted with ether and the ether solution was dried over magne-
sium sulfate. The amino carbinol was precipitated as the hydrochloride by cautiously
adding a dilute solution of dry hydrogen chloride in ether to the ice cold ethereal solution
to slight turbidity. Three and five-tenths grams (52%) of crystalline product separated
on cooling in the refrigerator overnight. Upon recrystallization from acetone-methanol-
ether, it formed colorless plates which melted at 224-225°.
Anal. Cale’'d for CisHyCLNO: C, 63.5; H, 6.8.
Found: C, 63.3; H, 6.8.
7-Chloro-9-(2-diethylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene (X). Reac-
tion of 6.8 g. (0.02 mgqle) of VII with 4.4 g. (0.06 mole) of diethylamine in the manner de-
seribed above gave 3.5 g. (48%) of amino carbinol hydrochloride. Recrystallization from
acetone-ether gave colorless rectangular plates which sintered at 168° and melted at 170+
171°
Aneal. Cale’d for CeoH2;CLNO: C, 65.2; H, 7.4.
Found: C, 65.3; H, 7.2.
7-Chloro-9-(2-di-n-amylamino-1-hydrozyethyl)-1,2,8, 4-tetrahydrophenanthrene (XI) SN-
12,858)2 Six and eight-tenths grams (.02 mole) of VII and 6.3 g. (.04 mole) of di-n-amyl-
amine were combined in the manner described above up to the final precipitation of the
amino carbinol hydrochloride. Ethereal hydrogen chloride was carefully added to the
ether solution of the amino carbinol until precipitation of unreacted diamylamine was
complete, as indicated by no further formation of an immediate precipitate on addition of

2 The Survey Number, designated SN, identifies a drug in the records of the Survey of
Antimalarial Drugs. The antimalarial activities of those compounds to which Survey
Numbers have been assigned will be tabulated in a forthcoming monograph.
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fresh hydrogen chloride. The diamylamine hydrochloride was filtered and ethereal hydro-
gen chloride was added to the filtrate which now became turbid and only slowly deposited
crystals on the walls of the flask. After cooling in the refrigerator overnight, 3.6 g. (40%)
of crystalline product was obtained. Recrystallization from ethyl acetate gave needles
melting at 155-156°.
Anal. Cale’d for C2eH3yCLNO: C, 69.0; H, 8.7,
Found: C, 68.7; H, 8.5.
7-Chloro-9-(2-dihexylamino-1-hydrozyethyl)-1,2,3, 4-tetrahydrophenanthrene (XI1I). Re-
action of 6.8 g. (0.02 mole) of VII with 7.5 g. (0.04 mole) of dihexylamine in the manner de-
scribed for the dimethylamine condensation produced 4.9 g. (519%) of amino carbinol hydro-
chloride. Colorless needles, melting at 143-144°, were obtained by recrystallization from
acetone-ether.
Anal. Cale’d for CasHy:CLNO: C, 700, H, 9.0.
Found: C, 70.2; H, 9.0.
7-Methoxy-8-chloro-1,2,3, 4-tetrahydrophenanthrene (XIV). To a stirred melt of 48 g.
(0.23 mole) of 7-methoxy-1,2,3,4-tetrahydrophenanthrene heated in an oil-bath to 80° was
added 48 g. (0.23 mole) of finely powdered phosphorus pentachloride in small quantities.
The temperature of the oil-bath was raised slowly to 135° to prevent solidification of the
reaction mixture. After all the phosphorus pentachloride had been added, heating at 135°
with stirring was continued for thirty minutes, after which time the initially copious evolu-
tion of hydrogen chloride gas had subsided. The reaction mixture was cooled somewhat
and cold water was added slowly. A vigorous reaction ensued with hydrogen chloride
evolution, and a greenish-white solid separated. The solid was broken up into lumps,
filtered, and finally crushed in a mortar. After washing with water, the crude product was
dried in a desiccator overnight. The product was recrystallized from 700 cc. of absolute
alcohol, giving 46 g. or 80%, of material which melted at 124-125.5°. Recrystallization from
absolute aleohol gave colorless prisms melting at 126-126.5°.
Anal. Cale’d for CisHisCIO: C, 73.0; H, 6.1.
Found: C, 73.3; H, 6.2.
v-(6-Methoxy-2-naphthyl)butyric acid (XV). This reduction was run by the method of
Sherman, Goldman, and Clayton (10). A mixture of 18 g. (0.07 mole) of 3-(6-methoxy-2-
naphthoyl)propionic acid (kindly furnished us by Dr. C. 8. Sherman), 50 g. of amalgamated
zine, 3 cc. of acetic acid, 100 ce. of concentrated hydrochloric acid, and 90 cc. of toluene
was refluxed for twenty-four hours, an additional 60 ce. of hydrochloric acid being added
in portions over this period. After decantation, the zinc and aqueous layer were washed
with toluene, and the combined toluene solution was washed with water and then with one
100-cc. portion and three 50-cc. portions of 1 N sodium hydroxide solution containing some
sodium hydrosulfite. The sodium hydroxide solution was heated to 80° and 5 cc. of di-
methyl sulfate was added dropwise with stirring. After allowing it tq stand overnight, the
golution was acidified with dilute hydrochloric acid, and the precipitate was filtered off.
The gummy solid was taken up in hot benzene, coneentrated and distilled under vacuum.
Eight grams of solid (47%) boiling at 175-178°/0.3 mm. was obtained. After recrystalliza-
tion from acetone-petroleum ether, the product melted at 134-135° (10).
v-(5-Chloro-6-methoxy-2-naphthyl)butyric acid (XVI). An intimate mixture of 1.2 g.
(0.005 mole) of v-(6-methoxy-2-naphthyl)butyric acid and 2.1 g. (0.01 mole) of phosphorus
pentachloride was warmed on the steam-bath. A vigorous reaction started almost im-
mediately, with evolution of hydrogen chloride gas. After ten minutes, the reaction mix-
ture was cooled somewhat, and decomposed with water. The yellow-white solid which
separated was dissolved in 2 ¥ sodium hydroxide solution. The sodium hydroxide solution
was filtered, and the acid was reprecipitated from the filtrate with dilute hydrochloric
acid. One and two-tenths grams (939,) of product melting at 133-136° was obtained,
which was pure enough to be used in the next reaction. Recrystallization from aqueous
aleohol gave colorless plates melting at 137-138°. Robinson and Thompson (7) report that
this compound melts at 137-138°.
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4-Keto-7-methoxy-8-chloro-1,2,8, 4-tetrahydrophenanthrene (XVII). Ring closure of
0.9 g. of v-(5-chloro-6-methoxy-2-naphthyl)butyric acid by the method described by Robin-
son and Thompson (7) gave 0.5 g. of 4-keto-7-methoxy-8-chloro-1,2,3,4-tetrahydrophenan-
threne melting at 169-170°.

7-Methoxy-8-chloro-1,2,8, 4-tetrahydrophenanthrene (XIV). A mixture of 0.4 g. of 4-keto-
7-methoxy-8-chloro-1,2,3,4-tetrahydrophenanthrene, 5 g. of amalgamated zine, 10 cc. of
glacial acetic acid, 10 cc. of concentrated hydrochloric acid, 10 cc. of water, and 4 ce. of
toluene was refluxed for twenty-four hours, two additional 2-cc. portions of hydrochloric
acid being added after fifteen and eighteen hours. The toluene was separated; the zine
and aqueous layer were washed with ether. The combined toluene-ether solution was
washed with water, then with 1 N sodium hydroxide solution and then with water again.
The organic layer was dried with magnesium sulfate and evaporated to dryness under re-
duced pressure. Recrystallization of the crystalline residue from hot absolute aleohol gave
0.2 g. of crystalline solid melting at 123.5-125°. After another recrystallization, the product
melted at 124.5-125.5°. The melting points of mixtures of varying percentage compositions
of this sample and the material prepared as above showed no depression.

7-Methoxy-8-chloro-9-acetyl-1,2,8, 4-tetrahydrophenanthrene (XVIII). To a solution of
43 g. (0.175 mole) of 7-methoxy-8-chloro-1,2,3,4-tetrahydrophenanthrene in 400 ce. of
carbon disulfide (dried over phosphorus pentoxide) cooled to 5° in an ice-water bath was
added 56 g. (0.42 mole) of anhydrous aluminum chloride. The cooling bath was then re-
moved and 26.8 g. (0.26 mole) of acetic anhydride was added dropwise over the course of
an hour, with continuous stirring. The temperature rose sufficiently during the addition
of the acetic anhydride to boil the carbon disulfide, and refluxing was continued for one-
half hour after all the acetic anhydride had been added, by warming on the steam-bath.
Decomposition of the complex was accomplished by dropping 5% hydrochloric acid into
the carbon disulfide and boiling the solvent off with the heat generated by the decom-
position reaction. The last traces were removed by heating on the steam-bath under re-
duced pressure. The green-black solid which remained was heated with about 1200 cc.
of benzene and 400 cc. of 209, hydrochloric acid. The benzene was washed twice with 3
N sodium hydroxide solution, then twice with water, and was dried over magnesium sulfate.
The hot, dried solution was then treated with decolorizing carbon (Norit-A), filtered, and
allowed to stand in the refrigerator overnight. The precipitate was filtered off and washed
with ether. Forty-seven grams (94%) of crude material melting at 121-124° was obtained.
Repeated recrystallization from ethanol with charcoal (Norit-A) decolorization, gave 41
g. of transparent, colorless elongated plates melting at 127.5-128°.

Anal. Cale’d for C7H,;,C10:: C, 70.7; H, 5.9.

Found: C, 70.9; H, 6.1.

7-Methozy-8-chloro-9-ethyl-1,2,8, 4-tetrahydrophenanthrene (XIX) and its reaction with
hydriodic acid. A mixture of 4 g. of 7-methoxy-8-chloro-9-acetyl-1,2,3,4-tetrahydro-
phenanthrene, 30 g. of amalgamated zine, 60 cc. of acetic acid, 60 cc. of concentrated hydro-
chloric acid, and 30 cc. of toluene was refluxed for twenty-four hours, an additional 45 cc.
of hydrochloric acid being added in portions over this period. The toluene was separated;
30 cc. of warm toluene was used to wash the zine and the aqueous layer. The combined
toluene solution was washed twice with water, twice with 5%, potassium hydroxide solution,
and again with water, Acidification of the alkaline extract caused no precipitation. The
toluene solution was evaporated to dryness under reduced pressure, leaving an oil which
resisted all attempts at purification by sublimation or erystallization. It was found to be
insoluble in hot 59, potassium hydroxide solution, and failed to give any coloration with
19, ferric chloride solution.

To the oily product above were added 25 cc. of hydriodic acid (sp. gr. 1.7), 90 cc. of glacial
acetic acid, and 3 cc. of water, and the mixture was refluxed for twenty-four hours. After
cooling slightly, the reaction mixture was poured into 150 cc. of ice-water, and the free
iodine present was removed by bubbling sulfur dioxide through the solution, The green
semi-solid mass which separated was dissolved in 5%, potassium hydroxide solution and
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reprecipitated, after filtration, with dilute hydrochloric acid. The yellow gummy solid
was taken up in benzene, concentrated to dryness under reduced pressure, and vacuum
sublimed at 160° and 0.1 mm. The sublimate was crystallized from carbon tetrachloride,
and 1.7 g. (54%) of yellow-white solid was obtained, melting at 157-160°. Recrystalliza-
tion from carbon tetrachloride gave colorless, glistening, flat prisms melting at 165-166°.
Anal. Cale’d for C;6H,50: C, 84.9; H, 8.0.
Found: C, 84.8; H, 8.0.

Mixed melting points of mixtures of varying percentage compositions of this sample
and an analytical sample of 7-hydroxy-9-ethyl-1,2,3,4-tetrahydrophenanthrene prepared
from 7-acetoxy-9-acetyl-1,2,3,4-tetrahydrophenanthrene (1), were 164.5~165.5°.

Reaction of 7-methoxy-8-chloro-9-ethyl-1,2,8, 4-tetrahydrophenanthrene (XI1X) with hydro-
bromic acid. Seven grams of 7-methoxy-8-chloro-9-acetyl-1,2,3,4-tetrahydrophenanthrene
was reduced by the method described above. The oily product was refluxed with 150 cec.
of hydrobromie acid (sp. gr. 1.5) and 150 cc. of acetic acid for four hours. The reaction
product was worked up in the same manner as in the hydriodic acid reaction. Sublimation
and crystallization from carbon tetrachloride gave 0.7 g. (129%) of product melting at 163~
164°. Mixed melting points of mixtures of varying percentage compositions of this com-
pound and the analytical samples of 7-hydroxy-9-ethyl-1,2,3,4-tetrahydrophenanthrene
showed no depression.

7-Methoxy-9-ethyl-1,2,8, 4-tetrahydrophenanthrene (XXI). Clemmensen reduction of
7-methoxy-9-acetyl-1,2,3,4-tetrahydrophenanthrene (2) by the procedure described above
for 7-chloro-9-acetyl-1,2,3 4-tetrahydrophenanthrene gave 7-hydroxy-9-ethyl-1,2,3,4-
tetrahydrophenanthrene (1). Five and five-tenths grams of 7-hydroxy-9-ethyl-1,2,3,4-
tetrahydrophenanthrene was added slowly to an ethereal solution of diazomethane pre-
pared from 7.5 g. of N-nitrosomethylurea. After standing at room temperature overnight,
the ether and excess diazomethane were evaporated. The residue solidified on cooling,
and upon crystallization from methanol, yielded 4.8 g. of crude product. Recrystallization
of & portion from methanol gave colorless, long needles melting at 60-61°.

Anal. Cale’d for C,7H.60: C, 84.9; H, 8.4.

Found: C, 84.6; H, 8.3.

Chlorination and reduction of 7-methoxy-9-ethyl-1,2,8, 4-tetrahydrophenanthrene (XXI).
The crude 7-methoxy-9-ethyl-1,2,3,4-tetrahydrophenanthrene (4.8 g.) obtained above
was chlorinated with 5 g. of phosphorus pentachloride, following the general procedure
described above for 7-methoxy-1,2,3,4-tetrahydrophenanthrene. The crude oily product
was then treated with 75 ce. of hydrobromic acid and 75 cc. of acetic acid exactly as de-
scribed above, and 0.6 g. of 7-hydroxy-9-ethyl-1,2,3,4-tetrahydrophenanthrene was ob-
tained.

Reaction of 7-methoxy-8-chloro-9-acetyl-1,2,3,4-tetrahydrophenanthrene (XVIII) with
hydrobromic acid; 7-hydroxy-8-chloro-1,2,8,4-tetrahydrophenanthrene (XXVIII). A mix-
ture of 2.5 g. of XVIII, 50 cc. of hydrobromic acid, and 50 ce. of acetic acid was refluxed for
four hours. The reaction product was cooled and poured into 100 cc. of ice-water, where-
upon a flaky precipitate separated. The solid was sublimed at 160° at 0.3 mm. The
sublimate was taken up in 5% potassium hydroxide solution, and, after filtration of the
alkaline solution, the product was reprecipitated with dilute hydrochloric acid. One and
three-tenths grams (65%) of crude product was obtained. Recrystallization from meth-
anol-water gave colorless rods melting at 111-112°.

Anal. Cale’d for CsH13Cl10: C, 72.3; H, 5.6.

Found: C, 72.5; H, 5.8.

Reaction of 7-methory-8-chloro-1,2,8,4-tetrahydrophenanthrene (XIV) with hydrobromic
acid. Reaction of 2.5 g. of XIV exactly as described above gave 1.4 g. (60%) of product
melting at 106-109°, Recrystallization of the material from methanol-water brought the
melting point to 110-111°, Mixed melting points of varying percentage compositions of
this product and the analytical sample of 7-hydroxy-8-chlore-1,2,3,4-tetrahydrophenan-
threne showed no depression.
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Reaction of 7-methoxy-8-chloro-9-acetyl-1,2,3,4-tetrahydrophenanthrene (XVIII) with
hydriodic acid. A mixture of 3 g. of XVIII, 25 ¢c. of hydriodic acid, 90 cc. of acetic acid,
and 3 cc. of water was refluxed for twenty hours. After cooling, the reaction mixture was
diluted with water, treated with sulfur dioxide to remove free iodine, and filtered. The
crude product obtained was vacuum sublimed at 150° and 0.1 mm., yielding 1.5 g. (75%) of
sublimate, which, after recrystallization from carbon tetrachloride, melted at 132-133°.
Mixed melting points of several mixtures of this sample and an analytically pure sample
of 7-hydroxy-1,2,3,4-tetrahydrophenanthrene (2) showed no depression. One-half gram
of the above product was acetylated with acetic anhydride and sodium acetate, as de-
scribed by Mighton and Elderfield (1). Two crystallizations from aleohol gave a product
melting at 77-78°. Acetylation of pure 7-hydroxy-1,2,3,4-tetrahydrophenanthrene under
the same conditions gave a product which, after two recrystallizations, also melted at 77~
78°. Mixed melting points of several different mixtures of the two preparations showed no
depression.

Reaction of 7-methoxy-9-acetyl-1,2,3,4-tetrahydrophenanthrene (XXV) with hydriodic
acid. Reaction of 2.5 g. of XXV with hydriodic and acetic acids as described above, and
recrystallization of the crude product from ethanol-water gave 1.8 g. (90%) of product
melting at 127-130°. Recrystallization from carbon tetrachloride gave colorless needles
melting at 133-134°. Mixed melting points of mixtures of varying percentage compositions
of this sample and pure 7-hydroxy-1,2,3,4-tetrahydrophenanthrene remained 133-134°.

Reaction of 9-acetyl-1,2,8,4-tetrahydrophenanthrene (XX VI) with hydriodic acid. Reac-
tion of 2.5 g. of XXVI with hydriodic acid and acetic acid as described above produced a
semi-solid product on cooling the diluted reaction mixture. This product was extracted
with ether and, after drying with magnesium sulfate, the solvent was removed under re-
duced pressure. The residue was dissolved in ethanol-methanol (1:2) and cooled, yielding
plates melting at 32-33°. Mixed melting points of mixtures of varying compositions of this
compound and 1,2,3,4-tetrahydrophenanthrene showed no depression.

To the filtrate from the above crystals, a warm saturated solution of picric acid in eth-
anol was added. Three grams (66%) of picrate, melting at 109-111° was obtained. Re-
crystallization from ethanol gave a product melting at 110.5-112°. Mixed melting points
of mixtures of varying percentage compositions of this sample and pure 1,2,3,4-tetra-
hydrophenanthrene picrate melting at 111-112° showed no depression.

Reaction of 9-acetyl-1,2,8,4-tetrahydrophenanthrene (XXVI) with hydrobromic acid.
Reaction of 2.5 g. of XXVI with hydrobromie acid by the method used with XVIII above
produced a brown semi-solid product on cooling the diluted reaction mixture. Extraction
with ether, followed by crystallization from methanol, gave plates melting at 31-32°.
Melting points of mixtures of this material with authentic 1,2,3,4-tetrahydrophenan-
threne of varying composition showed no depression. The picrate (yield 50%) melted at
110-112° after crystallization from alcohol and showed no depression in melting point when
mixed with an authentic sample.

7-Methoxy-8-chloro-9-(w-bromoacetyl)-1,2,8, 4-tetrahydrophenanthrene (XXII). To a
suspension of 28.9 g. (0.1 mole) of 7-methoxy-8-chloro-9-acetyl-1,2,3,4-tetrahydrophenan-
threne in 750 cc. offether and 75 cc. of chloroform was added dropwise with stirring 5.1 ce.
(16 g. or 0.1 mole) of bromine. After the addition of the first few drops, the solution was
warmed slightly to start the reaction. The solution decolorized rapidly after a short while,
and the flask was cooled in cold water during the remainder of the addition of the bromine.
The clear solution which remained after addition of all the bromine was rapidly washed
with water, and dried over magnesium sulfate. On standing in the refrigerator 32 g. (87%)
of solid separated, melting at 147-150°. Recrystallization from ethanol gave fluffy, color-
less needles, which melted at 152-153°.

Anal. Cale’d for Ci7;H;BrClO;: Br, 21.7; Cl, 9.6.

Found from total AgX, assuming molecule has 1 Br and 1 Cl: Br, 22.0; C1, 9.8.
7-Methozy-8-chloro-9- (2-dimethylamino-1-hydrozyethyl) -1,2,8,4-tetrahydrophenanthrene
(XXIII) (SN-9050).2 A solution of 5.5 g. (0.015 mole) of XXII in 100 cc. of acetone and
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100 ce. of dry benzene was added to a three molar quantity (2.02 g.) of dimethylamine in
ether. The mixture was stirred for three hours and was then allowed to stand overnight.
The solvents were removed under reduced pressure, and the residue was taken up in ether.
The ether was cooled in the refrigerator for an hour, decanted from amine hydrobromide,
and then was washed well with water. After drying over magnesium sulfate, the ether
was concentrated under reduced pressure, and the residue was reduced with 30 cc. of 1 M
aluminum isopropoxide in anhydrous isopropyl aleohol. The reduction was run for two
hours, although the acetone test was negative after one hour. After evaporation of the
solvent, the residue was treated with 3 N sodium hydroxide solution and then extracted
with ether. The ether layer was washed twice with water, dried over magnesium sulfate
and the filtrate was cooled in an ice-water bath. Addition of ethereal hydrogen chloride
precipitated an oil, which crystallized from acetone on scratching, yielding 2.3 g. (41%) of
crude product. Recrystallization from methanol-ether produced colorless prisms which
melted at 242-244° dec.

Anal. Cale’d for C19H25C12N02: C, 616; H, 6.8.

Found: C, 61.9; H, 6.6.

?-Methoxy-8-chloro-9- (2-diethylamino-1-hydrozyethyl) -1,2,8,4-tetrahydrophenanthrene
(XXIV). Reactionof 5.5g. (0.015 mole) of XXII with 3.6 g. (0.045 mole) of diethylamine
in the manner described above produced 2.1 g. (35%) of amino carbinol hydrochloride.
Recrystallization from acetone-methanol-ether gave rectangular prisms melting at 209-
210°.

Anal. Calc’d for ClenClzNOz: C, 633; H, 7.3.

Found: C, 63.4; H, 7.1.

Condensation of 7-methoxy-8-chloro-9-(w-bromoacetyl)-1,2,8, 4-tetrahydrophenanthrene
(XXII) with higher dialkylamines. Several attempts were made to condense dipropylamine
and diamylamine with the bromo ketone in the same manner as the dimethyl compound.
In all cases, only intractable oils were formed, along with a very considerable amount of
dialkylamine hydrochloride. The amination step was found to proceed slowly, and 90%
of dialkylamine hydrobromide was usually obtained after two weeks’ standing at room
temperature, The reduction, however, was found to be extremely slow, and the distillate
was found to contain some acetone even after thirty hours’ reduction. Condensation and
reduction in an atmosphere of nitrogen produced no significant change in the results.

SUMMARY

1. Two series of dialkylaminomethyl-1,2,3,4-tetrahydrophenanthrene-9-
methanols derived from 7-chloro-1,2,3,4-tetrahydrophenanthrene, and from
7-methoxy-8-chloro-1,2,3,4-tetrahydrophenanthrene have been prepared.

2. The reactivity of the chlorine in 7-methoxy-8-chloro-1,2,3,4-tetrahydro-
phenanthrene derivatives toward hydriodic and hydrobromic acids has been
studied.

3. The hydrolytic fission of 1,2,3,4-tetrahydrophenanthrene-9-methyl ke-
tones by hydriodic and hydrobromic acids has been described.

NeEw York 27, N. Y.
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In the course of work in this laboratory we have had occasion to prepare
substituted a-dialkylaminomethyl-1-naphthalenemethanols from the relatively
easily available haloketones 1. Difficulties (1) with the traditional method of
preparing amino aleohols from haloketones by way of the amino ketones II
led us to the alternate route by way of the halohydrins III, members of a type

COCH:X COCH:NR, CIH(OH)CHgNRz
2HNR, [H] /\
—R.NH.HX \)
| b )
Y Y Y
I I v

CH(OH)CH,X T

' |
Al[OCH(CHy).]; ( 2HNR, |
N —R,NH-HX
Y
III

substance often converted to amino alcohols. This route finally proved very
satisfactory after we learned how to reduce the haloketones in high yield. Our
syntheses with the 4-substituted naphthyl derivatives by this method are re-
ported in this article.

The initial attempts at the key step, the reduction with aluminum isopro-
poxide of the haloketones I, were carried out with 4-methoxy-1-naphthyl chlo-
romethyl ketone (1). A conventional procedure (2), which involved distilla-

1 This work was done under a contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and Development and the University of
California, Los Angeles. The survey number, designated SN, identifies a drug in the
records of the Survey of Antimalarial Drugs. The antimalarial activity of those com-
pounds to which such numbers have been assigned will be tabulated in a forthcoming mono-
graph.
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tion of acetone and isopropyl aleohol through a column jacketed with refluxing
methanol, was employed in these first attempts. Our results were discouraging
and very different from those obtained with the somewhat analogous haloke-
tone, phenacyl bromide, by Lund (3), who reported a yield of 859,. Instead
they recalled the low yields of halohydrin reported by Stevens and co-workers
(4) and by one of us (5) from the aluminum isopropoxide reduction of the
other monohaloketones, a-bromopropiophenone, a-bromoisobutyrophenone, 2-
bromocholestene-4-one-3 (4), and a-bromocyclohexanone (5).

In the early reduction attempts the analysis for acetone in the distillate greatly
exceeded the theoretical. Treatment of the difficult reaction mixture either
with base in an attempt to isolate oxide V or with acid to isolate chlorohydrin

0]
2\
(IJH(OH)CHzX (|}H—-—CH2
) —
Y Y
11I Vv

(IIHz CHO ?HzCHzOH
\/) | '
v
VII

III did not yield these materials in any kind of purity. There was isolated
repeatedly a product of over-reduction which corresponded in melting point
and analysis to §-(4-methoxy-1-naphthyl)ethyl alcohol VII previously reported
by Kon and Ruzicka (6). Stevens and co-workers (4), in the work cited above,
isolated materials which could have arisen from an oxide. Similarly, our naph-
thylethyl alecohol VII probably arose, by way of the aldehyde VI, from oxide V
which was produced in the reaction mixture from halohydrin III.

Although at least 1309, of the theoretical amount of acetone could be obtained
from the reduction of the 4-methoxynaphthalene derivative, a plot of the amount
of acetone collected against time revealed that the distillation of acetone was
fairly slow after approximately 859, had been collected. In an attempt to
avoid some of the destruction of halohydrin III after its formation, the reac-
tion was interrupted after 859, of the theoretical acetone had been distilled.
Only then was it possible to obtain substantial amounts of the desired product.
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Treatment of the reaction mixture with base gave a product which contained
oxide V and which yielded a solid derivative on treatment with acetic acid and
acetic anhydride, analyzing correctly for the corresponding glycol diacetate
VIII. Treatment of the reaction mixture with hydrochloric acid gave a prod-
uct from which a moderate yield of erystalline chlorohydrin ITI was obtained.

Further experimentation revealed that the rate of distillation of acetone was
a very poor indication of its rate of formation. In fact, the reduction is very
rapid. A series of experiments (Table ITT) revealed that much shorter reaction
times gave improved yields by decreasing the subsequent reaction of the halo-
hydrin. Yields of 979, were obtained consistently with a reaction time of

0O
AN
CH—CH, ?H(OAG) CH:0OAc
| |
Y Y
v VIII

approximately eighteen minutes and the use of 5 moles of isopropoxide to 1
mole of haloketone. With this short reaction time no attempt was made to
distill off acetone. While we have not inquired further into the situation, it is
clear that the use of a large excess of aluminum isopropoxide and a short reac-
tion time in our work makes possible complete reduction without appreciable
destruction of halohydrin.

We have used the type procedure described above for the haloketone reduc-
tion on the 4-bromo- and 4-chloro-1-naphthyl bromomethyl ketones (1, 7)
and 4-chloro-1-naphthyl chloromethy! ketone without exploring for optimum
conditions, yields of 85-89 9, being obtained. The properties of the 4-sub-
stituted e-naphthylethylene halohydrins are summarized in Table I. In ad-
dition we have applied the method in this laboratory to the preparation of other
substituted a-naphthylethylene halohydrins to be described in detail elsewhere
(8). Yields of 90-999, have been obtained. Table IV summarizes all the
haloketone reductions.

The conversion of the halohydrins to amino alcohols proceeded satisfactorily,
Table 1T summarizing the compounds together with melting points and analyses.
The conversion of a halohydrin to an amino alcohol sometimes definitely in-
volves an oxide intermediate (9, 10) and possibly does so generally (4). Because
an unsymmetrical oxide may conceivably be opened in two different directions,
the amino alcohol may sometimes not correspond to the original halohydrin
(10). Fortunately, this ambiguity does not exist in the present situation since
the structure IV is expected (11) whether or not the oxide is an intermediate.
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TABLE I
Havorypring YC,HsCH(OH)CH,X rroM ALUMINUM IsoProPOXIDE REDUCTION oOF
HALOKETONES
ANALYSIS
Y x u.p. °C Cale’d Found
%c | 9H %C %H
4-OCH;, Cl 98-994 65.95 5.53 65.78 5.69
4-Br Br 89-90 43.61 3.05 43.51 3.16
4-Cl Cl 75-76.5 59.78 4.18 5%.67 4.27
4-Cl Br 68-69 50.46 3.53 50.59 3.63

¢ Another crystalline modification, m.p. 66-67°.

TABLE I1
Amino Arnconors YC,:HsCH(OH)CH;NR, rroM HALOHYDRINS
ANALYSIS
SN Y R ».p. °C Calc’d Found
% C % H % C % H
6409 4-OCH, n-CH,e 151-154 68.93 | 8.81 | 68.65 | 8.83
8990 | 4-OCH, n-C;Hy, ® 125-127 70.10 | 9.21 {70.24 | 9.35
8725 | 4-Br n-CsHy, ® 106-108¢ 59.66 | 7.51 | 59.53 | 7.39
: 126.5-128.0 )
8679 4-Br n-CrH;,? 44 67.51 | 8.72 | 67.56 | 8.68
8678 4-Br n-CoHyt 39-40 69.47 | 9.33 | 69.43 | 9.23
8736 4-Cl n-CsyHy o 100-101 66.32 | 8.35 | 66.12 | 8.35
¢ Hydrochloride.
b Free amino alcohol.
< Two crystalline modifications.
EXPERIMENTAL

All melting points are corrected. Analyses were by Jack W. Ralls or Bruce Day.

Preparation of haloketones. The haloketones are described elsewhere (1, 8) with the
exception of 4-chloro-l1-naphthyl chloromethyl ketone which was prepared by chlorina-
tion of 4-chloro-1-acetonaphthone (7). To a solution of 0.1 mole of ketone in 125 ml. of
glacial acetic acid was added a few drops of ethereal hydrogen chloride. Then an equiva-
lent amount of chlorine in 125 ml. of glacial acetic acid was added over a period of approx-
imately a half hour. The reaction mixture was poured into 2.5 1. of ice-water and stirred
for half anhour. The solid was filtered and air-dried. Recrystallization from hexane gave
90% yield of product, m.p. 69-70°.

Anal. Cale’d for C;;HCl,0: C, 60.28; H, 3.37.

Found: C, 60.18; H, 3.48.

Reduction of haloketones. Distilled aluminum isopropoxide and isopropanol, distilled
from this reagent, were employed. An apparatus similar to the one described by Wilds (2)
was used, involving the use of a condenser jacketed with refluxing methanol as a column.
Analysis for acetone in the isopropanol-acetone distillate was carried out by Marasco’s
method (12). Table III summarizes some of the unsuccessful attempts with 4-methoxy-1-
naphthyl chloromethyl ketone (1) and then illustrates the variation in the yield with the
experimental conditions. Experiment 1 yielded no crystalline product and was not carried



154 WINSTEIN, JACOBS, HENDERSON, AND FLORSHEIM

through to any characterized material. In experiment 2, 0.10 mole of chloro ketone was
treated until 118%, acetone was evolved, then the reaction mixture was treated with water
and the product was extracted with ether. The ether extract yielded no crystalline mate-
rial. Molecular distillation yielded a product which was treated with alecoholic sodium
hydroxide and then subjected to an attempted vacuum distillation. No distillate was
obtained at expected pressures and temperatures. Extraction of the residues with ligroin,
b.p. 60-70°, gave about 2 g. of a brown solid, m.p. 70-80°. Three recrystallizations from
carbon tetrachloride yielded a white solid, m.p. 83-84°. Kon and Ruzicka (6) report 87°
as the melting point of 8-(4-methoxy-1-naphthyl)ethyl alcohol.

Anal. Cale’d for Ci3H140,: C, 77.20; H, 6.98.

Found: C, 76.83; H, 7.04.

From the behavior of halohydrin on treatment with base and distillation of the oxide

as described in the following article (11) it is clear that the 8-(4-methoxy-1-naphthyl)ethyl

TABLE III

SomMmary or ReEpucrioNs oF 4-METHOXY-l-NAPHTHYL CHLOROMETHYL KETONE WITH
AvumiNnuM ISOPROPOXIDE

EXP. 1SOPROPANOL ML® |[AL(i-PRO):; MOLES®| TIME HRS.: MIN. % ACETONE %% YIELD
1 1600 0.50 130 0
2 3000 3.0 118 0
3 3000 0.33 85 4
4 3000 0.78 87 37
5 2400 2.0 2:15 88 42
6 2400 2.0 1:35 79 62
7 10000 5.0 1:25 68 66
8 4000 5.0 0:50 63 67
9 4000 5.0 0:25 74

10 10000 5.0 0:18 97

11 5000 2.5 0:05 254

& Per mole of haloketone.

b 8-(4-methoxy-1-naphthyl)ethyl alcohol found.
¢ Oxide identified as glycol diacetate.

¢ Mostly starting material obtained.

aleohol did not arise from halohydrin during the treatment for working up the reaction
mixture.

In experiment 3, 0.10 mole of chloro ketone was treated until 85% acetone was distilled,
then the reaction mixture was treated with sodium hydroxide and extracted with ether.
Evaporation of the ether left an impure oil. A portion, 0.50 g., of this oil was treated with
a mixture of 5.0 ml. of glacial acetic acid and 5.0 ml. of acetic anhydride on the steam-bath.
Water was added, the mixture was extracted with ether, the ether extract was washed with
carbonate solution and dried over potassium carbonate. Evaporation of the ether and
recrystallization from ligroin, b.p. 75-135°, yielded ca. 50 mg. of glycol diacetate, m.p.
86-87.5°.

Anal. Cale’d for Ci7H1:05: C, 67.54; H, 6.00.

Found: C, 67.23; H, 5.92.

In the remaining experiments of Table III the reaction mixture was cooled and poured
into a slush of ice and 6 N hydrochloric acid in 109, excess over the isopropoxide used.
Further dilution with water and cooling gave an oil in the cases where the product was
impure. The oil was extracted with ether, the extract was washed with water, then car-
bonate solution, and dried over potassium carbonate. Evaporation of the ether left an
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0il which was recrystallized from ligroin, b.p. 60~70°. The yields in Table III reflect a
loss of material in the recrystallization.

In the experiment using the 18-minute reaction time separate solutions of the chloro
ketone and aluminum isopropoxide, previously brought to a boil, were mixed and held
under reflux the specified time. No attempt was made to distill off acetone. The reaction
mixture was cooled and treated with a slush of 6 N hydrochloric acid and ice. The mixture
was then diluted and left in the cold room or agitated for an hour or two with a motor-
driven stirrer in an ice-bath. Filtration and washing of the crystalline product yielded
practically pure material after drying in a vacuum desiccator over sulfuric acid.

Essentially this latter procedure was used in the reduction of the 4-chloro-1-naphthyl
and the 4-bromo-1-naphthyl halomethyl ketones (1, 7) and also in connection with other
halo-1-acetonaphthones (8). There was no attempt in these cases to find optimum con-
ditions. Table IV summarizes the conditions and yields of material directly isolated in
nearly pure form (m.p. only 1 to 6° low).

For purification, the halohydrins were recrystallized from ligroin (b.p. 60-70°) or diiso-
propyl ether.

TABLE IV
Repuction orF YC;;HsCOCH.X BY ALUMINUM ISOPROPOXIDE
¥ b4 | -PROH 12 Ar(i-PrO)» MOLES® TIME MIN. % YIELD
4-OCH; Cl 10 5 18 97
2-Cl Br 7 5 25 90
4-Cl Cl 15 5 18 88
4-Cl Br 5 5 18 85
6-Cl Cl 5 5 18 95
7-Cl Cl 3 3 18 99
2-Br Br 6 5 20 94
4.Br Br. 2 2 35 89

a Per mole of haloketone.

Conversion of halohydrins to amino alcohols. A mixture of halohydrin and dialkylamine®

was kept twelve to twenty-four hours at 120°. When the amine was dibutyl- or diamyl-
amine, four moles of amine were used per mole of halohydrin. The reaction mixture was
treated with 6 N sodium hydroxide and freed from excess amine by steam distillation.
The amino alcohol was taken up in ether and the ether extract was dried over potassium
carbonate. The amino alcohol hydrochloride was precipitated by the addition of ethereal
hydrogen chloride and recrystallized from acetone, methanol, or ethanol by addition of
ether. Yields were 56-78%.

For the action of diheptyl- and dinonyl-amine on the 4-bromo-1-naphthylethylene chlo-
rohydrin the procedure, which is capable of improvement was as follows: Two moles of
amine were employed per mole of halohydrin. After being heated, the reaction mixture
was stirred with ether and solid was removed. The ether solution was washed with sodium
hydroxide, then water, and was then dried over magnesium sulfate. Distillation of the
ether left an oil which solidified on cooling. Three recrystallizations of the amino alcohol
from alcohol left a 37% yield in the case of the diheptyl and a 329, yield in the case of the
dinonyl derivative.

The addition of water to the mixture of amine and 4-methoxy-1-naphthylethylene chlo-
rohydrin produced a two-phase initial reaction mixture and lower yields were obtained.

2 The dialkylamines were supplied in some cases by Dr. Elderfield and co-workers at
Columbia University.



156 WINSTEIN, JACOBS, HENDERSON, AND FLORSHEIM

The addition of dioxane to give an initially homogeneous reaction mixture did not remedy
the situation. Water tended to produce glycol as in the following case.

A mixture of 0.05 mole of 4-methoxy-1-naphthylethylene chlorohydrin, 0.10 mole of
dipropylamine, 0.3 mole of water and enough dioxane to give one phase was held in a sealed
tube forty-five hours at 127°. The contents of the tube and 10 ml. of 6 N sodium hydroxide
were freed of amine by vacuum distillation on a water-bath. When the residue was taken
up in ether, a white solid, not very soluble in this solvent, remained. More was obtained
by concentrating the ether extract to bring the total to 1.9 g., m.p. 142-143°, after recrys-
tallization from alcohol.

Anal. Cale’d for C;3HyuO5: C, 71.54; H, 6.47.

Found: C, 71.39; H, 6.52.

SUMMARY

The aluminum isopropoxide reduction of substituted 1-naphthyl halomethyl
ketones has been studied and adapted to the preparation of the corresponding
halohydrins in excellent yields.

Dialkylaminoethanols have been prepared from the 4-methoxy-, 4-bromo-,
and 4-chloro-1-naphthylethylene halohydrins by reaction with secondary
amines,

Los ANGELES, CaLIF.
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In the preparation of substituted a-dialkylaminomethyl-1-naphthalenemeth-
anols of the type III from halohydrins I (1) derived from the corresponding
halcketones, there were in some cases advantages in the preliminary preparation
and isolation of the corresponding naphthylethylene oxide II. Thus, several
oxides of this type have been prepared by us and used for the purpose men-
tioned. The results are reported in this paper.

. 7O\
CH(OH)CHX - CH—CH,
+NaOH ;
—_——
— NaX ~ H.0

Y Y

I 1I
CH(OH)CH,NR,
+R.NH
-
Y

1Tt

Short treatment of the halohydrins (1) with alcoholic alkali at room tempera-
ture gave rise to the oxides in nearly quantitative yield. Their properties are
summarized in Table I. Of the five oxides described here, four are low-melting
solids, the 4-methoxy derivative being an oil.

Naphthylethylene oxides of the type II have apparently not been studied
previously, but can be handled well if ordinary precautions are taken. These
substances are quite sensitive to heat and traces of acid. Thus molecular distil-

1 This work was done under a contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and Development and the University
of California, Los Angeles. The survey number, designated SN, identifies a drug in the
records of the Survey of Antimalarial Drugs. The 'antimalarial activity of those com-
pounds to which such numbers have been assigned will be tabulated in a forthcoming mono-
graph.
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lation of 4-methoxy-1-naphthylethylene oxide IT (Y = 4.0CHj,) at 5 X 10~% mm.
was successful. However, distillation at 0.5-1.0 mm. yielded the rearranged
aldehyde which formed a bisulfite addition compound and an oxime and gave a
positive Schiff’s test immediately. The oxide gave only a faint Schiff’s test,
the color deepening slowly. The residue in the flask after the distiliation at
0.5-1.0 mm. consisted largely of a high-melting solid which had the composition
of the dioxane IV, a type substance sometimes produced from oxides (2).

In the case of the 4-bromo-1-naphthylethylene oxide one preparation gave rise,
apparently through the action of water and an accidental trace of acid, to a dif-

TABLE I
Oxipes YC;,H.CHOCH, rroM HALOHYDRINS
ANALYSIS
Y M.P. °C Calc’d Found
%C %H %C %H
4-OCH, oils 77.98 6.04 77.78 5.90
4-Cl 49 70.41 4.43 - 70.43 4.61
4-Br 49-50 b

6-Cl 32.5-32.8 70.41 4.43 70.13 4.57
7-Cl 40.2-41.0 70.41 4.43 70.37 4.59

s .2 1.625-1.626.
b Not analyzed.

Iv

ferent substance whose analysis corresponded to the glycol V. The molecular
weight of the material and the analysis of the acetate ester were confirmatory.

The conversion of the oxides to the amino alcohols was accomplished in high
yield very conveniently by heating an equimolar mixture of the oxide and
dialkylamine for the requisite time. The progress of the ring-opening reaction
may be followed easily by measurement of the refractive index of the reaction
mixture. This method was used to follow the course of the reaction of several
amines with the 4-methoxy-1l-naphthyl- and the 4-bromo-1-naphthyl-ethylene
oxide. The results are shown graphically in Fig. 1. For these oxides a working
temperature of 100-125° gave a convenient rate of reaction.

There are some advantages to the preparation of the amino alcohols through
the oxides rather than directly from the halohydrin. First, there is no necessity



NAPHTHALENE AMINO ALCOHOLS. IV 159
to remove excess secondary amine by steam-distillation or otherwise, this separa-
tion being difficult with the higher amines. Second, the product is more nearly
pure and is usually obtained in higher yield. Table II summarizes the amino
aleohols prepared from the substituted naphthylethylene oxides.

Although an unsymmetrical oxide theoretically may open to give one or the
other or a mixture of two isomerie amino alcohols, there is little doubt that I1I

0
/\
CH—CH, CH(OH)CH,0H
O HOH
—
|
Br Br
v
TABLE II
AmiNno ArcomnoLs YC,oHCH(OH)CH,NR; rromM OXIDES
ANALYSIS
SN Y R up, °C Cale'd ’ Found
2c | wm | %c | om
6409 4-OCH, n-CHgo 151-154 Reference 1 (a)
9053 | 4-OCH; | n-CeH;s® 137-139 72.84 | 10.12 | 73.09 | 10.05
8725 4-Br n-C:Hyo 106-108¢ Reference 1 (a)
126.5-128.0
8680 4-Br n-CgHypyb 40.5-41.34 68.55 9.04 68.81 8.93
8677 4-Br n-CroHa® 35.0-36.5¢° 70.30 9.59 70.22 9.53
10267 4-Cl n-CsH;? 34.4-34.8 75.38 9.94 75.18 10.00
8732 4-Cl n-CroHa® 33.5-34.5 76.53 10.44 76.43 10.45
7522 6-Cl n-CHg 151154 . 64.86 7.89 64.83 7.97
13264 7-Cl n-C.Hye 123~125 64.86 7.89 64.72 8.14
s Hydrochloride.
® Free amino alcohol.
¢ Two crystalline modifications.
4 M.p. of hydrochloride 106-108.5°.
¢ M.p. of hydrochloride 93-94°.
correctly represents the structure of the ethanolamines prepared by us. The

opening of the oxide ring by an amine appears to be a bimolecular displacement
(3) of the ring oxygen by an amine molecule. The available evidence is that
when the oxide is of the type VI (e.g., propylene oxide, isobutylene oxide, styrene
oxide), reaction takes place at the primary carbon atom in preference to the
secondary or tertiary carbon atom (4, 5) even when this latter carbon atom
carries an aromatic group (6).
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EXPERIMENTAL

All melting points are corrected. Analyses were by Jack W. Ralls or Bruce Day.

Preparation of oxides. To a solution of 0.10 mole of halohydrin (1) in 50 m!. or more of
alcohol was added a solution of 0.15 mole of sodium or potassium hydroxide in 50-75 ml. of
alcohol. Both solutions were at room temperature, and the mixture was shaken occasion-
ally at room temperature for fifteen minutes. Then 500 ml. of water was added and the
oxide was extracted with two 200-ml. portions of ether. The combined ethereal extracts
were washed with three 500-ml. portions of water and then dried over potassium carbonate.
The product was reduced to constant weight by distillation of solvent first at atmospherie
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Fic. 1. Plots of nj »s. time for reactions of oxides with amines
Curves I, II and III: 4-Methoxy-1-naphthylethylene oxide with di-n-amylamine at 100°
(I) and 127° (II) and di-n-octylamine at 100° (III).
Curves IV, V and VI: 4-Bromo-1-naphthylethylene oxide with di-n-amylamine at 104°
(IV), di-n-octylamine at 120° (V) and di-n-decylamine at 120° (VI).
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pressure, then at partially reduced pressure and finally at approximately 2 mm., with the
aid of a water-bath kept below 50°,

In the case of the 4-methoxy-1-naphthylethylene oxide, the residue from the above
treatment constituted a 96% yield of essentially pure material. The crude products from
the preparations of the other ethylene oxides were recrystallized from petroleum ether,
b.p. 60-70°, and dried in a vacuum desiccator which contained some paraffin. The yields
were about 80%. The solid oxides turned to oils on exposure to air for a number of days but
kept well for longer periods in closed bottles.
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It is advisable to rinse the required glassware with ammonia before drying in order to
guard against the contamination of the oxide by acid.

One preparation of 4-bromo-1-naphthylethylene oxide by the above method yielded an
oil insoluble in hexane and easily recrystallized from benzene to give a solid, m.p. 126.5~
128.0° and Rast (7) molecular weight 271 =& 15 (theoretical for glycol 266).

Anal. Cale’d for CmHuBI‘Oz: C, 5395; H, 4.15.

Found: C, 53.97; H, 4.03.

A 1.0-g. portion of this material was acetylated with acetyl chloride in pyridine at room
temperature to yield an ester, m.p. 103.0-104.5°, 0.89 g., (60%), after several recrystalliza-
tions from hexane.

Anal. Cale’d for CieH1sBrOs: C, 54.72; H, 4.31.

Found: C, 54.38; H, 4.18.

Distillation and rearrangement of 4-methozy-1-naphthylethylene oxide. Molecular distil-
lation of crude oxide nk 1.6252, at 5 X 10~ mm. on an apparatus of the type described by
Riegel (8) yielded a clear colorless product, ny 1.6255.

Distillation of oxide at 0.5~1.0 mm, from a modified Claisen flask gave a clear distillate
at 142-144°, np 1.6208, which soon solidified; m.p. 47.5-48.5° after recrystallization from
ligroin of b.p. 60-70°. This distillate formed a bisulfite addition product, and an oxime,
m.p. 132-134°,

Anal. Cale’d for CisHisNO,: C, 72.54; H, 6.09.

Found: C, 72.23; H, 6.40.

The solid distillate, dissolved in alcohol, gave an immediate deep purple color with
Schiff’s reagent; the oxide only a light pink which became purple only on standing overnight.

The residue from the above distillation at 0.5~1.0 mm. yielded, on washing with ether, a
white solid, m.p. 240-241°, after recrystallization from benzene.

Anal. Cale’d for CoeH2404: C, 77.98; H, 6.04.

Found: C, 77.78; H, 6.01.

Conversion of oxides to amino alcohols. An equimolar mixture of oxide and dialkylamine?
was warmed and shaken until homogeneous and then kept in a sealed tube or a stoppered
flask heated, usually at 120°, for eight to twenty-four hours either in a furnace or an oil-
bath. In judging the extent of the reaction, the refractive index was measured either on
separate samples in small sealed tubes or on a sample withdrawn from the main flagk.
Plots of the data obtained in this way are givenin Fig. 1.

After the heating period, the amino alcohols were either recrystallized one or more times
from methyl or ethyl alcohol or alcohol-hexane mixtures, or taken up in anhydrous ether
and precipitated as the hydrochlorides with ethereal hydrogen chloride. The hydrochlo-
rides were recrystallized from methanol-ether, acetone-ether, or ethanol-ether. The crude
yields of amino alcohol were usually very high, the yield of recrystallized amino alcohol or
its hydrochloride usually about 80%.

SUMMARY

A series of substituted a-naphthylethylene oxides (4-methoxy-, 4-chloro-s
4-bromo-, 6-chloro-, and 7-chloro-) has been prepared.

The oxides have been converted smoothly to a number of dialkylamino-
ethanols.

Los AxgeLEs, CALIF.

1 The dialkylamines were supplied in some cases by Dr. Elderfield and co-workers at
Columbia University.



162 WINSTEIN, JACOBS, HENDERSON, ROBSON, DAY

REFERENCES

(1) (a) WinsTEIN, Jacoss, HENDERSON, AND FLORSHEIM, J. Org. Chem., 11, 150 (1946);
(b) Brown, Jacoss, WinsTEIN, LEVY, Moss, anp Orr, J. Org. Chem., 11, 163
(1946); (c) Jacos, WinstriN, HenpErson, Boxp, RaLLs, SEYMOUR, AND
FrorsurmM, J. Org. Chem., in press.

(2) (a) CorEN, MARSHALL, AND WOODMAN, J. Chem. Soc., 107, 898 (1915); (b) Danivov
AND VExvUs-DaniLova, Ber., 60, 1050 (1927); (c) Favorski, J. Russ. Phys.-
Chem. Soc., 38, 741 (1906); Chem. Zentr., I, 15 (1907).

(3) HamMETT, “Physical Organic Chemistry,” McGraw-Hill Book Company, Inc., New
York, 1940, Chapters V and VI.

(4) KrRASSUSKY AND STEPHANOFF, J. prakt. Chem., 115, 321 (1927).

(5) WiNsTEIN AND BuckLes, J. Am. Chem. Soc., 64, 2780 (1942) ; Footnote 25.

(6) (a) TiFFENEAU AND FournEau, Compt. rend., 146, 697 (1908); (b) KitcHREN aND PoL-
LARD, J. Org. Chem., 8, 342 (1943); (c) Emzrson, J. Am. Chem. Soc., 67, 516
(1945).

(7) Smita anp Young, J. Biol. Chem., 75, 289 (1927).

(8) RIEGEL, BEIsWANGER, AND LaNzL, Ind. Eng. Chem., Anal. Ed., 15, 417 (1943).



[CoNTRIBUTION FROM THE CHEMISTRY DRTMENTS OF THE UNIVERSITY OF CALIFORNIA,
Los ANGELES, AND THE UmSITY OF SOUTHERN CALIFORNIA]

SUBSTITUTED o-DIALKYLANOALKYL-1-NAPHTHALENEMETH-
ANOLS. V. THE PREPARON OF SOME o-DIALKYLAMINO-
METHYL-2-CHLORO- AND BMO-1-NAPHTHALENEMETHANOLS!

RONALD F. BROWN, THAS L. JACOBS, 8. WINSTEIN,
EDWARD F. LEVYARLAND RAY MOSS, anp
MELVLEROY OTT

Receivetober 16, 1945

This article describes the prertion of several a-dialkylaminomethyl-2-
halo-1-naphthalenemethanols, VIIhich was carried out as part of a program
of synthesis of amino aleohols coning substituted naphthalene nuclei (1).
Since such ethanolamines could krepared readily from the 2-halo-1-aceto-
naphthones IV, the practical synth of the latter materials was our main prob-
lem. Several approaches were exaed.

The most direct approach to theubstances would appear at first to involve
the Friedel-Crafts reaction on 2-haphthalene, just as we found it to be in the
case of the 4-halo-1-acetonaphthor2). We explored this first with 2-bromo-
naphthalene. Acetyl chloride anluminum chloride gave rise in 66% yield
to a mixture of the 1- and 6-acetphthones as previously reported by Dzie-
wonski and Sternbach (3) who aaplished the difficult separation of isomers
through the phenylhydrazones. rever, we found it preferable to add phenyl-
hydrazine roughly equivalent to t-isomer which reacts more rapidly than the
1-isomer in acetic acid solution. 3r the precipitation of the 2-bromo-6-aceto-
naphthone phenylhydrazone wasnplete the 2-bromo-1-acetonaphthone IV
(X = Br) was obtained with a Z recovery of crude material and a 269 re-
covery of pure material after recallization. Since 8-bromonaphthalene was
obtained in 50-559, yield from @hthylamine, the over-all yield of 2-bromo-
1-acetonaphthone was approxima 99, from g-naphthylamine.

The Friedel-Crafts reaction onhloronaphthalene gave rise to a mixture of
ketones from which the 2-chlorecetonaphthone IV (X = Cl) was isolated
rather easily by simple crystallizn. The over-all yield of pure product from
B-naphthylamine was 329%,.

A preliminary attempt at chmethylation (4) of g-bromonaphthalene to
produce 2-bromo-1-chloromethyhthalene was discouraging. The latter
substance was to be oxidized to omo-1-naphthoic acid which was to be built
up to the bromomethyl ketone Vway of the diazoketone (5).

The best synthesis we fouror 2-halo-l-acetonaphthones IV involved
2-amino-l-acetonaphthone whicas easily diazotized and converted to IV,

1 This work was done under contirecommended by the Committee on Medical Re-
search, between the Office of Scientlesearch and Development and the University of
California, Los Angeles, and the Umity of Southern California. The survey number,
designated SN, identifies a drug in tcords of the Survey of Antimalarial Drugs. The
antimalarial activity of those compas to which such numbers have been assigned will
be tabulated in a forthcoming monog.

163
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Attempts to prepare 2-amino-l-acetonthone by a Bucherer reaction (6) on
2-hydroxy-1l-acetonaphthone or by a »s-type rearrangement (7) of 2-acet-
amidonaphthalene I were unsuccessfulit satisfactory conditions were found
for the Friedel and Crafts reaction on Il hydrolysis of the product (11 to IIT).

A number of satisfactory Friedel andafts reactions on acetanilide and sub-
stituted acetanilides have been reportecthe literature (8). Also, Dziewonski
and co-workers (9) obtained 2-benzdo-1-benzoylnaphthalene in 30-40%,
yield from treatment of 3-naphthylaminth benzoyl chloride and zine chloride.
Similarly we eventually obtained satisbry acetylation of 2-acetamidonaph-
thalene I by regulation of experimentanditions. The proportion of alumi-

NHCOCH: T ot
3
1 II1
CIOCHzNRz J‘OCH-zBl' (?OCH:
X X X
VI v v
l l
A
?H(OH)CHzNRz EH(OH)CHzBr
X X
S
VIII VI

num chloride catalyst was crucial, no pro; being obtained in carbon disulfide
or benzene with mole ratios of aluminumoride to acetic anhydride to acet-
amidonaphthalene of 2.5:1.25:1. Also, ortarting material was obtained with
acetyl chloride in carbon disulfide where corresponding mole ratios were
1.25:1.25:1. When, with acetic anhydrin carbon disulfide, the above mole
ratios were 8:2:1, a product was obtainedich had the correct composition for
the 2-acetamido-1-acetonaphthone II (T I), yielded a 2,4-dinitrophenyl-
hydrazone, gave an iodoform test, and fato give a test for a primary amine.
The yield in this step was improved to 4 and with approximately an 809,
yield on the hydrolysis of II to the 2-ao-1-acetonaphthone III (Table I)
the over-all yield of III from acet-8-naphtle I was about 38%.
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The over-all yield of III from I was improved to 459, by avoiding isolation of
IT and further improved by use of acetyl chloride instead of acetic anhydride,
acetyl chloride being added to a suspension of the amide and aluminum chloride
in carbon disulfide. This modified procedure gave rise to yields of III of 60-70%.

The structure of the 2-amino-1-acetonaphthone III was clear from the subse-
quent diazotization and conversions to the 2-halo-1-acetonaphthones IV. The
bromo compound was identical with the material prepared from g-bromo-
naphthalene by Dziewonski and Sternbach’s method (3). In addition to the
2-amino-1-acetonaphthone IT1, m.p. 110-111° from the modified procedure in
which the 2-acetamido-1-acetonaphthone was not isolated, there was obtained a

TABLE I
PROPERTIES AND ANALYSES oF COMPOUNDS
Box
CO/
ANALYSIS

SN X R u.p, °C 7%C Az
Calc’d | Found | Calc’d [Found
NHCOCH,;{ COCH, 151 73.99| 73.58| 5.76 | 5.77
NH; COCH, 110-111 | 77.81| 77.60| 5.99 | 6.21
Cl i COCH; 64-65 | 70.42| 69.95| 4.43 | 4.55
Cl COCH,Br 97-98 | 50.83| 50.35( 2.84 | 2.94
Br COCH,Br 116-117 | 43.94} 43.94| 2.46 | 2.51
Cl CH(OH)CH,Br 80-81 | 50.47| 50.30} 3.53 | 3.51
Br CH(OH)CH.Br 78.5-79.5} 43.67| 43.70| 3.05 | 3.10
5905 | C1 CH(OH)CH,N (C.H;). 64-64.5| 69.18] 69.12| 7.26 | 7.21
6620 | Cl1 CH(OH)CH,N (CH,),-HCl 136.5~1372| 64.86| 65.08] 7.89 | 7.76
124 .5-125¢ 64.71 7.99
8100 | C1 CH(OH)CH,N(CsH1)2-HC1 121-126 | 66.32| 66.60| 8.35 | 8.38
7936 | Cl CH(OH)CH;N(C¢H,3).- HC1 121-122 | 67.59| 67.46| 8.75 | 8.64
8681 | Br CH(OH)CH;N (C,H,),-HCl 134-135 | 57.90| 57.78| 7.05 | 7.13

s Two crystalline modifications.

small amount of a material, m.p. 163-164°, with the correct composition of an
isomer of III, probably 2-amino-6-acetonaphthone.

The 2-chloro-1-acetonaphthone IV (X = Cl, Table I) was prepared in yields
of 65709 from the amino ketone III by the Sandmeyer reaction. Thus the
over-all yield from g-naphthylamine by this approach was 419,. For the 2-
bromo-1-acetonaphthone IV (X = Br, Table I) the yield was low, but, since
only one amino aleohol VIII corresponding to it was needed, the preparation was
not further investigated. Bromination of the 2-halo-l-acetonaphthones IV to
bromo ketones V (Table 1) was easily accomplished.

The bromo ketones V were converted to amino alcohols VIII (Table I) by
routes already described (1, 10).
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EXPERIMENTAL

Melting points are uncorrected. Analyses by Jack W. Ralls and Bruce Day.

B-Bromonaphthalene. This material, m.p. 56.0-56.5°, was prepared in 50~55%, yield from
B-naphthylamine following directions of Geissman and Tulagin (11) and recrystallized
from aqueous methanol.

Preparation of 2-bromo-1-acetonaphthone from B-bromonaphthalene. The mixture of
ketones was prepared in 66% yisld from g-bromonaphthalene, acetyl chloride, and aluminum
chloride in carbon disulfide essentially by the method of Dziewonski and Sternbach (3).
Since hydrolysis of the phenylhydrazones was accompanied by formation of considerable
tarry material, the separation of the ketones was carried out by converting most of the
6-isomer to phenylhydrazone, leaving the 1-acetonaphthone unreacted. It is difficult to
judge the composition of the mixed ketone. Anderson and Johnston (12) estimate the
ketone mixture is approximately one-tenth 6-bromo-2-acetonaphthone. However, treat-
ment of the crude ketone with the equivalent amount of phenylhydrazine in glacial acetic
acid precipitated about one-third of the ketone and we proceeded on this basis.

The ketone mixture (73.7 g., 0.296 mole) was dissolved in 150 ml. of glacial acetic acid and
into this solution was washed 12.8 g. (0.118 mole) of phenylhydrazine with the aid of 50 ml.
of glacial acetic acid. Inabou? one minute a yellow precipitate began to form. When pre-
cipitation appeared complete, the phenylhydrazone was collected on a filter and washed
with ether. The phenylhydrazone weighed 34.8 g. (0.103 mole). The combined filtrate
and washings were diluted with 500 ml. of water and extracted with ether. The ether ex-
tract was washed in turn with carbonate solution, twice with 5%, hydrochloric acid, and
twice with water. After the ether solution was dried over potassium carbonate and the
ether removed on the steam-bath, the residue was distilled at 1 mm. The fraction of b.p.
145-155° weighed 27.7 g. (0.111 mole), 37%. Recrystallization from a petroleum ether-
ligroin mixture yielded 19.2 g. of 2-bromo-1-acetonaphthone, m.p. 63-64° [literature (3)
64-65°].

Preparation of 2-chloro-1-acetonaphthone from B-chloronaphthalene. The Friedel-Crafts
reaction at 0° between 8-chloronaphthalene (13), acetyl chloride, and aluminum chloride in
carbon disulfide was carried out similarly to the conversion of the g-bromonaphthalene, an
849, yield of the mixture of isoreric ketones being obtained. Distillation at reduced pres-
sure was not necessary in this case, the product crystallizing soon after the removal of
golvent. Recrystallization of 12.5 g. of the mixed ketone from 140 ml. of 80%, ethanol
yielded 6.3 g. of 2-chloro-1-acetonaphthone, m.p. 62.5-64.0°.

92-Acetamidonaphthalene. This material, m.p. 131-132° was prepared in 90-97% yield by
the method of Kaufmann (14).

2-Acetamido-1-acetonaphthone. In a one-liter 3-necked flask in a good hood were placed
18.5 g. (0.10 mole) of 2-acetamidonaphthalene, 20.4 g. of acetic anhydride, and 200 ml. of
anhydrous carbon disulfide. The flask was equipped with an efficient stirrer, an efficient
reflux condenser protected witk a drying tube, and a short length of $-inch rubber tubing
connected to a conical flask for addition of 107 g. (0.80 mole) of aluminum chloride.

The contents of the flask were warmed to the reflux temperature with a pan of warm
water. Then the aluminum chloride was added in small portions over a two-hour period to
the well-stirred mixture. Refluxing was continued for two more hours and then the flask
was allowed to stand for three hours.

The reflux condenser and the addition tube were removed and the flask was fitted with a
dropping-funnel and a condenser for downward distillation. Dropwise addition of 250 ml.
of water with stirring caused rapid distillation of carbon disulfide. Residual traces of car-
bon disulfide were distilled by warming the flask in warm water. Then, 200 ml. of 1.5 N
hydrochlorie acid was added rapidly and the flask was allowed to cool. The brown solid
was removed by filtration and air-dried. A solution of this solid in hot 50% by vol. ethyl
alcohol was filtered, treated with Norit, and cooled slowly. Two more recrystallizations of
the deposited crystals yielded 10.9 g., 48%, of white crystalline produet, m.p. 151°. The
material yielded a 2,4-dinitrophenylhydrazone, m.p. 244° and gave a positive iodoform test.
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2-Amino-1-acetonaphthone. (a) From 2-acetamido-1-acetonaphthone. The latter mate-
rial was mixed with 5 times its weight of glacial acetic acid and 10 ml. of 18 N sulfuric acid
per gram of amide and the mixture was held under reflux for two hours. The mixture was
then chilled and neutralized with concentrated sodium hydroxide. The precipitated amine
was dissolved in ether and the solution was dried over potassium carbonate. Bubbling
hydrogen chloride gas into the ether solution precipitated the hydrochloride, which was
filtered, dissolved in warm water, decolorized with Norit, and reprecipitated by dropwise
addition of 109, sodium hydroxide until the solution was basic. The amine was dissolved
in dilute acid, decolorized again, and reprecipitated. One recrystallization from water
containing about 109, methanol yielded light golden platelets, m.p. 110-111°, in 809, yield.

(d) Directly from 2-acetamidonaphthalene. In a one-liter 3-necked flask were placed 18.5
g. (0.10 mole) of 2-acetamidonaphthalene, 67 g. (0.50 mole) of aluminum chloride, and 400
ml. of carbon disulfide. The flask was equipped with a powerful mercury-sealed stirrer, an
efficient reflux condenser, and a dropping-funnel protected by a drying tube. The reflux
condenser was fitted with a drying tube followed by a hydrogen chloride trap. The flask
was cooled with an ice-bath and 9.3 g. (0.125 mole) of redistilled acetyl chloride was added
in twenty minutes to the well-stirred mixture. Stirring was continued for three hours, at
the end of which a gummy complex was formed. The flask and contents were allowed to
come to rocom temperature and stand overnight. The next day, the mixture was heated to
reflux in warm water and stirring was carried on as well as possible for one hour. Hydrogen
chloride was copiously evolved at this point.

The flask was cooled and the carbon disulfide layer was decanted and discarded. To the
residue in the flask was added about 300 g. of chopped ice and the mixture was left in the
hood with occasional stirring until the vigorous hydrolysis was complete. Concentrated
hydrochloric acid (100 ml.) was added and the mixture was warmed on the steam-bath to
expel carbon disulfide. Then the mixture was held under reflux until the oil disappeared
and a clear red-brown solution formed. The liquid was poured into an Erlenmeyer flask
and the reaction flask was rinsed with hot hydrochloric acid (100 ml. of water and 50 ml. of
cone’d hydrochloric acid). The rinsings were added to the Erlenmeyer flask, and its con-
tents cooled. The deposited hydrochloride of 2-amino-1-acetonaphthone was dissolved in
the minimum amount of boiling water. The solution was filtered and added to a mixture of
20 g. of sodium hydroxide, 50 mli. of water and 300 g. of chopped ice. The precipitated amine
was removed by filtration and air-dried. Recrystallization with the use of Nuchar XXX
from 100 ml. benzene yielded 11.1-13.0 g. (60-70%) of product, m.p. 110-111°, including a
small second crop obtained by concentration of the mother liquor to about half the volume.

Further concentration of the mother liquor yielded a small amount of material, m.p.
163-164°, probably & position isomer of the main product.

Anal. Cale’d for CuHNO: C, 77.81; H, 5.99.

Found: C, 78.30; H, 6.03.

Conversion of 2-amino-1-acetonaphthone to 2-chloro-1-acetonaphthone. In a 600-ml.
beaker, 46.2 g. (0.25 mole) of 2-amino-1-acetonaphthone? and 125 ml. of concentrated hydro-
chloric acid were stirred into a thin paste with a motor-driven stirrer. The mixture was
cooled to —5° by an ice-salt bath and the diazotization was carried out with a solution of
17.3 g. (0.25 mole) of sodium nitrite in 100 ml. of water. The diazotization required about
an hour, the temperature being kept below 0° during this time and for an additional fifteen
minutes, while the mixture was stirred. A test for nitrous acid at this time was usually
negative. When it was positive, a little urea was added.

The diazoniuh chloride solution was poured rapidly into a solution of cuprous chloride
in concentrated hydrochloric acid maintained at 70°. The cuprous chloride (15) was pre-
pared from 78.2 g. of cupric sulfate pentahydrate and dissolved immediately in 110 ml. of
concentrated hydrochlorie acid. After refluxing the whole mixture one hour, the dark
liquid was left overnight.

2 We are indebted to Dr. Elderfield at Columbis University, Dr. Hartshorn at Dart-
mouth College, and their co-workers for the preparation of some of this material.
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After this, the crude product, a black tar, was filtered out and washed free from acid with
water. It was dried in an evaporating dish in an oven at 70° for twenty-four hours, after
which, on cooling, it solidified to a crumbly black solid. This was then distilled from a
Claisen flask with a wide side-arm at 5 mm. The distillate soon solidified to a nearly white
solid, which was recrystallized from alcohol or a mixture of petroleum ether and ligroin,
to yield 33.2-35.8 g., 65-70%,, of material, m.p. 64-65°, b.p. 158-160° (4 mm.).

Conversion of 8-amino-1-acetonaphthone to 8-bromo-1-acetonaphthone. 2-Amino-1-aceto-
naphthone (46.2 g., 0.25 mole) suspended in 100 ml. of 489, hydrobromic acid, was diazotized
in the usual manner with a solution of 17.3 g. (0.25 mole) of sodium nitrite in 100 ml. of water.
A cuprous bromide solution was prepared by adding a hot solution of 16.6 g. of sodium bi-
sulfite and 11.0 g. of sodium hydroxide to a hot solution of 78.2 g. of cupric sulfate penta-
hydrate and 41.6 g. of potassium bromide. The precipitated cuprous bromide was filtered,
washed, and dissolved in 100 ml. of 489, hydrobromic acid. The cold diazonium bromide
solution was added to the cuprous bromide solution heated to 70°. Foaming was pre-
vented with a few drops of caprylic alecohol.

The black tarry product, obtained as in the case of the chloro analog was distilled at 3
to 4 mm. from a Claisen flask with a wide side-arm, b.p. 164-166°. Recrystallization from
hexane yielded 13.4 g., 22%,, of light yellow crystals, m.p. 63-64°, mixed m.p. with 2-bromo-
1-acetonaphthone prepared by the Friedel-Crafts reaction on 8-bromonaphthalene, 63-65°,

Preparation of w-bromo-2-haloacetonaphthones. 2-Chloro-1-acetonaphthone (35.0 g.,
0.171 mole) was dissolved in 250 ml. of anhydrous ether in & 500-ml. 3-necked flask equipped
with a stirrer, a small burette, and a thermometer. Approximately 50 ml. of roughly 2 N
ethereal hydrogen chloride was added and 27.5 g. (0.172 mole) of bromine was added from
the burette in about one hour. The reaction was started at 30° and the rest of the bromina-
tion was carried out below 15°. A white precipitate began to form after about half of the
bromine had been added. After the bromination, the produet was removed on a Biichner
funnel and washed with cold, dry ether. The ethereal solution was washed with water,
dried over potassium carbonate and evaporated to yield more crude produect, the total crude
yield being about 95%. Recrystallization from absolute alcohol yielded 41.2 g., 85%, of
needles, m.p. 97-98°.

Analogous bromination of 2-bromo-1-acetonaphthone gave rise to crude product in 97%
yield and, after recrystallization from hexane to final product, m.p. 114-116.5° in 729, yield.
The analytical sample, m.p. 116-117°, was obtained after two more recrystallizations from
hexane.

Reduction of bromo ketones to bromohydrins. 2-Chloro-1-naphthacyl bromide and 2-
bromo-1-naphthacyl bromide were reduced to bromohydrins with aluminum isopropoxide
as described elsewhere (10) in crude yields of 90 and 949, respectively. Recrystallization
from hexane gave rise to the pure materials in yields of 77 and 889, respectively.

Preparation of amino alcohols. (a) From bromo ketones (I). The reaction between 2-
chloro-1-naphthacyl bromide and diethyl-, dibutyl- or dihexyl-amine? was carried out in
benzene or ether, the yields of dialkylammonium bromide being 84-95%,. The yield of
acetone on reduction with aluminum isopropoxide was 81-859%,. The products were isolated
either as free base or as the hydrochloride. The diethylamino compound as the free base
wag recrystallized from pet. ether (b.p. 30-60° or 60~70°). In the other two cases, the hydro-
chlorides were recrystallized from acetone-ether or acetone-pet. ether. Yields of pure
materials were 18-36%,.

(8) From bromohydrins (10). The mixtures of 1 mole of bromohydrin to 4 moles of
dibutyl-, diamyl- or dihexyl-amine were held at 120° for 16-24 hours. Steam distillation
from basic solution removed the excess amine. The products were taken up in ether, the
solutions were dried and dry ethereal hydrogen chloride was used to precipitate the products
in crude yields of 73-919;,. Recrystallization from ethyl acetate-ether, acetone-pet. ether,
or absolute aleohol-ether gave rise to pure materials in yields of 56-70%.

3 The dialkylamines were supplied in some cases by Dr. Elderfield and co-workers at
Columbia University.
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SUMMARY

Several approaches to the 2-halo-1-acetonaphthones have been examined, the
best, of which appears to involve the Friedel-Crafts reaction with 2-acetamido-
naphthalene followed by hydrolysis and a Sandmeyer reaction.

A number of «-dialkylaminomethyl-2-chloro- and bromo-1-naphthalene-
methanols have been prepared as possible antimalarials from the 2-halo-1-
acetonaphthones.

Los AncgeLEes, CALIF.
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Since it was of interest, in connection with work on antimalarial drugs, to pre-
pare derivatives of 6-methoxy-8-nitroquinoline containing chlorine in the hetero
ring, it was decided to investigate the reaction between the N-oxide of this sub-
stituted quinoline and sulfuryl chloride. Unfortunately we were unable to iso-
late the N-oxide by the usual methods. However 6-methoxy-8-nitroquinoline
itself was found to react with sulfuryl chloride to yield a mixture of chlorinated
products. We were able to isolate five of these compounds; a dichloromethoxy-
nitroquinoline, a trichloromethoxyquinoline, a trichlorohydroxyquinoline, a
trichloromethoxynitroquinoline, and a tetrachloromethoxyquinoline.

The first of these was identified, by nitric acid oxidation to the known 5-chloro-
nicotinic acid, as 3,5 (or 7)-dichloro-6-methoxy-8-nitroquinoline,

The tetrachloromethoxyquinoline was also oxidized to 5-chloronicotinic acid
with nitric acid. 'This indicates that three chlorine atoms enter the benzene ring,
one replacing the nitro group, and the fourth enters the hetero ring in the 3-
position. This compound is therefore 3,5,7,8-tetrachloro-6-methoxyquinoline.
(Survey Number 13,480).2

The trichlorohydroxyquinoline, on the basis of its analysis, melting point, and
melting point of its acetyl derivative appears to be identical with a compound
prepared by Zincke and Miiller (1). This compound was prepared by these in-
vestigators by a series of chlorinations starting with 6-hydroxyquinoline and was
identified by them, mainly by analogy with the same reactions starting with
B-naphthol, as 5,7,8-trichloro-6-hydroxyquinoline. Since this evidence ap-
peared inconclusive, a sample of our trichlorohydroxyquinoline was oxidized
by means of nitric acid to vield nicotinic acid (identified by melting point and
melting point of its nitrate). Therefore this substance may be presumed to be
5,7,8-trichloro-6-hydroxyquinoline (SN 13,479).

By methylation of our trichlorohydroxyquinoline (SN 13,479) with dimethyl
sulfate, we obtained a substance shown to be identical with our trichloromethoxy-
quinoline (SN 13,478). The latter is therefore identified as 5,7,8-trichloro-
6-methoxyquinoline.

The remaining compound isolated from the sulfuryl chloride reaction was a
trichloromethoxynitroquinoline whose structure we did not determine. This
substance is accordingly designated x,y,z-trichloro-6-methoxy-8-nitroquinoline.

The 3,5 (or 7)-dichloro-6-methoxy-8-nitroquinoline and the x,y,z-trichloro-

! Present address: New York Quinine and Chemical Works, Brooklyn, New York.

1= Present address: 600 8. Michigan Ave., Chicago 5, TlL.

1b Present address: Velsicol Corporation, Chicago 11, Il

2 The Survey Number is the identification number assigned by the Malaria Survey Office
of the National Research Council.
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6-methoxy-8-nitroquinoline were reduced to the corresponding amines and
several attempts were made by the usual methods for similar compounds to couple
the dichloromethoxyaminoquinoline (SN 13,482) with 1-diethylamino-4-bromo-
pentane, A portion of this dichloromethoxyaminoquinoline was also converted
into the corresponding dichloromethoxyiodo compound (SN 13,483) and an at-
tempt was made to couple this with 1-diethylamino-4-aminopentane. None of
these coupling reactions succeeded, and will not be described. No attempt was
made to couple the x,y,z-trichloro-6-methoxy-8-aminoquinoline (SN 13,481)
with 1-diethylamino-4-bromopentane.

A number of these compounds were tested for antimalarial activity by the
Malaria Research Group at the National Institute of Health. The following
compounds tested showed no antimalarial action against P. gallinaceum in the
chick when administered orally in the highest tolerated dose (Test A-1 of the
Malaria Survey):

5,7,8-trichloro-6-methoxyquinoline (SN 13,478)
5,7 8 trichloro-6-hydroxyquinoline (SN 13,479)
3,5,7,8-tetrachloro-6-methoxyquinoline (SN 13,480)
X,y,z- tnchloro 6-methoxy-8-aminoquinoline (SN 13,481)
3,5 (or 7)-dichloro-6-methoxy-8-aminoquinoline (SN 13,482)
3,5 (or 7)-dichloro-6-methoxy-8-iodoquinoline (SN 13,483)

EXPERIMENTAL® ¢

Chlorination of 6-methoxy-8-nitroquinoline. (Experiment I). To 40 g. of 6-methoxy-8-
nitroquinoline in a 2-liter, round bottomed flask equipped with a reflux condenser, the top
of which was protected by a calcium chloride tube and led to a gas absorber, was added
800 ce. of redistilled sulfuryl chloride (b.p. 68.5-70°). The mixture was refluxed gently
(large quantities of SO, and HC1 were evolved) for 15 minutes. It was then allowed to cool
and divided between two 4-liter beakers, each containing about 500 g. of ice and 500 cc. of
water. The mixture was stirred frequently until a vigorous reaction set in. The reaction
was kept under control by the addition of ice. Finally precipitation was completed by
adding more water to bring the total volume to approximately 7.5 liters. The mixture
was then heated on the steam-bath for 1.5 hours, cooled, and filtered. This procedure
was repeated with 40 g. then 20 g. of starting material, combining all filtrates and all
precipitates.

§,7,8-Trichloro-6-hydroxyquinoline. The above filtrate was heated to about 80°, made
alkaline with 409, sodium hydroxide, and filtered while hot from the precipitated starting
material, which amounted to 20 g. The alkaline filtrate was acidified to pH about 5 and 16
g. of 5,7,8-trichloro-6-hydroxyquinoline filtered off. After recrystallization from dilute
alcohol, then from methanol it was obtained as colorless needles m.p. 241-241 5° after slight
sintering at 235°; lit. 244° (1).

Ozidaton of §,7,8-irichloro-6-hydrozyquineline. A solution of 1.0 g. of 5,7,8-trlchloro-
6-hydr0xyquinoline in 40 cc. of concentrated nitric acid was boiled gently for one hour.
The solution was then evaporated almost to dryness on the water-bath in a current of air.
The residue was dissolved in a small volume of hot water and allowed to cool. Light yellow
crystals (0.37 g. 509,) of nicotinic acid nitrate, m.p. 189-191° were obtained.

3 We are indebted to the Winthrop Chemical Co. for the 6-methoxy-8-nitroquinoline used
in this work.
4 All C, H, and N analyses were done by Dr. T. S. Ma.
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The nicotinic acid nitrate was dissolved in about 10 cc. of water, the solution neutralized
to methyl red with dilute sodium hydroxide solution and an excess of copper sulfate solution
added. The precipitated nicotinic acid copper salt was filtered off, washed free of sulfate
with water and then suspended in about 25 ce. of water containing 0.10 g. of ammonium
nitrate. H,S was passed into the suspension to precipitate the copper, the solution of nico-
tinic acid was filtered off and concentrated to small volume., On cooling, about 0.2 g.
(409%) of colorless nicotinic acid crystals, m.p. 229-231°, separated. Recrystallization from
water raised the melting point to 231-232°,

§,7,8-Trichloro-6-acetoxyquinoline. Acetylation of the 5,7,8-trichloro-6-hydroxyquino-
line with acetic anhydride gave ¢olorless needles m.p. 138.5-139.5°; 1it. 139° (1).

z,y,z-Trichloro-6-methozy-8-nitrogquineline. The original precipitate was extracted with
1500 cc. of hot concentrated hydrochloric acid, leaving a residue of about 20 g. From this
material there was obtained by recrystallization from benzene, then dioxane, about 10 g.
of a trichloro-6-methoxy-8-nitroquinoline in the form of pale yellow needles, m.p. 203.5-204°.

Anal. Cale’d for CoHsCLN:Q;: C, 39.0; H, 1.62; N, 9.10.

Found: C, 38.44; H, 1.81; N, 8.90.

z,y,2-Trichloro-8-methoxy-8-aminoquinoline. To a solution of 70 g. of stannous chloride
in 130 ce. of hydrochloric acid and 130 cc. of water was added a solution of 18 g. of the x,y,2-
trichloro-6-methoxy-8-nitroquincline in 450 ce. of dioxane, with cooling so that the tempera-
ture did not exceed 50°. The mixture was allowed to stand 24 hours at room temperature,
and the precipitated complex filtered off and washed with dilute hydrochloric acid. The
complex was decomposed with aqueous sodium hydroxide and the amine extracted with
ether. The ethereal solution was evaporated to dryness and the residue reerystallized from
aleohol to yield about 9 g. of yellow needles; m.p. 212.5-213°.

Anal. Cale’d for CioH;CI3N:0: N, 10.10. Found: N, 10.24.

3,8 (or 7)-Dichloro-6-methoxy-8-nitroquinoline. The hot, concentrated hydrochloric acid
filtrate from extraction of the trichloromethoxyquinoline was diluted with a large amount
of water and yielded a precipitate of 31.6 g. Crystallization from isopropanol gave 12.5 g.
of yellow needles, m.p. 213-219°. Recrystallization raised the m.p. to 223.5-224.5°,

Anal. Cale’d for C;HCl:N,Os: C, 44.00; H, 2.20; Cl, 26.0.

Found: C,43.98; H, 2.34; Cl, 25.95.

Oxidation of 8,6 (or 7)-dichloro-6-methory-8-nilroguinoline. A solution of 8 g. of 3,5 (or
7)-dichloro-6-methoxy-8-nitroquinoline in 300 cc. of concentrated nitric acid was refluxed
for 20 hours, when a small sample showed no precipitation with dilute sedium hydroxide.
The solution was then evaporated to dryness and the residue taken up in 200 cc. of water.
The pH was adjusted to 2 with sodium hydroxide solution; crystallization at 0° overnight
yielded 1.32 g. (28.5%) of yellow crystals, m.p. 168-169.5°. Two recrystallizations from
water raised the melting point to 170-171°. This corresponds to the reported melting point
of 5-chloronicotinic acid (2).

Anal. Cale’d for CsH,CINQ;: Cl, 22.5; Neutral Equiv., 157.5.

Found: Cl, 22.6; Neutral Equiv., 157.5.

8,8 (or 7)-Dichloro-8-methozy-8-aminoquinoline. To a solution of 94 g. of stannous
chloride in 170 cc. of hydrochloric acid and 250 cc. of water was added a solution of 24 g.
of 3,5 (or 7)-dichloro-6-methoxv-8-nitroquinoline in 500 cc. of hydrochloric acid. The
mixture was cooled during the addition to maintain the temperature at about 45°. The mix-
ture was allowed to stand for 24 hours at room temperature and the resulting complex fil-
tered off and washed with dilute hydrochloric acid. The complex was decomposed with
aqueous sodium hydroxide and the amine extracted with ether. The ethereal solution was
evaporated to dryness and the residue crystallized from aleohol to yield 17.5 g. of pale
yellow needles; m.p. 130.5-131.5°.

Anal. Cale’d for C;oHsCLN0O: N, 11.5. Found: N, 11.39.

8,8 (or 7)-Dichloro-6-methozy-8-iodoguinoline. A solution of 10 g. of 3,5 (or 7)-dichloro-
6-methoxy-8-aminoquinoline in 100 cc. of concentrated sulfuric acid was diazotized at
5-10° with 3.4 g. of sodium nitrite in 40 ce. of sulfuric acid and 500 cc. of glacial acetic acid.
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The solution was allowed to stand 20-25 minutes and then diluted with 500 cc. of ice and
water. A solution of 3.5 g. of urea in a little water was then added and the solution allowed
to stand 20 minutes longer. A solution of 8.2 g. of potasium iodide in 80 cc. of water was
then added. The mixture was allowed to stand for 30 minutes, then heated on the steam-
bath till evolution of nitrogen ceased.

The precipitate was filtered off and thoroughly washed with water and dried. The solid
was crystallized from benzene (using carbon) to yield 9.7 g. of pale buff colored needles,
m.p. 218-219°.

Anal. Cale’d for CsHsCLLINO: I, 35.9. Found: I, 35.8.

8,6,7,8-Tetrachloro-6-methoxyquinoline. From the isopropanol mother liquors (crys-
tallization of the 3,5 (or 7)-dichloro-6-methoxy-8-nitroquinoline) was obtained by frac-
tional crystallization from acetone about 1.8 g. of fine colorless needles, m.p. 188-188.5°.

Anal. Cale’d for CoH;CLLNO: C,40.4; H, 1.68; M.W., 297,

Found: C, 40.38; H, 2.07; M.W. (Rast), 292.

Oxidation with nitric acid yielded 5-chloronicotinic acid, which did not depress the melt-
ing point of the chloronicotinic acid obtained from 3,5 (or 7)-dichloro-6-methoxy-8-nitro-
quinoline.

Ezxperiment II. To 50 g. of 6-methoxy-8-nitroquinoline in a 1-liter round bottomed
flask with a distilling head, condenser, and receiver was added 350 cc. of sulfuryl chloride.
The flask was placed in a water-bath at 60° and the temperature was raised gradually to
keep up a rapid distillation. After about 10 minutes, the lumps of solid which had formed
were broken up, after which distillation was continued. After 35 minutes, the mixture had
become practically dry. The solid cake which remained was extracted with about 700 cc. of
conc’d hydrochloric acid in several portions, the mixture being heated to boiling with each
portion of acid, cooled, and filtered.

A residue of 9.5 g. of acid-insoluble matter was obtained. Crystallization from benzene
or isopropanol gave about 4.5 g. of the same x,y,z-trichloro-6-methoxy-8-nitroquinoline
isolated in Experiment I (m.p. 202.5-204°).

The hydrochloric acid solution at this point had a volume of about 750 cc. and was 11 N
in HCI. Water (180 cc.) was added, the solution left in the refrigerator overnight and a
small gummy precipitate filtered off. One hundred twenty cc. of water was added to the
filtrate and 2.24 g. of precipitate m.p. 150-188° removed. The solution was now diluted to
about 2500 cc. with water and 19 g. of precipitate melting at 190-217° obtained. One crys-
tallization from benzene-hexane yielded 10.3 g. of 3,5 (or 7)-dichloro-6-methoxy-8-nitro-
quinoline, melting at 223.5-224.5° with sintering at 219°. The mother liquor from this
crystallization was evaporated to dryness. Fractional crystallization of the residue from
acetone yielded 1 g. of 3,5,7,8-tetrachloro-6-methoxyquinoline, m.p. 183-186°. Recrys-
tallization from ethyl acetate raised the melting point to 188-188.2°.

The acid solution from the precipitation of the crude 3,5 (or 7)-dichloro-6-methoxy-8-
nitroquinoline was concentrated to about 60 cc. 2n vacuo, diluted, made alkaline with sodium
hydroxide solution, and extracted with benzene. At this point, 14.2 g. of material insoluble
in alkali or benzene was filtered off. By extraction with boiling dilute alkali, a residue of
5.4 g. of 6-methoxy-8-nitroquinoline was obtained, together with an alkaline solution which
on adjusting the pH to 5 precipitated about 7 g. of 5,7,8-trichloro-6-hydroxyquinoline,
m.p. 225-235°. The benzene solution was evaporated to dryness leaving a residue of 10.7 g.
Fractional precipitation from hydrochloric acid followed by crystallizations from benzene,
then methanol yielded about 1.5 g. of 5,7,8-trichloro-6-methoxyquinoline, m.p. 144.5-
145.0° (slight sintering at 144.0°). About 3 g. of 6-methoxy-8-nitroquinoline was also re-
covered in the course of the fractional precipitations.

Anal. Cale'd for C,0HsCI;NO: C, 45.7; H, 2.38; N, 51.33; Cl, 40.6; M.W ., 262.5.

Found: C,45.64; H,2.60; N, 5.23; Cl, 39.2; M.W. (Rast), 257.

A sample of the 5,7,8-trichloro-6-hydroxyquinoline on methylation with dimethyl sul-
fate, gave 5,7,8-trichloro-6-methoxyquinoline, which did not depress the melting point of
the above material.
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SUMMARY
1. A study of the reaction between 6-methoxy-8-nitroquinoline and sulfuryl
chloride has been made.

2. A number of chlorinated quinoline derivatives not previously described
have been prepared.

3. A number of chlorinated quinoline derivatives have been evaluated as
antimalarials.

Curcaco (38), ILL.
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With the synthesis of Atabrine and the demonstration of its high antimalarial
activity a little over a decade ago (1), interest in compounds of related struec-
ture has expanded tremendously. Significantly, nearly all the effort expended
in these researches was concerned with derivatives of 9-aminoacridine. This
was principally due to the fact that only the 9-N-substituted aminoacridines
exhibited plasmodicidal activity to any appreciable degree. By far, the bulk
of the acridine compounds studied carried aminoalkamino groups of the type
-NH(CH,),NR, in the 9-position. Some notable exceptions were the hetero-
eyclic substituted acridines recently described by Burckhalter (2). However,
even in these latter cases the 9-amino nitrogen was part of an aliphatic and not a
heterocyclic system. In view of this it was thought of interest to prepare cer-
tain substituted 9-aminoacridines in which the nitrogen atom of the amino
group was an integral part of a heterocyclic system, viz. 6-methoxy-1,2,3,4-
tetrahydroquinoline. In addition, the introduction of certain substituted sul-
fanilamido groups in the 9-position of the acridine molecule was carried out in
order to determine the effect of these groups upon antimalarial activity.

With the exception of 9-chloroacridine, where anhydrous ether was employed
as 8 solvent, 6-methoxytetrahydroquinoline was condensed with the variously
substituted acridines in phenol at 90-100°. The condensation of3,9-dichloro-
7-methoxyacridine with sulfanilamide, sulfapyridine, and sulfathiazole gave
best results in n-amyl alcohol at 120° yielding, in all cases, the corresponding
hydrochlorides. With 2-aminothiazole, phenol proved to be the better solvent.

Antimalarial activity towards P. gallinaceum (chick infection) (3) was found
present, in small degree, in compounds SN? 2762, 2667, and 2514 at the re-
spective maximum tolerated doses. The remainder of the compounds were
devoid of this property.

EXPERIMENTAL?

9-(6-Methozytetrahydroguinolino)acridine (SN-2716). A solution of § g. of 9-chloroacri-
dine (4) in 225 ml. of anhydrous ether was treated with 7.6 g. (2 moles) of 6-methoxytetra-
hydroquinolinet in 50 ml. of anhydrous ether and the mixture kept at room temperature

1 The work described in this paper was done under a transfer of funds, recommended
by the Committee on Medical Research, from the Office of Scientific Research and De-
velopment to the National Institute of Health.

t The Survey Numbers (SN) are the identification numbers assigned by the Malaria
Survey Office of the National Research Council.

# Analyses by Ass’t Chemists L. R. Modlin and E. A. Garlock; m.p.’s are uncorrected.

4 Prepared by high-pressure hydrogenation over copper chromite catalyst of 6-methoxy-
quinoline; for preparation of latter see Skraup, Monaish., 6, 760 (1885).
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for 60 hrs. The resulting orange solution was filtered from a small amount of insoluble
matter, washed with water, dried over sodium sulfate and concentrated to small volume
invacuo. The residual, dark colored, oily crystals were covered with 40 ml. of ethanol and
kept in the refrigerator for 12 hours, yielding a bright orange, crystalline product which
was filtered, washed with a little cold ethanol, and dried; 5.2 g. (65%). Three recrystalli-
zations from acetone afforded stout, orange prisms, m.p. 190-191.5°.

Anal. Cale’d for CosHyyN,0: C, 81.15; H, 5.92.

Found: C, 81.35; H, 5.95.

8-Chloro-9-(6-methozytetrahydroquinolino)acridine (SN-2637). A mixture of 8.1 g. of
3,9-dichloroacridine (5), 5.85 g. (1.1 moles) of 6-methoxytetrahydroquinoline, and 74 g.
of phenol was heated in an oil-bath at 90-100° for 2 hours. After cooling, the melt was
poured into 300 ml. of cold 109, sodium hydroxide and the resulting colored syrup taken up
in ether. The latter solution was washed with water, dried over sodium sulfate, and con-
centrated to small volume in vacuo, yielding 2.6 g. (crop I) of dark red prisms, m.p. 192-
194°. The concentrated mother liquor was freed of excess 6-methoxytetrahydroquinoline
by steam distillation. The residual reddish-purple syrup, after trituration with ether and
seeding, afforded 3.2 g. (crop II) of crystalline material. After one recrystallization from
methanol 2.4 g. of dark red prisms, m.p. 191-193°, was recovered. Total yield of pure
material 5 g. (42%,).

Anal. Cale’d for CyHisCIN,C: C, 73.69; H, 5.11.

Found: C, 73.43; H, 5.27.

7-Methoxy-9-(6-methozyteirahydroguinolino)acridine (SN-2634). Twelve and seven-
tenths grams of 7-methoxy-9-chloroacridine (4), 9.4 g. (1.1 moles) of 6-methoxytetrahy-
droquinoline, and 80 g. of phenol were heated together at 90-100° for 2 hours. The colored
melt was poured into 350 ml. of cold 10% sodium hydroxide and the produect extracted
with ether. After washing the latter solution successively with dilute sodium hydroxide
and water, concentration (vacuo) yielded a syrup from which the excess 6-methoxytetra-
hydroquinoline was removed by steam distillation. The resulting oil was taken up in
ether and dried. From the ether a semi-crystalline mass was obtained which, after one
trituration with 30-60° petroleum ether, followed by recrystallization from 50%, methanol,
yielded 8.5 g. of a bright orange powder of indefinite melting range 118-135°. Upon crys-
tallization from absolute methanol the product separated as reddish-orange prisms which,
however, were soon contaminated by the appearance of a by-product which crystallized in
clusters of amber prisms. Owing to the marked difference in color as well as in crystalline
form, the two substances were readily separated mechanically. Recrystallization of 6.6
g. of the orange prisms from methanol gave 5.7 g. of pure material, m.p. 138~140°.

Anal. Cale’d for C:4H22N202: C, 7781; H, 5.99.

Found: C, 77.69; H, 6.03.

The amber colored by-product (1.1 g.) after recrystallization from methanol, melted at
151-153° and was identified as the intermediate 7-methoxy-9-phenoxyacridine by mixed
m.p. with an authentic specimen, as well as by analysis.

8-Chloro-7-methoxy-9-(6-methozytetrahydroquinolino)acridine (SN-2762). Seven and one-
tenth grams of 3,9-dichloro-7-methoxyacridine (5) was condensed with 4.6 g. (1.1 moles)
of 6-methoxytetrahydroquinoline in 45 g. of phenol as described above. The cooled,
colored reaction mixture was poured into 200 ml. of 109, sodium hydroxide and the pre-
cipitated gum taken up in ether. From the dried ethereal solution there separated, on
concentration in vacuo, a dark orange, crystalline powder which was recrystallized from
ethanol, yielding 4.3 g. (crop 1) of bright orange plates, m.p. 168-170°. The aleocholic
mother liquor yielded, upon further concentration, 3.5 g. of less pure product which was
recrystallized from acetone affording 2.5 g. {erop II) of relatively pure material, m.p.
161-164° (total yield, 6.8 g. or 656%). Crops I and II were combined and recrystallized
from ethanol yielding 5.7 g. of pure product, m.p. 172-174°.

Anal. Calc’d for C24H21CIN202: C, 7120, H, 523

Found: C, 71.35; H, 5.45.
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3-Chloro-T-methoxy-9-(8-amino-6-methozyquinolino)acridine (SN-2667). The condensa-
tion of 7 g. of 3,9-dichloro-7-methoxyacridine with 4.4 g. (1 mole) of 6-methoxy-8-amino-
quinoline’ in 45 g. of phenol was carried out as previously described. The cooled melt was
poured into 250 ml. of 109 sodium hydroxide and the yellow precipitate collected. It was
successively washed by decantation with 5% sodium hydroxide then with water and finally
air-dried. The crude material was purified by dissolving in 450 ml. of a hot mixture of
chloroform-methanol (60:40) and concentrating to the point of incipient erystallization.
After 24 hours (room temperature), 6.3 g. (60%) of bright yellow needles was collected;
m.p. 244-245°.

Anal. Cale’d for CoHsCIN;O,: C, 69.18; H, 4.35.

Found: C, 69.43; H, 4.29.

8-Chloro-7-methoxy-9-(2-aminothiazolyl)acridine (SN-1440). Five grams of 3,9-dichloro-
7-methoxyacridine was heated with 1.8 g. (1 mole) of 2-aminothiazole in 32 g. of phenol at
90-100° for 2 hours. The dark red melt was cooled, poured into 250 ml. of cold 10%, sodium
hydroxide and the red precipitate collected and washed several times with water by de-
cantation. The yield of crude, air-dried product was 5.5 g. (86%). Recrystallization
from ethanol afforded 2.3 g. of dark red microprisms, m.p. 246-247° (decomp.).

Anal. Cale’d for C,H;.CIN,O8: C, 59.73; H, 3.54.

Found: C, 59.41; H, 3.99.

N4-19-(3-Chloro-7-methoxyacridyl)lsulfanilamide hydrochloride (SN-188). A mechani-
cally stirred mixture of 7 g. of 3,9-dichloro-7-methoxyacridine and 4.35 g. (1 mole) of sul-
fanilamide in 50 ml. of n-amyl alcohol was heated at 120° (oil-bath) for 2.25 hours. The
bright orange, microcrystalline precipitate was filtered, triturated with hot (100°) amyl
alcohol, washed with ether, and dried; the yield was 9.2 g. (809%,). Recrystallization from
a large volume of ethanol, in the presence of a few drops of alcoholic HCI to prevent hy-
drolysis of the salt, afforded minute, bright orange plates, m.p. 305-307° (decomp.).

AnaZ. Calc’d for Conu'ClstOsS: C, 53.34; H, 3.81.

Found: C, 53.00; H, 3.90.

Nt-(2-Thiazolyl)-N*4[9-(8-chloro-T-methozyacridyl))sulfanilamide hydrochloride (SN-2514).
The condensation of 7 g. of 3,9-dichloro-7-methoxyacridine with 6.42 g. (1 mole) of sulfa-
thiazole in 50 ml. of n-amyl alcohol was carried out as described in the preceding prepara-
tion. The washed and dried product consisted of a yellow-orange powder, 11 g. (81%).
It was recrystallized from a large volume of ethanol, in the presence of a little alcoholic
HCI and recovered as golden-yellow leaves, m.p. 301-303°.

Anal. Calc’d for CzaHstlzN40aSzt C, 51 .78; H, 3.40.

Found: C, 51.71; H, 3.46.

N1-(8-Pyridyl)-N4[9-(3-chloro-7-methozyacridyl)lsulfanilamide hydrochloride (SN-2515).
Seven grams of 3,9-dichloro-7-methoxyacridine and 6.27 g. (1 mole) of sulfapyridine were
condensed in 50 ml. of n-amyl alcohol in the above manner. The bright yellow, crystalline
product, 10 g. (75%) crystallized from ethanol in minute, yellow, rhombic plates, m.p.
302-303° (decomp.).

Angl. Cale’d for Cst:oClzN40382 C, 56.93; H, 3.82.

Found: C, 56.99; H, 3.96.

SUMMARY

The synthesis of several N-substituted heterocyclic as well as certain 9-
acridylsulfanilamides is described. A few of these compounds showed slight
antimalarial activity.

Bernespa 14, Mbp.

5 Prepared by reduction (SnCl;+HC]) of 6-methoxy-8-nitroquinoline; for latter see
Chem. Absts., 22, 1216 (1928).
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The remarkable bacteriostatic powers of the sulfanilamide group are so well
established that it was logical that this class of compounds should be considered
when orientation experiments were undertaken in a search for new antimalarials.
The therapeutic effect of several sulfonamide derivatives has been demonstrated
in connection with simian as well as avian malaria (1, 2, 3, 4). In some cases a
residual immunity was found to persist for periods up to three months (2), but
it was questionable if any complete cure was effected. Moreover, recent studies
in this laboratory (5) showed that sulfadiazine and, to a lesser extent, sulfa-
guauidine exhibit definite prophylactic properties in avian infections. These
interesting findings justified further exploration of this field of compounds.
The availability of the following heterocyclic amines: 6-methoxy-1,2,3,4-
tetrahydroquinoline,? 6-methoxy-8-aminoquinoline,? 1,2,3,4-tetrashydroquino-
line,? 1,2,3,4-tetrahydroisoquinoline (6), ¢rans-decahydroquinoline (7), and
9,10-dihydroacridine (8), prepared in connection with other work in progress in
this laboratory, made it possible to prepare a mixed series of sulfonamide deriva-
tives with the view of studying their possible antimalarial properties.

The condensation of the various heterocyclic amines with N4-acetylsulfanilyl
chloride was effected in one-half minute in boiling pyridine solution, from
which the crude N-acetylsulfanilamides were precipitated with hot water. In
the case of dihydroacridine a longer period of heating (3 minutes) was required
to complete the reaction. Hydrolysis of the N-acetyl groups proceeded smoothly
with either aqueous or alcoholic HCI (8-15%,); alcoholic alkali proved ineffective.

The following experimental details (condensation as well as hydrolysis) were
generally adhered to in the preparation of the several ecompounds described
below. We are indebted to Ass’t Chemist E. A. Garlock for the analytical data;
m.p.’s are uncorrected.

EXPERIMENTAL

N4-Acetyl-N1-(6-methoxy-1,2,8, 4-tetrahydroguinolyl)sulfanilamide. An intimate mix-
ture of 6 grams of 6-methoxy-1,2,3,4-tetrahydroquinoline and 9 grams (5%, in excess of 1
mole) of Nt-acetylsulfanilyl chloride was covered with 25 m!l. of purified, anhydrous pyri-
dine, and the red solution boiled for one-half minute. The reaction mixture was poured

1 The work deseribed in this paper was done under a transfer of funds, recommended by
the Committee on Medical Research, from the Office of Scientific Research and Develop-
ment to the National Institute of Health.

2 -Methoxy-1,2,3,4-tetrahydroquinoline was prepared by high-pressure reduction
(copper-chromite) of 6-methoxyquinoline; for latter see Skraup, Monatsh., 6, 760 (1885).
6-Methoxy-8-aminoquinoline was prepared by reduction (SnCly 4+ HCI) of 6-methoxy-
8-nitroquinoline; for latter see Chem. Absir., 22, 1216 (1928). 1,2,3,4-Tetrahydroquino-
line was prepared by high-pressure reduction (copper-chromite) of quinoline.
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into 200 ml. of boiling water and the product filtered, washed with water, and dried. Re-
crystallization from slightly diluted ethanol (Norit) afforded 11.6 grams of stout prism
clusters, m.p. 222-224°,

N1-(6-Methoxy-1,2,3, j-tetrahydrogquinolyl)sulfanilamide. To a suspension of 8.4 grams
of the above material in 68 ml. of ethanol, 17 ml. of concentrated X Cl was added and the
mixture heated under reflux (steam-bath) for 30 minutes. The resulting solution was
poured into 500 ml. of cold water containing an excess of ammonium hydroxide, and the
product filtered, washed with water, and dried. After two recrystallizations from 709,
ethanol, 6.8 grams of colorless prisms was obtained, m.p. 153.5-155°.

N4-Acetyl-N'-(9, 10-dihydroacridyl)sulfanilamide. In the condensation of 3.4 grams of
9,10-dihydroacridine with 4.6 grams of N¢-acetylsulfanilyl chloride in 18 ml. of anhydrous
pyridine, it was necessary to boil the solution for at least three minutes to ensure complete
reaction.

N1.(9,10-Dihydroacridyl)sulfanilamide. A suspension of one gram of N4-acetyl-Ni-
(9,10-dihydroacridyl)sulfanilamide in 8 ml. of absolute ethanol with 2 ml. of cone’d HCl
was heated on the steam-bath (reflux) for 20 minutes. The dark-colored solution was
filtered from a small amount of insoluble material and the filtrate poured into cold water
(50 ml.). The gum which separated solidified when triturated with a little warm 2 N HCl—
probably the hydrochloride. The latter was collected and converted to the free base by
digesting with warm 2 N NH,OH. Crystallization from 709 ethanol yielded colorless
leaves contaminated with some prisms; the mixture melted over the range 155-175°. It was
found that the prismatic material could readily be removed by sublimation at 125-130°/0.5
mm.; this proved to be 9,10-dihydroacridine, identified by its melting point (172-173°)
alone or mixed with an authentic specimen. The non-volatile or desired product crystal-
lized from 709 ethanol in glistening, hexagonal plates, m.p. 203-204.5°.

SUMMARY

A series of hetgrocyclic substituted sulfanilamide derivatives has been prepared.
Two members of the series, SN 190 and SN 2510, showed slight plasmodicidal
activity towards P. gallinaceum (chick infection).

Bereespa 14, Mb.
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Nitrate (1) and phosphate (2) esters of certain aliphatic nitro alcohols have
been reported. Organic esters may be obtained by the reaction of the nitro
aleohols with organic acids, acid anhydrides, or acid halides. The most exten-
sive series of organic esters was prepared by Tindall (3). In view of the interest
in the use of these compounds as plasticizers it seemed worth while to prepare a
series of arylsulfonyl esters which might be useful for the same purpose.

The appropriate arylsulfony! chloride was mixed with the nitro alecohol and
pyridine was added to react with the hydrogen chloride formed. The following
represents a typical reaction:

CH; 0] CH; O

l ! CH:N l |
CH3CICH20H + ClﬁcsHs ——— CH;CCH:08C:H; + HCl

|
NO, 0 NO. O

The best yields were obtained with one of the monohydric nitro alcohols.
The diols and triols gave less satisfactory yields. 2-Nitro-1-butanol gave none
of the expected ester with benzenesulfonyl chloride and only a low yield with
p-toluenesulfonyl chloride. This behavior can probably be accounted for by the
observation made by Schmidt and Rutz (4) that nitro olefins form readily when
nitro esters of type (I) are warmed with sodium bicarbonate.

1|{ ?cocm
RCIJ———(IJR XaHCO, R(|:=(IJR + CH.COOH
NO, H NO, H

)]

It is to be noted that the carbon atom attached to the nitro group has a single
hydrogen atom attached. The hydrogen atom attached to the carbon bearing
the nitro group is activated. In the example under discussion it is possible that
the ester (II) was formed, but in the presence of pyridine was transformed into

H O 0
| | (CHN) |
CH;CH,CCH,08C¢H; -——~> CH;CH,C=CH, + CsHﬁOH
NO, O NO, 0
(ID)

2-nitro-1-butene a.ﬁd benzenesulfonic acid.

1 Present address: Department of Chemistry, University of New Mexico, Albuquerque,
New Mexico.
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COMPOUND

M.P., °C

YIELD,
%

ANALYSES

Found

Calc’d

TN

%S

TN

%S

. (CH,),C(INO,)CH,080,CsH.CH;-p

2-Nitroisobutyl p-toluenesulfonate

73-74

76.7

5.38

12.28

5.13

11.72

. CszcH (NO:) CH2OSOZC§H4CH3‘Z) .......

2-Nitrobutyl p-toluenesulfonate

52.5-53

20.0

5.18

12.11

5.13

11.72

. p-CH,C:H.80,0CH,C(CH;) (NO)-

CHzOSOzC;H@H;-p ...............
2-Nitro-2-methyltrimethylene p-tolu-
‘enesulfonate

98.5-99

48.0

3.61

14.46

3.15

14.43

. p‘CHICQH‘SOEOCH:C (Csz) (NO;) -

CHzOSOzCsH4CH:-p ................
2-Nitro-2-ethyltrimethylene p-tolu-
enesulfonate

153-154

68.9

3.53

14.42

3.04

13.99

. (P-CH:CQHJSO:OCH:) aCNO: ............

Tris(p-toluenesulfonoxymethyl)nitro-
methane

122-123

39

2.32

15.40

2.28

15.66

. (CH3):C(NO;)CH,080:CeH;. . ..........

2-Nitroisobutyl benzenesulfonate

56

67.9

5.47

12.63

5.44

12.34

. CoIl:S0,0CH,C(CH,) (NO,;) CH,080;-

2-Nitro-2-methyltrimethylene ben-
zenesulfonate

114

3.64

15.60

3.85

15.40

. CgHsSOzOCH:C (CgH;) (NOz) CH2OSO2'

2-Nitro-2-ethyltrimethylene ben-
zenesulfonate

69-69.5

44.2

3.53

15.50)

3.26

14.90

. (CsH80,0CH,);CNO;..................

Tris(benzenesulfonoxymethyl)nitro-
methane

122-123

28.1

2.88

17.90

2.45

16.8

10.

(CH,).C(NO,CH,080.C.HNHCOCH;-p
2-Nitroisobuty! p-acetamidobenzene-
sulfonate

153-164

45.6

9.21

8.86

11,

{p—CH;CONHCeH4SOgOCHz] :C (CH;) -
(NOg) oo
2-Nitro-2-methyltrimethylene p-acet-
amidobenzenesulfonate

198

14.4

8.10

7.93
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The relatively low yields with the diols and triols would be expected because
of the possibility of the formation of a mixture of esters thus increasing the diffi-
culty of purification.

EXPERIMENTAL

In the general procedure for the preparation of these esters, equivalent quantities of the
nitro alcohol and arylsulfonyl chloride were mixed and to this mixture was added slightly
more than the equivalent quantity of pyridine. The pyridine was added slowly with stir-
ring to prevent too great a temperature rise. The reaction mixture was warmed over steam
for from 5 minutes to one hour depending upon the example involved. After the reaction
mixture had cooled, water was added to dissolve any unreacted alcohol and the pyridine
bydrochloride. At this stage the ester usually solidified, and the solid was filtered and
washed with more water. The crude products were crystallized from methanol, ethanol,
or benzene.

A number of variations of the above procedure were tried but with less satisfactory
results. Sodium carbonate and sodium hydroxide were used instead of pyridine to remove
the hydrogen chloride. The resulting yields were about 209, as compared with yields as
high as 769, when pyridine was used. Benzene, chloroform, and xylene were tried as reac-
tion media but in all instances the yields were lowered. Heating above the temperature of
a steam-bath likewise reduced the yields.

The effect of time of heating was studied carefully in the reaction of 2-nitro-2-methyl-1-
propanol and p-toluenesulfonyl chloride. Keeping all other conditions constant and warm-
ing the reactants over steam for the indicated period of time, the yields were as follows:
one hour, 76.7%; 2 hours, 68%; 3 hours, 65%; 15 hours, 40%.

One typical procedure will be described in detail. Six grams (0.05 mole) of 2-nitro-2-
methyl-1-propanol, 9.5 g. (0.05 mole) of p-toluenesulfonyl chloride, and 5 ml. of pyridine
were mixed in a flask and warmed over steam one hour. After cooling to room temperature,
20 ml. of water was added and the mixture was stirred thoroughly. The ester solidified,
was filtered, and washed with cold water. This crude product was crystallized from me-
thanol. Yield, 10.4 grams (76.7%); m.p. 73-74°.

The compounds prepared, together with the yields, melting points, and analyses, are
listed in Table I.

ACEKNOWLEDGMENT

The author wishes to express his thanks to Commercial Solvents Corporation
for assistance in carrying out this work. Thanks are also due Dr. P. J. Baker,
Jr. of Commercial Solvents Corporation who suggested this problem.

SUMMARY

Eleven arylsulfonyl esters of nitro alcohols have been synthesized. Some of
these compounds may be useful plasticizers.

GREENCASTLE, IND.
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The original purpose of this study was to accomplish the ring closure to the
4-position of indole-3-acrylic acid derivatives to yield compounds belonging to
the benz[cd]indole ring system. While this objective was not realized, a number
of condensation products were prepared.

The first attempt to prepare the substituted acrylic acid was by the condensa-
tion of malonic acid with 2-phenylindole-3-aldehyde (1) under Perkin conditions;
this failed, as did attempts to condense these reagents using organic bases as
catalysts. In the hope of obtaining the acrylic acid derivative indirectly, ethyl
cyanoacetate and cyanoacetamide condensation products were prepared. How-
ever, hydrolytic treatment of these products regenerated the 2-phenylindole-
3-aldehyde.

2-Phenylindole-3-aldehyde was oxidized by heating for two hours with 309,
hydrogen peroxide. The resulting acid was not the expected 2-phenylindole-3-
acid but N-benzoylanthranilic acid; this was proved by analysis and by compari-
son with an authentic sample. Other attempts to oxidize the aldehyde with less
concentrated hydrogen peroxide or with alkaline potassium permanganate gave
only smaller yields of benzoylanthranilic acid. It has been reported previously
that 3-nitro-2-phenylindole (2), 1-hydroxy-2-phenylindole (3), and 3-nitroso-
2-phenylindole (2) are oxidized by alkaline permanganate to give N-benzoyl-
anthranilic acid. 2-Methylindole-3-aldehyde yields N-acetylanthranilic acid
under these conditions (4). Angeli and Alessandri (5) ascribed this result to the
hydroxymethylene form of the aldehyde.

2-Phenylindole-3-aldehyde fails to give a sodium bisulfite addition product or
a positive fuchsin test. It does not give a silver mirror with Tollens reagent nor
does it reduce Fehling solution. The failure of these characteristic aldehyde
tests with indole-3-aldehyde has been reported (6). However, the successful
preparation of the oxime, semicarbazone, and p-nitrophenylhydrazone have
been reported (7).

EXPERIMENTAL

Ethyl 2-phenylindole-8-(a-cyano)acrylate (II). 2-Phenylindole-3-aldehyde (I) (2.2 g.;
0.01 mole) was refluxed for twenty minutes in a solution consisting of 6 ce. of isopropyl
alcobol, 3 ce. of pyridine, 0.5 ce. of piperidine, and 1.5 ce. (0.012 mole) of ethyl eyanoacetate.
Crystals separated after dilution with an equal volume of 709% alcohol. Recrystallized
from 95%, alcohol. (See Chart II).

2-Phenylindole-8-(a-cyano)acrylamide (III). A mixture consisting of I (0.10 g.; 0.0045
mole), cyanoacetamide (0.1 g.), piperidine (0.25 cc.), and absolute alcohol (2.0 cc.) was

! Present address: E. I. DuPont de Nemours and Co., Waynesboro, Va.
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heated on the steam-bath for one-half hour. The product which separated was recrystal-
lized from 509, pyridine-alcohol.

Ethyl 2-phenylindole-3-(a-phenyl)acrylate (IV). Compound I (0.50 g.; 0.0023 mole),
ethyl phenylacetate (1 cc.), and piperidine (1 cc.) were refluxed together for one-half hour.
Dilution with alcohol, neutralization with acetic acid, and precipitation with water fol-
lowed. The product was recrystallized from ethyl alcohol.

CHART 1
CHO CH——CCOOC +Hsp
T Owc
NH
I
6H5
H—CCONH, H—CCOOC:H;
sHs C ¢Hs
CeHs
CH==(|3 CN CH=CHCOC.H;
WCGHG _ﬂcmIi
NH NH
VI
(;H—-CHCOC +HiCH; (p)
(/ ¢Hs
VII
CH=CHCOC H.OCH; (p)
(k-

VIII

2-Phenylindole-8-(a-phenyl)acryloniirile (V). Compound I (0.50 g.; 0.0023 mole), benzyl
eyanide (0.5 cc.), in 1 cc. of pyridine containing 3 drops of piperidine, were refluxed for six
hours. Dilution with 4 cc. of aleohol and addition of water gave a yellow oil which slowly
solidified. Reecrystallized from alcohol containing ligroin.

8- (8-Phenylindolyl-8)-acrylophenone (VI). CompoundI (1 g.;0.0045 mole}, 1 cc. of aceto-
phenone, and 10 drops of piperidine were refluxed for ten minutes. The resulting oil was
washed, while hot, with 25 cc. of hot 109, acetic acid. The residue was recrystallized from
15 ec. of alcohol.
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p-Methyl-8-(8-phenylindolyl-3)-acrylophenone (VII). A mixture of I (0.50 g.), methyl
p-tolyl ketone (1 cc.), and 1 cc. of piperidine was refluxed for one-half hour. To the result-
ing solution were added successively: 8 cc. of aleohol, 1 cc. of glacial acetic acid, and water
to the point of cloudiness. The crystals, which formed were recrystallized from ethyl
alcohol.

p-Methoxy-8-(8-phenylindolyl-8)-acrylophenone (VIII). A mixture of I (0.5 g.), p-
methoxyacetophenone (0.50 g.), and 0.5 cc. of piperidine was refluxed for forty minutes.
To the red melt were added successively: 3 ce. of alcohol, 1 ce. of glacial acetic acid,and
water to the point of cloudiness. The product was recrystallized from ethyl alcohol.

CHART 1I
CoNDENSATION PRODUCTS OF 2-PHENYLINDOLE-3-ALDEHYDE

ANAL.

COLOR AND M.P,

IL] o
WITH: PRODUCT YIELD FORM °C Calc’d Found

Ethyl cyano- | (II) CgoH1sN:0, 89 | Yellow [219- [75.9(5.06/8.86!75.7/5.19|8.87

acetate needles 220
Cyanoacet- (IIT) CisH1:N,0, 84 | Yellow 292 [75.3/4.53 75.0/4.59
amide needles

Ethyl phenyl- | (IV) C;HuNO, 52 | Yellow  |199- 81.1{5.9213.94(81.4(5.96/3.83

acetate needles 201
Benzyl cyanide| (V) CysHieNe 76 | Lemon- [176~ 8.75 8.73
yellow 177%
needles
Acetophenone (VI) CgH,;NO 67 | Orange |[170- |85.5/5.26|4.34/85.4(5.60/4.36
needles 17
Methyl p-tolyl | (VII) C:HioeNO 67 | Orange  |200- 4.15 4.15
ketone plate- 201
lets
p-Methoxyace-| (VIII) CoHysNO; | 78 | Orange |176- 3.97 3.82
tophenone prisms 177

s See Experimental Part for details of proportions, time of heating, etc.
® Partial sintering at 167°.

Ozidation of 8-phenylindole-3-aldehyde (I). Compound I (1 g.) was heated on the steam-
bath with 20 ce. of 30% hydrogen peroxide for two hours. The cooled suspension was
cautiously made alkaline with dilute sodium hydroxide. The alkaline solution was filtered
and the N-benzoylanthranilic acid was precipitated by acidification with hydrochloric acid.
After recrystallization from water and from benzene the product melted at 175-176.5°.
Mixture with an authentic sample caused no lowering of the melting point.

Anal. Cale’d for Ci;HuNO;: N, 5.81. Found: N, 5.74.°

SUMMARY

1. Condensation products of 2-phenylindole-3-aldehyde with certain active
methylene compounds have been prepared using basic catalysts.
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2. 2-Phenylindole-3-aldehyde does not have the reducing properties charac-
teristic of aldehydes.

3. Oxidation of 2-phenylindole-3-aldehyde with hydrogen peroxide yields
N-benzoylanthranilic acid.

New York 53, N. Y.
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THE CHEMISTRY OF CITRININ. I. THE SYNTHESIS OF 2,4-
DIMETHOXY-3-ETHYLBENZOIC ACID, AND 2,6-DIMETHOXY-
3-METHYLBENZOIC ACID!

R. D. SPRENGER? axp P. M. RUOFF
Recetved December 12, 1945

In the course of certain citrinin studies begun in 1940 (1) it seemed advisable
to examine some of the evidence presented by Coyne, Raistrick, and Robinson
(2) in support of their proposed structure of citrinin (A), a metabolic product of
the mold, Penicillium citrinum.

According to these investigators the course of the degradation of citrinin
was as shown in Figure 1.

Since none of the degradation products (B—F) was known at the time, they
based these structural deductions upon chemical behavior and the analysis of
certain derivatives. In the case of the two acids (E) and (F), they relied rather
heavily upon the divergent chemical behavior of certain pure specimens of the
dimethyl ethers of orsellinic acid (2,4-dihydroxy-6-methylbenzoic acid) and
p-orsellinic acid (2,6-dihydroxy-4-methylbenzoic acid) which they had on hand.

Since the major portion of their arguments for the structure of citrinin is
based on the correctness of these deductions, a comparison of the properties of
the corresponding synthetic compounds is highly desirable.

Accordingly, we have synthesized the acids, 2,4-dimethoxy-3-ethylbenzoic
acid (IV) and 2,6-dimethoxy-3-methylbenzoic acid (VII) using straightfor-
ward methods as shown in Figure 2 and Figure 3, respectively.

A marked divergency in the melting points of the acids (E) and (F) as ob-
tained by Coyne, Raistrick, and Robinson and the synthetic acids (IV) and
(VII) is to be noted. See Table I.

Such results would indicate that the proof of structure based on synthesis of
the degradation products of citrinin as well as of citrinin, itself, has yet to be
accomplished.?

! From a thesis to be submitted to the Faculty of the Graduate School in partial fulfill-
ment of the requirements for the degree, Doctor of Philosophy, Syracuse University.

t Eaton Foundation Fellow, 1943-46.

3 The synthesis of 2-ethyl-4-methylresorcinol (C) has now been reported (3, 4, 5), but
Robinson and Shah (3) were unable to establish its identity with the corresponding phe-
nolic degradation product of citrinin since the latter, as they stated, ‘had deteriorated;
originally of m.p. 98-99°, it had m.p. 65-70° after an interval of two or three years.”

We have also synthesized the dialkyl resorcinol (C) using the methods of Yanagita,
Shah and Shah, and Robinson and Shah, starting in the latter case, however, with 2-ethyl-
resorcinol as prepared by the method of Russell, Frye, and Mauldin (6). In each case the
same product (m.p. 100-101°, after sublimation) was obtained as confirmed by mixed melt-
ing points. Its color reactions however corresponded to those reported by Yanagita.

It is of interest, also, to note that in our hands an attempt to obtain the phenolic degra-
dation product (C) from citrinin, itself, gave us a product whose melting point was 67-70°
(see above) instead of 97-99° as previously reported (2).

189
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TABLE 1
CoMPARISON OF PHYSICAL PROPERTIES
COMPOUND M.P.°C (UNCOR.)
Acid ().t i e 97-99 (2)
2,4-Dimethoxy-3-ethylbenzoic acid (IV)....................... 128-129
Acid (F) . .. 142-146 (2)
2,6-Dimethoxy-3-methylbenzoic acid (VII).................... 117-118
COOH (I)H
2H5 / \ Ol H H
2H.0
/\ /
CHCH.s CH,
B
NaOH
A
(‘)CH; ?H
C2H5 ‘_(CHa)zSO¢_ C2H5
CH;O HO
CH, CH,
D C
[0]
KMDOA
(I)CHs CI)CHs
C.H; COOH
+
CH, O OCH;,
CO0OH CH;
E F

F1g. 1. DEGgrADATION OF CITRININ
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?H ?CHa
CuHy (CHY:SO, CaHs
HO CH;O
I 1I
ZH(CN)Q
HCI
AlC),
(I)CH;; CIJCHs
C:H; (_H,O, C.H;
CH;O CH, O
COOH éHO
v III
F1a. 2. SYNTHESIS OF 2,4-DIMETHOXY-3-ETHYLBENZOIC ACID
(l)H (I)CHa OCH,
WCOCH, (CH,)s80, COCH, [0} COOH
—————3 —_————
_/OH OCH, NaoCl OCH,
CH, CH; CH,
v VI VII

Fia. 3. SynTHESIS OF 2,6-DIMETHOXY-3-METHYLBENZOIC ACID

EXPERIMENTAL

An attempt to prepare 2,4-dimethoxy-3-ethylbenzoic acid (IV) by the direct methyla-
tion of 2,4-dihydroxy-3-ethylbenzoic acid was unsuccessful. Although the latter com-
pound has not been reported in the literature it was readily obtained by the carboxylation
of 2-ethylresorcinol. Methylation with dimethyl sulfate or with methyl iodide gave a
crystalline compound but the product melted over a wide range and the neutral equivalent
indicated only a monomethoxy compound. A strong color reaction with ferric chloride
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also indicated incomplete methylation. Use of diazomethane gave an alkali-insoluble
compound but hydrolysis of the ester resulted in a compound which corresponded again to
the monomethoxy derivative. Accordingly, the following synthesis was utilized.

2,6-Dimethozyethylbenzene (I7). 2-Ethylresorcinol (I) (m.p. 94-95°) as prepared by the
method of Russell, Frye, and Mauldin (6) was methylated in the usual fashion with di-
methyl sulfate and alkali giving the methoxy compound, which melted at 57-58° after recrys-
tallization from 80%, alcohol (709, yield).

Anal. Cale’d for C,oH,,0,: C, 72.26; H, 8.49.

Found: C, 71.98; H, &.12.

2,4-Dimethozy-3-ethylbenzaldehyde (III), To a mechanieally stirred solution of 7 g.
(0.042 mole) of the 2,6-dimethoxyethylbenzene in 40 cc. of dry ether cooled by a freezing
mixture, 10 g. (0.085 mole) of zine cyanide was added followed by 11.3 g. of aluminum chlo-
ride (0.085 mole) in 40 cc. of dry ether. Dry hydrogen chloride was passed in for four
hours. After keeping the mixture in the refrigerator for 24 hours, the ether was decanted,
the aldimine hydrochloride washed with ether and decomposed by heating with 75 cc. of
water on the steam-bath for 30 minutes. When cooled, a pale yellow oil separated which
crystallized on standing. Decolorization and recrystallization from alcohol gave 5 g.
(50%) of yellow needles melting at 59-60°.

The p-nitrophenylhydrazone was prepared and crystallized from glacial acetic acid giv-
ing orange-red needles melting at 219-220°.

Anal. Cale’d for C7H;oN;O4: N, 12.76. Found: N, 12.98.

2,4-Dimethoxy-3-ethylbenzoic acid (IV). To a solution of 30 cc. of 5% sodium hydroxide
and 60 cc. of 3%, hydrogen peroxide warmed to 65-70° was added 2 g. (0.01 mole) of the
aldehyde (III). After addition of 20 cc. of alecohol the mixture was shaken and heated at
70-75° for twenty minutes. An additional 20 ce. of hydrogen peroxide was added and the
mixture warmed for two minutes longer. After cooling, the solution was ether extracted
to remove unreacted aldehyde and the aqueous layer made acid to Congo Red with hydro-
chloric acid. Recrystallization of the precipitated acid from ligroin gave colorless needles
(1 g., 479 yield), melting at 128-129°,

Anal. Cale'd for CiH.,04: Mol. wt. 210.2: C, 62.84; H, 6.71.

Found: C, 62.32; H, 6.54; N. E., 208.4.

The acid thus obtained gave no color reaction with either aqueous or alcoholic ferric
chloride. It was soluble in aleohol and benzene, slightly soluble in cold and moderately
soluble in hot water.

2,6-Dimethoxy-8-methylbenzoic acid (VII). 2,6-Dihydroxy-3-methylacetophenone (V)
(m.p. 138-139°) as prepared by the method of Yanagita (4) was methylated in the usual
manner with dimethyl sulfate and alkali. A pale yellow oil was obtained which solidified
on standing in the cold (m.p. 20-22°) (707 yield). The methoxy ketone (VI) was oxidized
direetly without further purification as follows:

Chlorine gas was passed into a solution of 18.4 g. (0.46 mole) of sodium hydroxide in a
mixture of ice (120 g.) and water (30 cc.) until the solution was neutral to litmus. A solu-
tion containing 3.4 g. of sodium hydroxide in 10 cc. water was then added. The mixture
was warmed to 60-~70° and 6 g. (0.03 mole) of the methoxy ketone (VI) added with vigorous
stirring. After stirring for two hours at 60-70° the solution was cooled and treated with
10 g. of sodium bisulfite in 30 cc. of water to destroy excess hypochlorite. Following an
ether extraction to remove unreacted ketone, the aqueous layer was acidified with hydro-
chloric acid. The precipitated acid (3 g., 50% yield) on recrystallization from a benzene-
petroleum ether mixture was obtained in the form of colorless prisms which melted at 117~
118°. It was soluble in benzene and alcohol, slightly soluble in cold water, and moderately
goluble in hot water. No color was given with ferric chloride in either aqueous or alcoholic
solution.

Anal. Cale’d for CioH1:04: Mol. wt. 196.2; C, 61.21; H, 6.17.

Found: C, 60.83; H, 6.04; N. E. 197.
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SUMMARY

2,4-Dimethoxy-3-ethylbenzoic acid and 2,6-dimethoxy-3-methylbenzoic acid
have been prepared. Their melting points do not correspond to those reported
for the degradation products of citrinin.

Syracusg, N. Y.
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ALKYLATION OF ETHYL MALONATE WITH DIETHOXYMETHYL
ACETATE!

REYNOLD C. FUSON, WILLIAM E. PARHAM, ano LESTER J. REED
Received December 86, 1946

In an attempt to improve the yield of ethyl ethoxymethylenemalonate (I) by
the Claisen method (1), a study has been made of the mechanism of the reaction.
The original procedure involved treatment of ethyl malonate with ethyl ortho-
formate in the presence of acetic anhydride and zinc chloride. It was believed
that the two esters underwent condensation with the elimination of ethanol, and
that the function of the anhydride was to remove the ethanol.

C.H;OCH(OC,Hs); + H,C(CO0,C;H;), — C.H;OCH=C(CO.C.;Hs); + 2C,H:OH
I

An entirely different mechanism was suggested by the discovery of Post and
Erickson (2) that ethyl orthoformate reacts with acetic anhydride to form
diethoxymethyl acetate (II) and that the latter can be condensed with ethyl
acetoacetate to give ethyl «-(ethoxymethylene)acetoacetate (III).

(C:H;0),CHOC,H; + (CH;C0):0 — (C,H;0):CHOCOCH; + CH,;CO,C:Hs
II

CH@COCHgCOngHs + (CszO)zCHOCOCHz —
II

CH;COCCO:C.Hs + CHsCO.H + C:H;OH

|
CHOC,H;
111

These observations indicate that in the Claisen process the ethyl malonate might
undergo alkylation with diethoxymethyl acetate to yield ethyl diethoxymethyl-
malonate (IV), which by loss of a molecule of ethanol would yield ethyl ethoxy-
methylenemalonate (I).

(C.H;0),CHOCOCH; -+ CH3{CO.C,Hs),
II
— (C,H50),CHCH(CO,C;H;): + CH,COOH
v

In the present work it has been shown that this alkylation does occur. When
diethoxymethyl acetate (II) was heated with ethyl malonate in the absence of a
catalyst, a new ester, ethyl diethoxymethylmalonate (IV) was obtained in a

1The work described in this paper was done under a contract, recommended by the
National Defense Research Committee and the Committee on Medical Research, between
the Office of Scientific Research and Development and the University of Illinois.
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yield of 179,. The presence of a small amount of zinc chloride increased the
yield considerably. In this case, however, the product was a mixture of ethyl
diethoxymethylmalonate (IV) and ethyl ethoxymethylenemalonate (I). If it
is assumed that the latter is formed by way of the diethoxymethylmalonate, the
extent of diethoxymethylation corresponds to 539, of the theoretical amount.

The alkylation of an active methylene compound by an ester of a carboxylic
acid rarely has been observed. Ethyl acetoacetate was found by Hauser and
Breslow (4) to undergo isopropylation when treated with isopropyl acetate in the
presence of boron trifluoride. Metal derivatives of monoalkylated malonic
esters were found by Wallingford and Jones (5) to undergo alkylation when
treated with alkyl carbonates. It appears that esters of aleohols of the allyl
type are able to alkylate ethyl acetoacetate in a similar way. This hypothesis
affords a satisfactory explanation of the formation of the esters of 3-phenyl-
propionic and allylacetic acids when the sodium derivative of ethyl acetoacetate
is treated with benzyl or allyl acetate, respectively, in the presence of sodium
ethoxide (6).

It would appear that the new example of alkylation is closely related to that
which occurs with allyl and benzyl esters, in which the release of the alkyl radicals
occurs with unusual readiness. In diethoxymethyl acetate the release of the
diethoxymethyl group as a carbonium ion is facilitated by the presence of the
ethoxy groups on the carbon atom which is the electron-accepting component
in the alkylation.

The new ester (IV) also was isolated by careful fractionation of ethyl ethoxy-
methylenemalonate prepared by the Claisen method,? a fact which is in harmony
with the belief that it is formed as an intermediate in that process. It was pre-
pared also in 909 yield by the addition of a molecule of ethanol to ethyl ethoxy-
methylenemalonate in the presence of sodium ethoxide.

C.H;OCH=C(CO,C.Hj;); + C;H;OH = (C.H;0);CHCH(CO.C,Hj),
I v
The reaction was found to be reversed by heating in the presence of zinechloride;
however, the main product under these conditions was not ethyl ethoxy-
methylenemalonate (I) but 3,5-dicarbethoxy-6-ethoxy-a-pyrone (V), a com-
pound the structure of which was established by Guthzeit and Dressel (3).
Since ethyl orthoformate was identified as a product of this decomposition, it
seems likely that the formation of V may have occurred in the following way.

(C.H:0),CHCH(CO,CsHs) izft‘—» CoH;0 CH=C(C0,C;Hy); + C:H,0H

Iv I
(C:H;0),CHCH(CO;C.Hy): + C.H;0H — (C.H;0);CH + CH2(CO:C.Hs),
C.H;OCH=C(CO0,C:H;); + CH;(CO0.C.Hjy); —

2 The authors are indebted to Dr. Wesley Minnis of the National Aniline Division of the
Allied Chemical and Dye Corporation for carrying out this fractionation.
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When ethyl diethoxymethylmalonate (IV) was heated with zinc chloride in the
presence of acetic anhydride the main product was ethyl ethoxymethylenemalo-
nate (I). Itisprobable that under these conditions the acetic anhydride removes
the ethyl alcohol which is formed, thus preventing the liberation of ethyl
malonate and in turn formation of the pyrone.

On the basis of this observation it seemed likely that the yield of ethyl ethoxy-
methylenemalonate from the Claisen procedure might be improved simply by
heating the reaction product, without removal of the zinc chloride, in order to
decompose the ethyl diethoxymethylmalonate. Experiment has verified this
expectation. The heating converts the diethoxymethyl compound to the
ethoxymethylene derivative, thus at once destroying a troublesome contaminant
and increasing the yield of the desired product.

EXPERIMENTAL

Condensation of diethozymethyl acetate with ethyl malonate. Diethoxymethyl acetate,
prepared by the method of Post and Erickson (2), was condensed with ethyl malonate by
the following procedure. An equimolecular mixture of the two esters (80 g. of each) was
heated until the temperature reached 116° (forty-five minutes). After four hours at this
temperature the mixture was distilled under reduced pressure; fraction 1, b.p. 69-92°
(14-18 mm.), n} 1.3810-1.4150 (124 g.), consisted of a mixture of diethoxymethyl acetate
and ethyl malonate; fraction 2, collected up to 125° (7.5 mm.), ny 1.4150 (3 g.), was mainly
ethyl diethoxymethylmalonate; fraction 3, b.p. 126~129° (7 mm.), ny 1.4220 (22 g. or 17%
of the theoretical amount), was pure ethyl diethoxymethylmalonate.

When the foregoing experiment was carried out with 0.2 g. of anhydrous zinc chloride
in the reaction mixture the yield of alkylation product was much greater. The product
was separated by fractional distillation into three fractions. Fraection 1, b.p. 70-100°
(15 mm.), ni 1.3980-1.4180 (54 g.), consisted mainly of unchanged reactants; fraction 2,
b.p. 126-131° (8 mm.), n}h 1.4180-1.4225 (17 g.), was ethyl diethoxymethylmalonate; frac-
tion 3, b.p. 107-115° (0.5 mm.), nj 1.4275-1.4550 (53 g.), was a mixture of ethyl diethoxy-
methylmalonate and ethyl ethoxymethylenemalonate.

Ethyl diethoxymethylmalonate. To a mixture of 108 g. (0.5 mole) of ethyl ethoxymethyl-
enemalonsate and 5 ml. of a 109 solution of sodium ethoxide was added 41.4 g. (0.9 mole)
of anhydrous ethanol during the course of ten minutes. The temperature was maintained
at 30—40° during the addition of ethyl alecohol and for one hour afterward. The reaction
mixture was neutralized with acetic acid and distilled under reduced pressure. The yield
of ethyl diethoxymethylmalonate, b.p. 88-89° (0.18 mm.), was 118 g. (90% of the theoretical
amount). A redistilled sample, 25 1.4209, was submitted for analysis.
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Anel. Cale’d for CpH,:0s: C, 54.95; H, 8.45.
Found: C, 54.75; H, 8.36.

The compound isolated by fractional distillation of ethyl ethoxymethylenemalonate,
prepared according to the Claisen method, had the boiling point 133-134° (7-9 mm.); nj
1.4209, n} 1.4220.

Anal. Cale’d for Ci:H2O¢: C, 54.95; H, 8.45.

Found: C, 54.97; H. 8.15.

Pyrolysis of ethyl diethoxymethylmalonate. A. In the presence of zinc chloride. A
mixture of 30 g. of ethyl diethoxymethylmalonate and 0.1 g. of anhydrous zine chloride
was heated at 95-125° for two and one-half hours and then at 125-130° for two hours, while
a slow stream of nitrogen gas was bubbled through it. During the heating process 12 ml.
of distillate was collected. The reaction mixture was distilled under reduced pressure;
fraction 1, b.p. 100-104° (0.19 mm.), n} 1.4530, weighed 1.7 g. and consisted mainly of ethyl
ethoxymethylenemalonate; fraction 2, b.p. 104° (0.19 mm.), ny 1.4605 (6.5 g.), was pure
ethyl sthoxymethylenemalonate; the residue (10.0 g.), solidified on cooling. After re-
erystallization from toluene and then from petroleum ether (90-110°), it melted at 94-96°
and did not depress the melting point of an authentic sample of 3,5-dicarbethoxy-6-ethoxy-
a-pyrone (V).

During the vacuum distillation 4 g. of volatile material was collected in the dry-ice trap.
This material and that collected during the pyrolysis were combined and redistilled to give
5.4 g. of ethyl alcohol, b.p. 77°, np 1.3610 and 1 g. of ethyl orthoformate, b.p. 140-145°,
nh 1.3950. The latter compound was characterized by conversion to trianilinomethare,
m.p. 137-138° (2). A mixed melting point with an authentic sample was not depressed.

B. In the presence of zinc chloride and acetic anhydride. A mixture of 75 g. (0.286 mole)
of ethyl diethoxymethylmalonate, 35 g. (0.343 mole) of acetic anhydride, and 0.1 g. of
anhydrous zinc chloride was heated at 150-160° for two hours in a 200-ml. distilling flask
equipped with a 6-in. column, still-head, and condenser. During the heating process
19 g. (0.21 mole) of ethyl acetate distilled and was collected. The reaction mixture was
cooled, filtered, and distilled under reduced pressure; fraction 1, b.p. 85-109° (0.5 mm.),
ne 1.4300-1.4585 (18 g.), consisted of ethyl ethoxymethylenemalonate contaminated with
unchanged ethy! diethoxymethylmalonate; fraction 2, b.p. 109° (0.5 mm.), np 1.4602 (37 g.
or 629,), consisted of pure ethyl ethoxymethylenemalonate.

Ethyl ethorymethylenemalonate. This ester was made by a modification of the proce-
dure of Claisen (1). A mixture of 1000 g. (6.75 moles) of ethyl orthoformate, 1260 g. (12.3
moles) of acetic anhydride, 960 g. (6.0 moles) of ethyl malonate, and 0.5 g. of zinc chloride
was placed in a 5-1. three-necked flask equipped with a thermometer and a 12-in. column
packed with Berl saddles. The column was attached to a still-head and condenser. The
mixture was well agitated and then heated as follows.

Reaction Temp., °C. Time (Hra.)
102-115 2.5
115-127 7
127-145 2
145-155 2

After eight hours of heating, 250 g. (2.45 moles) of acetic anhydride and 200 g. (1.35 moles)
of ethyl orthoformate were added. The eleventh hour of heating was carried out at
slightly reduced pressure (735 mm.) to aid in the removal of the last traces of volatile
materials. The mixture was cooled to room temperature, filtered, and distilled under
reduced pressure. A forerun, collected up to 70° (17 mm.), contained very little malonic
ester. A second fraction was collected from 70-100° (17 mm.); when redistilled it yielded
148 g. (15.3%) of malonic ester, np 1.4142. The residue then was distilled in vacuo. In
addition to a small forerun (15 g.), 818 g. of ethyl ethoxymethylenemalonate was collected;
b.p. 108-110° (0.25 mm.); n} 1.4600-1.4620. The weight of residue was 35 g. The yield of
ethyl ethoxymethylenemalonate was 63%, based upon the amount of malonic ester em-
ployed, or 75%, based upon the malonic ester which was consumed in the reaction.
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SUMMARY

It has been shown that ethyl malonate is alkylated when heated with diethoxy-
methyl acetate. The yield of diethoxymethylation product is increased by the
presence of a small amount of zinc chloride. The alkylation product, ethyl
diethoxymethylmalonate, is a new compound; it has been prepared also by the
addition of ethanol to ethyl ethoxymethylenemalonate in the presence of sodium
ethoxide.

UrBaNa, ILL.
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Polymorphism of aliphatic compounds evidently occurs more widely than has
previously been thought. In recent years there have been reports concerning
the polymorphic behavior of some members of almost all of the common classes
of paraffin-chain compounds. It is quite possible that under certain conditions
all of the higher alkyl derivatives may exist in more than one crystalline modi-
fication. In view of the influence of this phenomenon upon melting points,
golubilities, and other related physical properties, it is becoming increasingly
important that the organic chemist be aware of the polymorphic behavior of
the long-chain compounds.

The occurrence of polymorphism may be demonstrated by a variety of
physico-chemical measurements. Of these, the most direct are the determina-
tion of the respective freezing and melting points of the several crystalline modi-
fications, measurements of their corresponding solubility curves in a variety of
solvents, determination of the respective liquidus and solidus curves of the
temperature-concentration diagrams of binary homologs, and x-ray investiga-
tion of the erystal spacings. By such methods, two or more erystalline modifi-
cations have been definitely established for many of the triglycerides (1-4),
the ethyl esters of saturated fatty acids (5-8), the primary aliphatic alcohols
(9-11), and for oleic acid (12). In all of these instances, the compounds in-
vestigated exhibit two (or more) definite melting points, or at least, as in the
case of many of the triglycerides (4), sharp breaks in the heating curves of the
compounds. Several x-ray investigations (13, 14) have shown that the higher
saturated fatty acids exist in two crystalline modifications, although only one
melting point has been reported for each of these acids. It has been suggested
that the two forms of palmitic and stearic acids have identical melting points
(13), but no explanation has been proposed for such a thermodynamic paradox.
Other instances of polymorphism have been reported for the higher alkylam-
monium acetates, chlorides, and bromides (15-18), and for several of the sub-
stituted fatty acid amides (19). In these cases, however, the polymorphic
modifications are evidenced only in relatively dilute aqueous or alcoholic solu-
tions, while at higher concentrations only one crystalline form is exhibited.

While the phenomena cited above were exhibited by reputedly pure com-
pounds, several investigators (20, 21) have proved that in many instances poly-
morphism is attributable to the presence of impurities, chiefly closely related
homologs, which tend to stabilize a metastable modification to such an extent
that transformation to the corresponding stable crystalline form is impeded,
or even prevented. For example, it has been shown (22) that a small amount
(less than 5%) of octadecane produces two crystalline modifications in hexadec-
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ane, although no evidence of polymorphism is found in the latter hydrocarbon
in its pure state (23). The higher alkyl halides behave in a similar manner (22).
Although it has been stated (24) that the higher aliphatic nitriles are polymor-
phic, a recent report from this laboratory (25) shows that less than 19} of palmi-
tonitrile in stearonitrile (or vice versa) produces not only two crystalline modi-
fications, but several mesomorphic forms in addition. Such behavior is not
exhibited by the pure components. Other recent studies in this laboratory
(26) indicate that the behavior of the higher saturated fatty acids may likewise
be attributable to the presence of small amounts of homologs, in view of the
marked similarity between the temperature-concentration diagram of binary
mixtures of the acids and the corresponding diagrams of the nitriles.

A previous investigation of the secondary amines (27) dealt with the solubili-
ties of several of the higher homologs in a variety of organic solvents. It was
found that dioctylamine presented two solubility curves in the non-polar and
slightly polar solvents, one curve representing the solubility of a lower-melting,
more soluble form, and the other a higher-melting, less soluble modification. In
the more highly polar solvents, dioctylamine presented only one solubility
curve, that of the higher-melting form. While didodecylamine exhibited two
melting points, it presented only one solubility curve since a rapid transforma-
tion from the low-melting to the higher-melting form precluded determination
of the solubility curve of the lower-melting form. The higher homologs ap-
peared to exist in only one crystalline modification. Further investigation of
this class of compounds revealed certain apparent inconsistencies which form
the basis of the present paper.

EXPERIMENTAL

Dihexylamine, didecylamine, and dihexadecylamine were prepared by heating their
respective primary amines for 5-6 hours at 200° in the presence of Raney nickel catalyst as
described previously (27). The two lower homologs were purified by fractionation in
vacuo in a Stedman-packed column. The distillates were cooled without access to the
atmosphere, and transferred to small, tightly capped bottles under an atmosphere of nitro-
gen to prevent contamination with carbon dioxide. The dioctylamine employed in the
previous studies was subjected to a further vacuum distillation in the Stedman-packed
column and several fractions wers bottled in the above manner. In addition, about 50
ml. of the middle fraction were distilled directly into a Pyrex test tube (25 mm. diam.)
which was then sealed off while under vacuum. The hexadecylamine, as well as the tetra-
decylamine which was employed in the previous studies, was repeatedly crystallized from
mixtures of freshly distilled ethanol and benzene and filtered under an atmosphere of nitro-
gen. The precipitates were dried by heating well above their melting points under a
vacuum and were bottled as above.

The freezing and melting points of the several crystalline forms of these compounds
were determined by direct measurement with a calibrated thermometer immersed in 10-25
g. samples of the amines without exposure to atmospherie carbon dioxide. For tempera-
ture below 10° a calibrated iron-constantan thermocouple was used. The equipment and
general procedures for determining the freezing and melting points and for several addi-
tional solubility measurements have been described previously (15-18). The observed
freezing and melting points are listed in Table 1.

The earlier report (27) that dioctylamine forms a carbamate with the freezing point
36.6° has been verified. In addition, small amounts of didodecylamine and dioctadecyla-
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mine were thoroughly exposed to the atmosphere, and subsequent analyses showed that
one mole of carbon dioxide reacts with two moles of secondary amines. The melting points
of didodecylamine and dioctadecylamine carbamates determined by means of a small,
electrically heated hot-plate were 58.3° and 74.4°, respectively. Hence, it is probable that
gome of the reference melting points listed in Table I may be the melting points of sec-
ondary amines which had been contaminated by exposure to carbon dioxide.

TABLE 1
FrEEZING AND MELTING POINTS OF SECONDARY AMINES
§O, 0 C | p or e, LT, 1.2, °C
ATOMS ' t
a 8

Dihexylamine 12 —13.06 |—13.06 0.5*

Diheptylamine 14 1 (28)

Dioctylamine 16 14.62 14.62 26.7* 14.60 (@27)
26.7  (27)
36.5  (29)
35 (30)
34 (31)

Didecylamine 20 32.60 32.60 41.5* 42-42.5 (31)

Didodecylamine 24 46.95 46.95 51.8 46.9 2n
51.8 27
58 30)
51-53 (31)
55-56  (32)
44 .4 (33)
52-53 (34)
53 (35)

Ditridecylamine 26 53.5 53.5 56.5 56.5 27)

Ditetradecylamine 28 60.62 60.62 60.6 (27)
56-58 (31)
56 (35)

Dipentadecylamine 30 63.3 63.3 63.3 27)

Dihexadecylamine 32 67.03 67.03 65 30)
6465 (31, 36)
64 (35)

Diccetadecylamine 36 72.3 72.3 72.3 (27)
71-72 (31
73-74 (34)

* Values obtained both by extrapolation of solubility curves and from melting point
determination of slightly impure amine (see text).

RESULTS AND DISCUSSION

The freezing and melting points of a number of high molecular weight sym-
metrical normal aliphatic secondary amines are shown graphically in Fig. 1,
the temperatures being plotted against the total number of carbon atoms in the
amine molecule. This diagram shows that these temperatures fall on two curves
which intersect at the freezing (and melting) point of ditetradecylamine. While
the lower homologs, under certain conditions, exhibit two crystalline forms
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as evidenced by their different melting points, ditetradecylamine and its higher
homologs appear to exist in only one crystalline form.

The behavior of didodecylamine is typical of aliphatic compounds possessing
two melting points. Upon cooling, this compound begins to freeze at 46.95°

80

T T

60

40 —

TEMP,, °C.

20 ]

-20 R TN SV NS N U NN AR SRS SN AUV SN N N
12 16 20 24 28 32 36
NO. OF CARBON ATOMS

Fra. 1. Freezing and Melting Points of the Symmetrical Normal Aliphatic Secondary
Amines. The solid circles represent the authors’ data, and the open circles refer to data
in the literature.

in the form of small, transparent crystals, which, if heated rapidly, will melt at
this temperature. If the temperature is kept constant at the freezing point for
several minutes, however, this amine transforms to a dense, opaque crystalline
form which melts at 51.8°. The lower-melting form is generally designated the
a-modification, while the higher is called the g-modification. Similar behavior
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of many long-chain compounds has been observed (7, 10, 22, 25, 37, 38). While
ditridecylamine appears to present a similar behavior, its transformation is so
rapid as to preclude accurate determination of the freezing point. Since the
purity of this amine was below that of the other homologs (as indicated by its
melting point being 0.2° below the curve), the upper portion of the lower curve
in Fig. 1 has been extrapolated to its intersection with the other curve.

The lower homologs, dihexylamine, dioctylamine, and didecylamine, present
an anamolous behavior in that only the relatively impure samples exhibited the
type of dimorphism described above. The very highly purified fractions of
these three amines repeatedly freeze and melt only at the temperatures repre-
sented by the lower curve in Fig. 1. A small amount of impurity, however,
permits the realization of the higher-melting form. This impurity may be
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F16. 2. Solubility of Dihexylamine in n-Hexane. The lower curve represents the solu
bility of the a-form, and the upper curve that of the g-modification.

either carbon dioxide, a homolog of the secondary amine, or an organic solvent.
In the case of dioctylamine, less than 0.19, of any of these impurities was suffi-
cient to bring about formation of the higher-melting crystals. Itis evident that
this behavior contradicts the generally accepted opinion that the presence of an
impurity necessarily stabilizes the lower-melting form and retards its trans-
formation to the higher-melting form (20, 21). The melting points of the higher
form of dihexylamine, dioctylamine, and didecylamine were quite accurately
located by determining the solubilities of these amines in several organic sol-
vents as illustrated by Fig. 2, which represents the solubility of dihexylamine
in hexane. In this case, the various concentrations of amine precipitate from
golution at temperatures on the lower curve which intersects the freezing point
of the pure amine at A(—13.06°). In a short time (usually only a few seconds
at the lower concentrations), the amine has transformed to the second crystal-
line form which, upon heating, redissolves at temperatures on the higher curve.
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Extrapolation of this curve to 1009, solute gives the melting point of the higher-
melting crystalline form at B(0.5°). The melting points of this 8-form of the
lower homolog determined in this manner fall on the continuation of the curve
through the melting points of the higher homologs. Since these higher melting
points cannot be observed directly for the lower homologs, the curve below
didodecylamine has been drawn as a broken line in Fig. 1.

The results of this investigation are paralleled to some extent by studies of
the higher primary aliphatic alcohols (11). The latter compounds also exhibit
two melting point curves which intersect at the melting point of tetradecyl
alcohol. In this case, the higher alcohols, as well as their lower homologs, pos-
sess two melting points. The absence of a higher melting point curve in the
case of the higher secondary amines may be due to failure in ascertaining the
proper conditions necessary to effect the transformation, although considera-
tion was given to this possibility, in view of its prediction by the configuration
of the curves in Fig. 1. It was established, however, that the factor which
brings about the dimorphism of the lower secondary amines, namely, the pres-
ence of impurities, does not function in the same manner for the higher homologs.

It appears to be of some significance that the melting point curves of the ali-
phatic alcohols intersect at the melting point of tetradecanol, while the corre-
sponding curves of the higher secondary amines intersect at the melting point
of ditetradecylamine, which contains exactly twice as many carbon atoms as
does the alcohol. This phenomenon suggests that the secondary amines may
not exist in & linear molecular configuration,

|
ve o —C—C—N—C—C—...

but rather, in some manner in which the paraffin chains are parallel,

The latter structure would result in the secondary amines presenting certain
physical properties approximately those of other aliphatic compounds contain-
ing half as many carbon atoms.

X-ray studies of the alcohols (9) have demonstrated that these compounds,
as well as the fatty acids and their esters, exist in two crystalline forms, one in
which the molecules are arranged in bimolecular layers with their polar groups
adjacent and their paraffin chains aligned perpendicularly to the plane of the
polar groups, and the other in which the parallel carbon chains are tilted at an
angle to the plane of the polar groups, It has generally been found that this
tilted form is characteristic of the lower-melting, unstable polymorphs, while
the higher-melting, stable crystals possess the vertical configuration, except in
the case of the aliphatic alcohols above tetradecanol, which present the opposite
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phenomenon. It is highly probable that the dimorphism of the high molecular
weight secondary amines is attributable to similar changes in their molecular
structures.

A unique feature of the dimorphism of the lower homologs, noted particularly
in the case of dioctylamine, is the fact that the slightly impure samples appear
never to transform completely to the higher-melting form even after several
months. A further peculiarity is the failure to observe directly a transforma-
tion from the a- to the g-form; the higher form seems to appear spontaneously
from the liquid state at temperatures between the melting points of the lower
and higher forms. This behavior, and the marked differences in the slopes of
the respective solubility curves (27) indicate that the two crystalline forms differ
by more than a variation in the angles of tilt of their molecules. Such behavior
suggests that the two forms differ in the nature of their molecular association due
to hydrogen bondings. Thus, one form may be associated linearly,

«—N—HeN—HeN—H«—
N N N
R RR RR R
and the other form may possess a cyclical structure,
R H R
N N/
N N
NN
R H R
Since the entropies of these structures would be practically identical, the failure
to realize a transition from one to the other is understandable. It is possible
that one of the polymorphic forms of the solid possesses a different type of asso-
ciation from that encountered in the liquid state. The inability to realize
complete solidification of the lower secondary amines in their 3-form may be
attributable to an equilibrium between the molecular arrangements of the
higher-melting crystals and the liquid.

It is evident from this discussion that the determination of the melting points
of the higher secondary amines involves many factors which preclude the use of
this physical property as a means of identification. This property, however,
appears to present an excellent criterion of ultimate purity for the amines below
ditetradecylamine in this series. By accurate titration of these lower amines
with carefully standardized hydrochloric acid, by estimation of cooling curves,
and by the addition of known amounts of impurity to highly purified secondary
amines, it was found that samples containing in excess of only 0.05%, impurity
exhibited dimorphism, while samples of greater purity presented only one
crystalline form.

SUMMARY

The freezing and melting points of a series of high molecular weight aliphatic
secondary amines have been accurately determined. It isfound that the amines
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below ditetradecylamine in the series present dimorphic tendencies, except in a
very highly purified condition.

Cuicago, ILL.
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Most of the story about hydroxamic acids has been developed from work with
derivatives of the monocarboxylic acids, although the first hydroxamic acid dis-
covered was that of a dicarboxylic acid. Lossen (1) obtained oxalohydroxamic
acid in 1869 by the interaction of ethy! oxalate and hydroxylamine. Other
workers (2) have extended its chemistry, including rearrangement of its benzoyl
derivative to hydrazine (3).

The terminology of the hydroxamic acids is patterned after that of amides
because the former are but hydroxyamides with acid properties. Hence, just as
CH,(CONHy;); is named malonamide (not malonodiamide) so also CHy(CON-
HOH), is named malonohydroxamic acid (not -dihydroxamic acid). The name
malonobenzoylhydroxamic acid, CHo(CONHOCOCHs): , follows precedent of
substituted amides, e.g. malonomethylamide for CH,(CONHCH,);. Half
hydroxamic acids are named as derivatives of half amides. An illustration is
N-hydroxysuceinamic acid, HONHCOCH;CH,COOH, derived from succinamic
acid.

Hydroxamic acids related to higher aliphatic dicarboxylic acids were known
prior to this study but their rearrangement had not been reported. Malono-
hydroxamic acid was synthesized both from ethyl malonate (2) and from carbon
suboxide (4). Suberohydroxamic acid was made (7) by interaction of suberalde-
hyde and sodium nitrohydroxamate. Both succinohydroxamic acid and N-
hydroxysuccinamic acid (I) were prepared, the former (5) from ethyl succinate
and the latter (6) from either succinic anhydride or succiny! chloride. Acetic
anhydride causes cyclization of I.

co
CH;—CO 7\
CH,CONHOH AN CH, NH
| NOH I i
CH,COOH / CH: 0
CH;—CO N/
co
I II 11

Structure III seems more plausible for the ring structure than IT because III
conforms to the pattern of the diacylated hydroxylamines or ‘‘dihydroxamic
acids”, RCONHOCOR. The product actually isolated by Errera was an acetate
of 11T for which he proposed structure IV . Another reasonable structure is V.
The same substance was formed also by reaction of acetic anhydride on succino-
hydroxamic acid.

1 Present address: Syracuse University, Syracuse, N. Y.
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Two years after the completion (1942) of the present work announcement was
made (8) of the syntheses of adipohydroxamic acid and sebacohydroxamic acid
by using the established general method involving reaction of the corresponding
esters with hydroxylamine in the presence of sodium methoxide. Rearrange-
ment to tetramethylene isocyanate and octamethylene isocyanate, respectively,
was accomplished by suspending the hydroxamic acids in xylene and treating
with phosgene or thionyl chloride.

The present work deals with the hydroxamic acids of malonic, succinie, adipic,
and sebacic acids. Crystalline sodium salts, usually containing solvent of crys-
tallization, of all these compounds were prepared by interaction of the appro-
priate ethyl ester with hydroxylamine and an alcoholic solution of sodium ethox-
ide. The malonic and succinic salts were extremely deliquescent.

Cupric salts were prepared by interaction of the sodium salts with aqueous
cupric acetate solutions. Cupric malonohydroxamate remained in colloidal
suspension but the succinohydroxamate and adipohydroxamate separated read-
ily. Treatment of the last two cupric salts with hydrogen sulfide represented one
method of conversion to the free hydroxamic acids. Succinohydroxamic acid
was a waxy solid, which is in contrast to the oil reported by Hantzsch and Ur-
bahn (5). An insoluble ammonium salt was obtained by adding ammonium
hydroxide to an aleoholic solution of the acid. It is characteristic of hydroxamic
acids (9) to form insoluble acid ammonium salts.

Sebacohydroxamic acid was sufficiently insoluble in water that precipitation of
it in good yields occurred when a solution of the sodium salt was acidified. To
obtain adipohydroxamic acid from aqueous solution the latter was evaporated to
dryness and the residue extracted with alcohol. To prepare malonohydroxamic
acid from the sodium salt an alcohol solution was used. Even with this pre-
caution it was found necessary to concentrate the solution at room temperature
to avoid decomposition. Lachrymatory vapors, including formaldehyde, were
formed if a boiling temperature was used. This is understandable if rearrange-
ment to methylene isocyanate occurred:

because it should hydrolyze readily to formaldehyde.

Simple benzoylation occurred when suspensions or solutions of the sodium
salts of malono-, adipo-, or sebaco-hydroxamic aecids were treated with benzoyl
chloride. The derivatives formed were malonobenzoylhydroxamic acid, CH,-
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(CONHOCOC:Hs); , adipobenzoylhydroxamic acid, and sebacobenzoylhydrox-
amic acid. To make the first of these three derivatives it was necessary to use
anhydrous conditions. If an aqueous solution of sodium malonohydroxamate
was taken, dibenzohydroxamic acid was formed instead, a process evidently in-
volving preliminary hydrolysis to hydroxylamine (10) and benzoylation of the
latter.

Sodium succinohydroxamate underwent cyclization into benzoylsuccinyl-
hydroxylamine (VI or VII) when treated with benzoyl chloride. The hydrox-
ylamine which was detached in this process reacted with benzoyl chloride to
form dibenzohydroxamic acid. No carbanilide was

CH, CHa
Z N\ 7\
CI)H2 ("7—OCOCGH5 CH, (IJO
cg /N CQ /N——-COCsHs
0 0
VI VI

found on heating this substance with sodium hydroxide solution, an observation
which may be explained from either VI or VII. If carbanilide had been found
the observati?n would have supported VII.

Malonobenzoylhydroxamic acid underwent cold alkaline hydrolysis into ben-
zoic acid and malonohydroxamic acid. Boiling of a solution of sodium malono-
benzoylhydroxamate caused the precipitation of carbanilide. Evidently so-
dium dibenzohydroxamate is detached to cause this rearrangement:

/C O—NNa,
CH:(CONNaCOC H;); —> CH, + PhCONNaOCOPh

AN
C0—0
2PhCONNaOCOPh + H,0 —— CONHPh); + CO; 4 2PhCOONa

It is reasonable to infer that malonylhydroxylamine was formed as shown in the
first equation but no direct evidence for it was obtainable.

Precipitation of a white, fluffy solid was noticed when an aqueous solution of
sodium adipobenzoylhydroxamate was boiled. The filtrate contained sodium
benzoate. The solid product was ash-free, high-melting (above 310°), insoluble
in water and in ordinary organic solvents, but moderately soluble in phenol. It
behaved like a polymeric amide. Hydrolysis of the product was difficult, but
concentrated hydrochloric acid at 150° gave rise to putrescine in an amount
equivalent to 939, of the nitrogen in the sample. A little benzoic acid was iso-
lated also.

The general appearance of the rearrangement product of sodium adipobenzoyl-
hydroxamate, its high fusion point, and resistance to hydrolysis all pointed to an
amide of high molecular weight. In view of the fact that the solid was hydrolyz-
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able to putrescine this suggests that rearrangement occurred at both ends of the
molecule. To visualize this, one may consider detachment of sodium benzoate
to form the hypothetical intermediate (VIII) which rearranges to tetramethylene
isocyanate (IX), partial hydrolysis of which should give rise to 4-aminobutyl
isocyanate (X). This should polymerize to a urea containing the recurring
unit (XI).

!

(leN ]TTC 0 ITTHz ITTH
(CHz)s {CH,)4 (CHy), (CHa)s
CON NCO NCO NHCO—
ViII X X X1

Such g urea, however, would contain 24.56%, nitrogen, in contrast to the 15.08
actually found. It is fruitless to speculate now concerning the composition of
this polymer but work is going forward towards its characterization. It is of
interest to note that Cupery (8) obtained an impure sample of IX by interaction
of phosgene with adipohydroxamic acid, suspended in xylene. An important
difference in our conditions was the presence of water which would react with IX.

Similar observations were found for the rearrangement of sodium sebaco-
benzoylhydroxamate. The insoluble precipitate, formed by boiling the aqueous
solution, possessed a nitrogen content of 12.49, as contrasted to 16.5%, for a
polymer containing the —NH(CH;)s§NHCO— nucleus. The product was in-
homogeneous, since hot alcohol was capable of extracting part of it. The ma-
terial broke down on drastic hydrolysis into 1,8-octanediamine and a small
amount of benzoic acid. Work on the characterization of the polymer is being
continued.

EXPERIMENTAL PART

Preparation of the sodium hydroxamates. The general method of preparation was to
mix one mole of ester, two or more moles of hydroxylamine, and two moles of sodium ethox-
ide with absolute aleohol as solvent. The hydroxylamine solution was prepared by adding
the calculated quantity of sodium ethoxide in absolute alcohol to an alcoholic solution (or
suspension) of hydroxylammonium chloride. Phenolphthalein indicator was used for the
end point. Sodium chloride was filtered off and the solution of hydroxylamine was poured
directly into the ester. Precipitation of the desired sodium salt began soon after the so-
dium ethoxide solution was added but the mixture was usually left several hours to ensure
complete reaction. Ethanol was favored as solvent over methanol because of the greater
solubility of the salt in methanol. If 959, aleohol was used with the malonate or succinate
only gummy or sirupy products resulted. These two salts were extremely deliquescent.
Details of some representative runs are presented in Table I. | Except for the adipic deriva-
tive, analysis revealed solvent of erystallization in all these salts.

Preparation of the hydrozamic acids. To prepare malonohydroxamie acid 17 g. of the
godium salt was added to an equivalent amount of hydrogen chloride in ethanol (50 ml. of
2.8 N). After two hours, during which the mixture was shaken occasionally, it was filtered
to remove sodium chloride, and evaporated at 20 mm. pressure and 25°. The crude residue
melted at 144-147°. Pure malonohydroxamic acid (4) is known to melt at 155°. Cupric
succinohydroxamate precipitated when aqueous solutions of cupric acetate and sodium
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succinohydroxamate were mixed. This was separated, washed with water and methanol,
suspended in methanol, and the latter was saturated with hydrogen sulfide. On filtration
and evaporation a syrupy residue was left, which changed to a low-melting waxy solid on
desiccation over sulfuric acid. When 0.2 g. of this succinohydroxamic acid was treated with
2ml. of conc’d ammonium hydroxide an ammonium salt separated which melted at 180-181°.

Adipohydroxamic acid was prepared in like manner from the cupric salt, but it was more
convenient to prepare it by acidification of an aqueous solution of the sodium salt with
two equivalents of glacial acetic acid or with the calculated quantity of dil. hydrochloric
acid. The mixture was evaporated to dryness at 100° and the residue extracted with hot
alcohol. Several crystallizations from alcohol were required to bring the m.p. to 165-
165.5°; yield, 75-85%,. Analytical values obtained on this compound were satisfactory for
adipohydroxamic acid monohydrate. That both nitrogens in this material were of hy-
droxamic acid character was demonstrated by the fact that it reacted only very slowly with

TABLE 1
SynTHESIS OF SopIUM HYDROXAMATES
ETHYL ESTER RYpRox w1 e SODIUM HYDROXAMATE
Sodium Anal. for Na
abs. | —— abs. Method =
Name g. 2 » | alc, « |alc,]| g of RSB
L8| ml}g | & |m drying ]  Found -
S S T R L Sjo)s
Malonate.......... 80 [0.50|1.0 (1000 | 25 |1.1 {500 | 78 | vacuo|19.6, 20.1 |25.8|20.5
Succinate.......... 79.5| .46/1.0 | 850 | 23 {1.0 |450 | 99 | vacuo|19.0 24.0[19.3
Adipate........... 88 | .43!1.2 {1050 | 20 |0.87{450 |123 | air
Adipate........... 93 46(1.8 11000s| 21 | .92/4508| 91 | vacuoi{20.4 20.9
Sebacate.......... 59 23(0.55 500 | 11 | .48(250 | 49.5| vacuo|15.5 16.6{14.3/15.6

e Methanol solvent. This was concentrated to 400 ml. before collecting sodium salt.
b Anhydrous salt.

¢ Salt + 1CH;OH of crystallization.

4 8alt + 1H;0 of crystallization.

a 29, potassium permanganate solution. If one of them had been a hydroxylammonium
salt (as —COQ,NH;0H) it would have reacted quickly (11).

Anal. Cale’d for CeH1oN,0,-H,0: N, 14.43. Found (Dumas): N, 14.04, 14.03.

Sebacohydroxamic acid monohydrate was prepared similarly in 7.9 g. yield (crude)
from 10 g. of the sodium salt in 90 ml. of water treated with 4 g. of glacial acetic acid. Two
recrystallizations from 95% alcohol yielded 4.4 g. (52%,) of the hydrate, m.p. 134-136°,
The m.p. of the anhydrous acid (8) is listed as 164°.

Anal. (by T. 8. Ma) Cale'd for CioHoN:04-H,0: N, 11.19. Found, (Dumas, micro):
N, 10.94.

Benzoyl derivatives. Benzoyl derivatives of malono- and succino-hydroxamic acids were
prepared by adding 2.5 molar parts of benzoyl chloride to a suspension of the sodium salt
in an 8-fold quantity of ether. After the initial exothermic reaction subsided, the mixture
was refluxed (4 hrs., malonic; 0.5 hr., succinic). The solid which separated was collected
on a filter, washed with water to remove sodium chloride, dried, and crystallized from
alcohol. Details of representative runs are listed in Table II.

Benzoylsuccinylhydroxylamine was also prepared in 98% yield by refluxing for two hours
a mixture of succinohydroxamic acid (4.2 g.), pyridine (5.9 g.), benzoyl chloride (6.7 g.),
and benzene (120 ml.). The pyridine hydrochloride was separated, the solvent removed,
and the residue was crystallized from ethanol; m.p. 134-135°.
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The adipic and sebacic derivatives were prepared by shaking benzoyl chloride with
aqueous solutions of the sodium salts for about fifteen minutes. The insoluble benzoyl
derivative was filtered off and crystallized from alcohol. See Table II for data on specific
runs,

Sodium salts of the malonic, adipie, and suberic benzoyl derivatives were prepared by
suspending about 1-2 g. of the acid in question in 25~-50 ml. of absolute alcohol and adding 2
molar parts of sodium ethoxide in 25~30 ml. of absolute alcohol. This caused the benzoyl
derivative to dissolve, but 75-98%, separations of the sodium salts appeared after a day at
0°.

Analyses of benzoyl derivatives. Malonobenzoylhydrozamic acid. Cale’d for Ci7H1N:Os:
N, 8.18; mol. wt., 342; neutr. equiv. 171. Found: N, 7.80 by Dr. T. 8. Ma; mol. wt. (cryo-
scopic in dioxane), 336; neutr. equiv., 169.6, by titration to phenolphthalein end point. The
cryoscopic constant of dioxane was found to be 4.62 using dibenzohydroxamic acid as solute.
Sodium salt. Cale’d for Ci;HioNyNasQs: Na, 11.9. Found: Na, 114,

Benzoylsuccinylhydrozylamine. Cale’d for CuHNO,: N, 6.40; mol. wt., 219. Found:
N, 6.39, 6.27; mol. wt. (dioxane, solvent), 226.

Adipobenzoylhydrozamic acid. Cale’d for CyoH2N:Os: N, 7.29; neutr. equiv., 192.
Found: N, 7.04, 7.44; neutr. equiv., 192.2 (ave. of five determinations). Sodium sult.
Cale’d for CyoH1sN2NayOs: Na, 10.75. I ound: Na, 10.41.

TABLE 1II
BENzZOYL DERIVATIVES
SODIUM SALT BENZOYL CELORIDE BENZOYL DERIVATIVE

Name g. g. g %% m.p., °C
M) 50 58 47 66 177-179
(Sue.) 10 16 8 88 135-136
(A) 4.5 5.7 4.2 70 187
(Seb) 13.8 16.8 13.7 66 162-163

M, malonohydroxamate A, adipohydroxamate

Suec., succinohydroxamate Seb., sebacohydroxamate

Sebacobenzoylhydrozamic actd. Cale’d for Ca H2N:Qs: N, 6.36; neutr. equiv. 220. Found:
N, 6.20; neutr. equiv., 226. Sodium salt. Cale’d for CpH2sN3Na,O4: Na, 9.49. Found:
Na, 9.29.

Rearrangement of benzoyl derivatives. Sodium malonobenzoylhydrozamate. The salt
was made by dissolving 0.05 mole of the acid (17.1 g.) with 0.10 mole of sodium hydroxide
golution in 202 ml. of water. This clear golution was heated to boiling till the precipitate
of sym-diphenylurea which appeared had coagulated. When cool it was filtered off. The
yield was 1.28 g. or 24%; m.p. 237-238°,

When an excess of alkali was taken (0.01 mole of the acid, 0.04 mole sodium hydroxide in
73 ml. of water) and the solution kept for ten hours at room temperature there was hy-
drolysis of the benzoyl groups and not rearrangement. Acidification with acetic acid (0.05
mole) caused the separation of 1.3 g. (0.01 mole) of benzoic acid. One gram of sodium ace-
tate was added to the filtrate, the solution was then concentrated at 100° and, when cool,
3 ml. of strong ammonium hydroxide was added. The ammonium hydrogen malonohy-
droxamate which separated was crystallized from a mixture of ethyl acetate and ethanol;
m.p. and mixed m.p. 142-143°. The value reported by Lossen (1b) was 141°. Our salt de-
pressed the m.p. of the ammonium salt of dibenzohydroxamic acid from 146-147° to 128-
135°.

Sodium adipobenzoylhydrozamate. The sodium salt from 18.1 g. of adipobenzoylhy-
droxamic acid was dissolved in 190 ml. of water. Boiling the solution rapidly caused pre-
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cipitation of 4.65 g. (dry weight) of white solid. Concentration of the filtrate gave rise to
13.6 g. of impure sodium benzoate.

The white solid was high-melting (above 310°) but melted on platinum foil. It was in-
soluble in alcohol, acetone, dioxane, camphor, 59, hydrochloric acid, and 5% sodium hy-
droxide solution. It was partially soluble in boiling acetic acid, and was moderately sol-
uble in phenol. Kjeldahl analysis revealed 15.08% nitrogen.

Two grams of the substance and 25 ml. of eonc’d hydrochloric acid was heated in a sealed
tube at 150° for nineteen hours. Much gas escaped when the cooled tube was opened and
0.05 g. of benzoic acid (m.p. 121-122°) was suspended in the solution. Evaporation of the
filtrate yielded 2.32 g. of crude putrescine hydrochloride. This was dissolved in water,
made alkaline, and benzoyl chloride was added. Recrystallization of the precipitate from
a 3:1 mixture of ethyl acetate and ethanol yielded 2.94 g. of benzoylputrescine, m.p. 176~
177°, the N-content of which is 0.279 g. Based on the N-analysis, the 2.00 g. of substance
taken contained 0.300 g. of nitrogen. Hence, 93% of the nitrogen present in the sample
appeared as putrescine.

Sodium sebacobenzoylhydrozamate. The sodium salt from 5.0 g. of sebacobenzoylhy-
droxamic acid, dissolved in 45 ml. of water, produced 2.90 g. (dry) of precipitate on boiling
the solution. Its melting range was 165-220°. No ash was left on ignition. This material
was a light, white powder, insoluble in dilute acids or alkalies. It was partially soluble in
cone’d hydrochloric acid or hot alcohol, and it dissolved in phenol. Analysis (by T. 8.
Maz) by the Dumas method showed 12.44%, N.

Hydrolysis of 2.12 g. of the product by 25 ml. of conc’d hydrochloric acid heated to 150°
for twenty-one hours gave rise to 0.24 g. of benzoic acid and 2.10 g. of what was presumably
impure 1,8-octanediammonium chloride. Sodium hydroxide solution liberated an oil
which was acetylated by acetic anhydride to an acetyl derivative melting at 127-128° after
crystallization from water. Naegeli and Landorff (12) mention the m.p. of this acetyl
derivative as 121-122°. They precipitated their compound from alcohol by addition of
ether. We also obtained a benzoyl derivative, using benzoyl chloride and aqueous sodium
hydroxide, and purified it by crystallization from ethanol. This substance melted if dipped
in a bath at 155° but it solidified an instant later to remelt at 171°. Muller and Kindlmann
(13) report 173° as the m.p. of the benzoyl derivative of 1,8-octanediamine.

SUMMARY

Consideration is given to the preparation and properties of hydroxamic acids
related to malonic, suceinic, adipic, and sebacic acids. Benzoylation of succino-
hydroxamic acid yields the cyclic compound benzoylsuccinylhydroxylamine,
whereas benzoylation of the other three hydroxamic acids gives rise to open-
chain benzoyl derivatives of the general structure: CsH;COONH—CO—(CH,),-
—CO—NHOCOCH; . The study included rearrangement of the sodium salts
of these derivatives by boiling their aqueous solutions. The malonic derivative
gave rise to sym-diphenylurea. The adipic and sebacic derivatives changed into
substances with the properties of high polymeric amides capable of hydrolysis
into putrescine and 1,8-octanediamine, respectively.

EvanstoN, ILL.
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In the search for antimalarial drugs, the group at the National Institute of
Health has investigated as well as ethanolamines, the amino alcohols of type III
with the propanolamine side chain. At the suggestion of Dr. Lyndon F. Small,
we undertook the preparation of the propanolamines in which the naphthalene
nucleus was substituted with a methoxyl group or a halogen atom just as we did
in the case of the ethanolamines (1).

COCH; COCH,CH;NR, CH(OH)CH,CH,NR,
HCHO [H] /\
————————) —_—
R.NH-HCI
i |
Y Y
I I m

The most direct approach to compounds of the type III is, of course, through
the Mannich ketones II. This is the method used at the National Institute of
Health, and the one we used for the preparation of several propanolamines. Our
preparations in this connection and some observations on the Mannich reaction
are reported in this paper. In certain cases, sometimes for interesting reasons,
the preparation by way of the Mannich ketones proved impossible, and a number
of propanolamines were prepared by other methods discussed in the following
article (2).

In the course of our work we prepared Mannich ketones IT from 4-methoxy-
and 4-chloro-1-acetonaphthone and several dialkylamines (Table I). In these
preparations nitromethane possessed advantages over several more conventional
(8) solvents and is recommmended for trial in other cases.

In attempting to prepare an amino ketone from 4-methoxy-l-isobutyro-
naphthone IV in order to arrive eventually at a branched chain amino aleohol V,

1 This work was done under a contract, recommended by the Committee on Medical Re-
search, between the Office of Scientific Research and Development and the University of
California, Los Angeles. The survey number, designated SN, identifies a drug in the rec-
ords of the Survey of Antimalarial Drugs. The antimalarial activity of those compounds
to which such numbers have been assigned will be tabulated in a forthecoming monograph.

215
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?OCH(CHa)Z CH(OH)C(CH;):CH,NR,
OCH; OCH;
Iv v

we came across an interesting structural limitation of the Mannich reaction.
The isobutyronaphthone was recovered unchanged even when conditions were
very vigorous. Similarly, isobutyrophenone survived the conditions of the

TABLE 1
Avino KetoneEs YC,iHsCOCH.CH;NR;- HCL rFrROM SUBSTITUTED 1-ACETONAPETHONES

ANALYSIS
Y R YIELD, % up, °C Cale’d Found
% C % H % C % H
4-OCH; CH; 44 172.7-173.7 65.41 6.86 65.79 6.96
4-0OCH, C.Hs 63 105.3-106.3¢+ 63.61 7.71 63.43 7.62
152.3-152.8% 67.17 7.52 66.83 7.59
4-0CH, n-CHg 69 137.5-139.0 69.91 8.54 69.87 8.59
4-0CH; n-CyHn 74 126.0-126.5 71.00 8.04 71.10 8.89
4-Cl CH; 64 155-156.5 60.41 5.75 60.28 5.74
4-Cl C.H; 70 128-129 62.58 6.49 62.31 6.49
4-Cl1 n-CHy 60 131-132 65.96 7.64 65.70 7.75
o Monohydrate.
b Anhydrous.

Mannich reaction. Methy! aryl ketones undergo the Mannich reaction smoothly
as demonstrated by this and considerable earlier work (3). A substance such as
4-methoxypropiophenone with one more carbon atom in the side chain under-
goes the Mannich reaction smoothly, although there is evidence that the reaction
is a little slower than for 4-methoxyacetophenone (4). However, there is ap-
parently a much more marked effect of the second methyl group when one goes to
the branched chain aryl ketones,

The branched chain isobutyraldehyde is known to undergo the Mannich reac-
tion smoothly (2, 5) and we thought it worth while to try diisopropyl ketone in
this reaction. As expected, this carbonyl compound seemed to fall in a position
intermediate between isobutyraldehyde and the branched chain aryl ketones.
Judging by the equivalent weight and nitrogen analysis, the product contained
an 89, yield of the Mannich ketone VI and a 129, yield of the di-dialkylamino-
methane VII from the formaldehyde and dibutylamine. The mixed product
yielded formaldehyde dinitrophenylhydrazone from an acidic medium.

(CH,):CHCOC(CHj):CH.N (CiHs)z (CHs):NCH,N (CHs)2
VI ViI
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A satisfactory explanation of the behavior of the branched chain aryl ketones
in attempts to carry out the Mannich reaction must await further evidence on
the mechanism of the reaction. This evidence we hope to produce when time
permits. However, it is interesting to notice the behavior of isobutyrophenone
in other reactions involving the alpha hydrogen atom. For example, this ketone
is halogenated satisfactorily, the rate of acid-catalyzed halogenation being slower
than the one for acetophenone by a factor of approximately fifty in the case of
iodination in aqueous perchloric acid solution (6) and approximately ten in the
case of bromination in an acetic acid solution of hydrochloric acid (7). On the
other hand, isobutyrophenone appears not to condense with ethyl phthalate with
sodium ethoxide as a catalyst (8). Most interesting in connection with our work
is the observation that isobutyrophenone reacts with formaldehyde by a complex
process which must, however, involve condensation with the formaldehyde (9).

The amino alcohols (Table II) which we prepared as possible antimalarials
were derived by reduction of the Mannich ketones II. Catalytic hydrogenation

TABLE 1I
Amino Arcomors YC,Hs; CHOHCH,CH;NR,-HCL
ANALYSIS
SN Y R M.p., °C vIELD, % Cale’d Found
%C %H| %C %H
8991 4-0CH, n-CH,y 125.8-127.8 52 69.54 9.02 | 69.61 9.27
10200 4-OCH, n-CsHy 117.7-118.7 53 70.65 9.39 | 70.31 9.49
8744 4-Cl1 C.Hg 112-114 8 58.96 7.28 | 59.06 7.51

s Monohydrate.

of the 4-methoxyamino ketone hydrochlorides using Adams’ catalyst gave rise to
fair yields of the products together with some of the hydrogenolysis product,
4-methoxy-1-propionaphthone VIII. When Raney nickel or palladium cata-
lysts were used only hydrogenolysis oceurred. When the free amino ketone was
subjected to hydrogenation, only hydrogenolysis occurred in line with the greater
tendency toward this cleavage displayed by free 8-amino ketones over the corres-
ponding salts (10). It is of some interest in connection with the mechanism of
the hydrogenolysis that the free Mannich base IX from isobutyraldehyde and
dipropylamine, which we describe in another article (2), is hydrogenated with
Adams’ catalyst in quantitative yield to the neopentyl aleohol X.

COCH.CH;

(n-CsH;): NCH;C(CH;): CHO (n-C3H;):NCH.C(CH,;); CH.OH

|
OCH,
VIII IX X
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Catalytic hydrogenation of the 4-chlorodibutylamino ketone hydrochloride
with Adams’ catalyst gave a large proportion of cleavage of the nuclear halogen
and was therefore unsuccessful. Although the nuclear halogen-substituted
amino alcohols were best prepared by another method reported elsewhere (2), we
did prepare one of them in poor yield by aluminum isopropoxide reduction of the
Mannich ketone. We found as Fry (11) did in similar cases that somewhat better
yields were obtained with the hydriodide. The aluminum isopropoxide reduction
did not succeed with the 4-methoxydibutylamino ketone II (Y = OCHj; R =
n-CyH,). Neither did the use of sodium amalgam in acid solution or isobutyl-
magnesium bromide give anything but uncharacterized oils.

Reduction of a 4-methoxyamino ketone II (Y = OCH; ; R = #n-C,H, ) with
activated aluminum gave rise to two diastereomeric glycols XI (SN-9860). This
behavior is common with arylamino ketones (4, 12).

CH;0C; H¢C(OH)CH; CH:N(C.Hjy),

CHs OCmHeC(OH)CHz CHzN(C4H9)2
XI

EXPERIMENTAL

All melting points are corrected. Analyses were by Jack W. Ralls and Bruce Day.

Mannich reactions with 1-acetonaphthones. The best procedure used nitromethane as a
solvent and is illustrated in detail for the preparation of 4-methoxy-1-(8-diethylamino-
propio)naphthone.

In a 250-ml., three-necked flask equipped with a thermometer, a Hershberg stirrer (13)
and a reflux condenser attached through a gravity type water separator, were placed 20.0
g. (0.10 mole) of 1-aceto-4-methoxynaphthone (1), 11.0 g. (0.10 mole) of diethylammonium
chloride, 4.5 g. (0.15 mole) of paraformaldehyde, 0.23 ml. of conc’d hydrochloric acid, 35
ml. of nitromethane, 5 ml. of absolute alcohol, and 10 ml. of toluene. The mixture was
stirred and refluxed for one-half hour during which the inside temperature rose from 92°
t0 93° and 2.1 ml. of water was collected in the separator. The mixture was poured into a
flagk, allowed to cool, and diluted to about 300 ml. with anhydrous ether. The solution was
stored overnight in the refrigerator. The crystallized product was filtered, washed on the
filter several times with water and dried over phosphorus pentoxide. Further dilution of
the mother liquors with ether brought the total yield of material to 21.4 g. (63%). One
recrystallization from a mixture of acetone and absolute aleohol yielded 19.1 g. (56%) of
material, m.p. 105.3-106.3°, which proved to be a monohydrate. Storage in vacuo over phos-
phorus pentoxide for a week converted the hydrate to a white hygroscopic powder, m.p.
152.3-152.8°, which had the composition of the anhydrous amino ketone hydrochloride.

A procedure similar to the above was also used with the dibutyl and the diamyl analogs
from 4-methoxy-1-acetonaphthone. The crude yields were 69 and 749, respectively, the
vields of pure material, 62 and 60%.

The Mannich reaction involving 4-methoxy-l-acetonaphthone and diethylammonium
chloride was also carried out in nitrobenzene-benzene as a solvent, as suggested to us by
Dr. E. M. Fry (11, 14). The proportions of materials were the same as those above except
that the solvent contained 2 ml. of absolute alcohol, 24 ml. of nitrobenzene, and 24 ml. of
benzene. After the proper reflux period, the reaction mixture was worked up in 8 manner
which differed in some details from the procedure outlined above. The yields varied
markedly with the length of the reflux period, a one-hour period giving a crude yield of 55%,
a two-hour period 479, and a three-hour period 299,. These results parallel those of Fry
(14) in similar cases.
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For the Mannich reaction with 4-methoxy-1-acetonaphthone and dimethylammonium
chloride, isoamyl alecohol was used for the solvent. The materials employed consisted of
0.05 ml. cone’d hydrochloric acid, 2.78 g. (0.034 mole) of dimethylammonium chloride, 1.02
g. (0.034 mole) of paraformaldehyde, 6.8 . (0.034 mole) of 4-methoxy-1-acetonaphthone,
and 16 ml. of absolute isoamyl alecohol. A 5.5-hour reflux period was allowed. The reaction
mixture was cooled in the refrigerator and the product filtered and washed with cold iso-
amyl aleohol. Dilution of the mother liquors with cold ether gave enough additional prod-
uct to bring the total crude yield to 44%. Purification was effected by conversion to free
base, reprecipitation of the hydrochloride from anhydrous ether by the addition of ethereal
hydrogen chloride, and recrystallization of the hydrochloride from alcohol-ether. A
similar procedure was used for the Mannich reaction with 4-chloro-1-acetonaphthone and
dimethylammonium chloride. A two-hour reflux period was allowed and the product was
purified by crystallization from ethanol. The yield was 64%.

The Mannich ketones from 4-chloro-1-acetonaphthone and diethyl- and di-n-butyl-
ammonium chloride were prepared in nitromethane as described above. The di-n-butyl-
amino ketone was purified by washing with water and recrystallizing from ethyl acetate,
yield 60%. With the diethyl analog it was necessary to convert to the free base and steam
distill at water-pump pressure to remove diethylamine. The base was then reconverted
to the hydrochloride. Further purification was unnecessary; yield 70%.

1-Isobutyro-4-methozynaphthone. This material was prepared similarly to 4-methoxy-
1-acetonaphthone (1) from isobutyryl chloride, a-methoxynaphthalene and aluminum
chloride in carbon disulfide. There was obtained after two recrystallizations from ligroin,
b.p. 60-70°, 2 72%, yield of pale yellow prisms, m.p. 96-98° (m.p. after three more crystalliza-
tions 97.0-97.5°).

Anal. Cale’d for CisHisO,: C, 78.92; H, 7.06.

Found: C, 78.95; H, 6.90.

A sample of this material was oxidized with potassium ferricyanide (15) at 65° for 95
hours. The product was recrystallized from alcohol to yield 409 of the theoretical amount
of 4-methoxy-1-naphthoic acid, m.p. 237-239° (uncorr.). No depression was observed on
admixture with material prepared in this laboratory (16) by carbonation of the Grignard
reagent from 4-methoxy-1-bromonaphthalene.

Attempted Mannich reactions with 1-isobutyro-4-methozynaphthone and isobutyrophenone.
Di-n-butylammonium chloride was used in these attempts. The reaction was tried in
nitromethane in a manner similar to that used with l-aceto-4-methoxynaphthone. With
the 1-isobutyro-4-methoxynaphthone, after a one-hour reflux period, the cooled solution
was diluted with anhydrous ether and stored in the ice chest. Only di-n-butylammonium
chloride was obtained. This was filtered and from the filtrate, after suitable purification,
there was isolated 769 of unreacted ketone.

Other attempts gave a 929 recovery of naphthone after a 12-hour reaction period in
nitromethane, an 889, recovery after a 2.5-hour reflux period in 1-nitropropane, and a 91%
recovery after a 3.5-hour reflux period in isoamyl alcohol.

With isobutyrophenone (17) after a 1.25-hour reflux period, there were obtained an 84%
recovery of dibutylammonium chloride and a 78%, recovery of isobutyrophenone, m.p.
and mixed m.p. of 2,4-dinitrophenylhydrazone 163-164° (7). Hold-up and still bottoms in
the distillation of isobutyrophenone added an estimated 13%, to the recovery.

The Mannich reaction with ditsopropyl ketone. Di-n-butylammonium chloride was used
in this reaction and the procedure was similar to that of Mannich (5). The diisopropyl
ketone was kindly supplied by Dr. J. D. Roberts of this laboratory. After a 3.25-hour
refluxing period, the cooled reaction mixture was poured into water and the organic layer
separated. The aqueous layer was made alkaline and extracted with ether. The solvent
was evaporated after drying and the residue was distilled ¢n vacuo. Several cuts were taken
but no pure material was obtained and the largest fraction was redistilled. The two main
fractions still possessed a wide boiling range and they were combined and redistilled. At
3 mm. the main fraction, 5.2 g. (20%), had the following properties: b.p. 112-114° (3 mm.),
n® 1.4437,
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Anal. Cale’d for CieHysNO: C, 75.23; H, 13.02; N, 5.48.
Cale’d for Ci;H3sN,: C, 75.48; H, 14.16; N, 10.36.
Found: C, 75.24; H, 13.71; N, 8.59.

The equivalent weight of this fraction was obtained by titration with acid to the methyl
red end-point.

Equiv. Wt. Cale’d for CisHyNO: 255.

Calc’d for CyyH;sN,: 135.
Found: 166, 168, 169.

When the 2,4-dinitrophenylhydrazone of this fraction was prepared in aleohol containing
hydrochloric acid, the only product obtained was formaldehyde 2,4-dinitrophenylhydra-
zone, m.p. and mixed m.p. 164.8-165.3°. This fraction gave a silver mirror when warmed
with ammoniacal silver nitrate.

The ready production of formaldehyde in acid solution from compounds of the type VII
is well known (18). As a control, we treated the Mannich base from isobutyraldehyde and
diamylamine (2) in acid solution with dinitrophenylhydrazine. No hydrazone was pre-
cipitated.

Hydrogenation of amino ketones over Adams’ catalyst. The reactions were carried out at
atmospheric pressure and were interrupted at about 1009, absorption. In the case of the
4.methoxydibutylamino ketone hydrochloride, the reaction mixture was filtered and the
solution was concentrated under reduced pressure. The resulting syrup was triturated
with dry ether and the solid collected on a filter, washed with ether, and dried. The com-
bined filtrate and washings on evaporation gave a green oil which, on crystallization from
methanol, yielded 229, of 4-methoxy-l-propionaphthone, m.p. 56-57° [literature: 57°,
58° (19) ], m.p. of oxime 172-174° [literature: 172° (19¢)].

Anal. Cale’d for G HisNO,: C, 73.34; H, 6.59.

Found: C, 73.33; H, 6.60.

The crude solid from above was washed on the funnel with water. From the water
washings there was obtained 20%, of di-n-butylammonium chloride identified through the
phenylthiourea derivative. The erude amino aleohol hydrochloride (52%), m.p. 124-126°,
on the funnel was recrystallized from ethyl acetate-alcohol-ether, to yield 46% of pure
product, m.p. 126-128°.

From the reduction of the 4-methoxydiamylamino ketone hydrochloride, there was
obtained the amino aleohol hydrochloride, m.p. 114.6-115.6° in a yield of 69% of crude and
53% of pure material. .

When the 4-methoxydibutyl- and diamyl-amino ketones, as the free bases, were hydro-
genated over Adams’ catalyst, the only products isolated were dialkylamine and 4-methoxy-
1-propionaphthone.

When the 4-chloro-di-n-butylamino ketone was hydrogenated and the catalyst removed
by filtration, gravimetric determination of chloride on an aliquot portion indicated 719
hydrogenolysis of the ring chlorine. No pure product could be isolated.

The hydrogenation of 14.0 g. (0.0756 mole) of «,a-dimethyl-8-di-n-propylaminopropion-
aldehyde, prepared as described elsewhere (2) was carried out in ethyl alcohol. After
removal of solvent, the residue was distilled at 20 mm. through a 4-inch Vigreux column.
The following cuts were taken: (a) 0.4 g., b.p. 114-118°, n3 1.4434; (b) 5.7 g., b.p. 118.0-
119.5°, nh 1.4449; (c) 6.8 g., b.p. 119.5-119.5°, n5 1.4449; (d) still bottoms and hold-up,
wt. 0.6 g. Fractions (b) and (c) make a combined yield of 88%,.

Anal. Cale’d for CuH,NO: C, 70.53; H, 13.45.

Found: C, 70.60; H, 13.56.

Hydrogenation of amino ketones over Raney nickel. These experiments were performed
with 4-methoxy-1-(8-dibutylaminopropio)naphthone. The hydrogenations were carried
out in a Parr hydrogenator at 3 to 4 atmospheres. When the hydrochloride of the amino
ketone was used, there was obtained 979, of di-n-butylammonium chloride and 97% of
4-methoxy-1-propionaphthone. When the hydrogenation was performed on the free base,
there was obtained 789, of di-n-butylammonium chloride and 97%, of 4-methoxy-1-propio-
naphthone.
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Hydrogenation of amino ketone over palladium-charcoal. Hydrogenation of the 4-meth-
oxy-di-n-butylamino ketone hydrochloride at atmospheric pressure with 109, palladium-
charcoal catalyst wasincomplete even after 6.5 days. There were isolated 669 of unreacted
starting material, 139 of di-n-butylammonium chloride, and 17%, of 4-methoxy-1-pro-
pionaphthone.

Reduction with aeluminum amalgam. The 4-methoxy-di-n-butylamino ketone was re-
duced in the usual way (12) in moist ether. After 27 hours the ether layer was separated
and the solids extracted with ether for 15 hours. The combined ether solutions were dried,
concentrated, and cooled. There was obtained 149, of a white crystalline product 4, m.p.
171.1-172.5°. Evaporation of the ether left an oil which yielded 849, of a hydrochloride B,
m.p. 231.4-232.4°,

Anal. A Cale’d for CuHauNO4: C, 7715, H, 0.42,

Found: C, 76.99; H, 9.37.
B Cale’d for CyuHeeClN:0s: C, 6972; H, 8.78.
Found: C, 69.66; H, 8.81.

The molecular weight of 4 by the micro-Rast method (20) was 695, 575, 648, theoretical
fOI’ C44H54N204 being 685

Addition of ethereal hydrogen chloride to a benzene solution of A yielded the dihydro-
chloride, m.p., after crystallization from alcohol-ether, 231.9-232.4°, mixed m.p. with B
227.5-228.0°.

Reductions with sodium amalgam. These were carried out with the 4-methoxydiethyl-
and di-n-butylamino ketone hydrochlorides according to the method of Cromwell (21).
The mixtures were worked up in the usual way but only oils were obtained.

Reduction with isobutylmagnesium bromide. The 4-methoxy-di-n-butylamino ketone as
an ether solution was added to the isobutyl Grignard reagent. About 34% of what ap-
peared to be isobutane was collected in a dry ice trap. From a concentrated sulfuric acid
trap there was obtained a small amount of hydrocarbon.

The Grignard reaction mixture was treated in the usual way to yield a basic product.
However, neither this basic material nor its hydrochloride could be crystallized.

Reductions with aluminum isopropozide. The reduction of the 4-chlorodiethylamino
ketone hydriodide is typical. It was carried out under nitrogen in an all-glass apparatus
(1). After an hour 959 of the theoretical amount of acetone was obtained. The mixture
was poured on an excess of iced sodium hydroxide solution and steam distilled at reduced
pressure until there was no longer a detectable odor of diethylamine. The residual oil
was converted to the hydrochloride, m.p. 109-111° after recrystallization from acetone-
ether and 112-114° after further recrystallization from ethyl acetate; yield 5%.

Another reduction was carried out with the diethylamino ketone hydriodide at 250 mm.
pressure. After eight hours, 729 of the theoretical amount of acetone was obtained. The
mixture was worked up as before and the yield of amino alcohol, m.p. 110-111°, was 87%,.

Several other similar experiments were carried out. Four reductions of the diethylamino
ketone hydrochloride were run at atmospheric pressure. The yield in each case was 09,
except one in which a 2%, yield of amino alcohol was obtained. When the reduction was
repeated but at 250 mm. pressure, the yield of erude amino alcohol was 5%. Where the
reduction was run with the free base, no amino alcohol was obtained.

When the 4-methoxydiethylamino ketone hydrochloride was reduced, 569 of the theo-
retical amount of acetone was obtained in 13 hours. The reaction mixture was treated in
the usual way but the basic fraction, isolated as a black oily hydrochloride, gave no crystal-
line material. A neutral, amorphous apparently polymeric material, which accounted for
about 87%, of the starting amino ketone, was also isolated.

SUMMARY

A number of Mannich bases have been prepared from 4-methoxy- and 4-
chloro-1-acetonaphthone. These Mannich bases have been reduced to o-(2-
dialkylaminoethyl)-4-chloro- and -4-methoxy-1-naphthalenemethanols.
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An interesting structural limitation of the Mannich reaction is the failure of the
branched chain ketones 4-methoxy-1-isobutyronaphthone and isobutyrophenone
to give a Mannich base even under vigorous conditions. Diisopropyl ketone
seems to represent a borderline case.

Los AncrrEs, CALIF.
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SUBSTITUTED «-DIALKYLAMINOALKYL-1-NAPHTHALENE-
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THOMAS L. JACOBS, 8. WINSTEIN, GUSTAVE B. LINDEN, axpo DEXTER
SEYMOUR
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In the synthesis of g-dialkylaminocethyl-1-naphthalenemethanols, I,
?H(OH)CXZ CH,;NR,

Y
I

the failure of the method involving preparation and reduction of the Mannich
ketones (1) in those cases where Y = Cl, X = Hor Y = CH;O, X = CH; led to
the investigation of other methods.

The synthesis of compounds representative of this second case (Y = CH,0,
X = CH,) was accomplished successfully by treatment of «,a-dimethyl-3-
dialkylaminopropionaldehyde with 4-methoxy-1-naphthylmagnesium bromide:

I\I/IgBr (])H( OH)C(CH.;). CH;NR:
(\ + R:NCH.C(CH;);CHO — CO
\
OCH; OCH;

The a,a-dimethyl-g-dialkylaminopropionaldehydes were readily prepared accord-
ing to the method of Mannich, Lesser, and Silten (2). The preparation of several
of these compounds has been recorded in the literature: methylamino (3),
dimethylamino (2), diethylamino {2), piperidino (2), and morpholino (4). We
have extended the series to include those amino aldehydes containing the di-n-
propyl, di-n-butyl, and di-n-amyl groupings. The properties of these compounds
are summarized in Table I.

The Grignard reagent prepared from 1-bromo-4-methoxynaphthalene (5) re-

1 This work was done under a contract, recommended by the Committee on Medical Re-
search, between the Office of Scientific Research and Development and the University of
California, Los Angeles. The survey number, designated SN, identifies a drug in the rec-
ords of the Survey of Antimalarial Drugs. The antimalarial activity of those compounds
to which such numbers have been assigned will be tabulated in a forthcoming monograph.

223



224 JACOBS, WINSTEIN, LINDEN, SEYMOUR

TABLE I
PROPERTIES OF @,a-DIMETHYL-3-DIALKYLAMINOPROPIONALDEHYDES
ANALYSIS
f?IZ YIELD, % B.p., °C %0 Cale’d Found
% C %H %C | %H
C;H; 70 103-107/20 mm. | 1.4363 71.30 12.51 71.23 12.38
C.H, 57 120-125/15 mm. | 1.4415 73.18 12.76 73.10 12.72
CsHn 49 138-146/10 mm. | 1.4440 74.62 12.94 74.71 13.12
TABLE 11
PROPERTIES OF a-(2-DIALKYLAMINO-{ert.-BUTYL)-4-METBOXY-1-NAPHTHALENEMETHANOLS
ANALYSIS
SN R YIELD, % aynxolgﬁl;:oggm, °oC Cale’d Found
% C % H % C % H
8768 C.Hj; 724 («) 107.5-109.0% | 68.26 8.59 68.11 8.71
(8) 170.0-170.4
8364 C:H, 51 182.0-182.5 69.54 9.02 69.02 8.98
7993 C.H, 529 166.0-167.0 70.64 9.39 70.68 9.13
8989 C:Hyy 45¢ 78.14 10.34 77.83 10.55

s This figure represents the yield of crude produet.
® Two dimorphiec forms were obtained in this case. Mixed melting point was 169-171°.

¢ This figure represents the yield of distilled product. The hydrochloride could not be
obtained solid.

acted smoothly with these aldehydes and four amino alcohols were prepared.?
Table II lists the properties of these compounds.

The method of Fourneau (7, 8) was used to prepare the compounds where
Y = CH;0 or Cl, X = H. This method is represented by the following equations:

CHZ—CHCHO + HCl — CICH,CH,CHO

CH(OH)CH,CH,Cl

CICH,CH,CHO + CO SN 05 _RNH
(‘JH(OH)CHzCHzNRz
Y

2 Bvidently the only other study of the reaction of a Grignard reagent with g-amino
aldehydes is that of Matti and Barman (6) who treated «,a-dimethyl-g8-dimethyl- and
-diethyl-aminopropionaldehydes with ethyl, butyl, and phenyl Grignard reagents.
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The synthesis of 8-chloropropionaldehyde from acrolein and hydrogen chloride
has been deseribed several times (7, 8, 9). This compound is relatively unstable
and readily polymerizes to a trimer (10) or decomposes into acrolein and hydro-
gen chloride. It has usually been prepared by saturation of acrolein with hydro-
gen chloride cold, followed by distillation of the monomer, sometimes at reduced
pressure. The distillate was then used directly in the Grignard reaction. The
rapid polymerization of the monomer to trimer was troublesome, since the latter
did not react smoothly with Grignard reagents. This trimerization was pre-
vented by distillation of the monomer at reduced pressure into ether or toluene
immersed in a dry ice-alcohol bath. This solution was not allowed to warm up
until ready for use in the next step.

TABLE III

PROPERTIES OF - (2-DIALRYLAMINOETHYL)-4-CHLORO OR METHOXY-1-
NAPHTHALENEMETHANOL HYDROCHLORIDES, 1

ANALYSIS
SN Y R YIELD, %° u.p.,°C Cale’d Found
% C % H % C % H
8744 Cl C.Hs ® 33 112.0-113.0 58.96 7.28 | 58.67 7.36
8738 Cl CiH, 30 147.5-149.0 65.61 8.13 | 65.63 8.14
8991 CH,O | CH? 7 121.3-122.8 69.54 9.02 |69.65 9.22

s This compound was isolated as a monohydrate. A crystalline anhydrous form could
not be obtained.

b These compounds were shown to be identical, by analysis and mixed m.p., with those
prepared by reduction of the corresponding Mannich ketones (1).

¢ This figure represents the yield of pure material.

The Crignard reagents used in this synthesis were 4-methoxy-1-naphthyl-
magnesium bromide and 4-chloro-1-naphthylmagnesium iodide. The 1-chloro-
4-iodonaphthalene required for the latter was conveniently prepared through the
chlorination of a-acetamidonaphthalene based on the method of Reverdin and
Crepieux (11), with subsequent replacement of the amino group with iodine.

Theintermediate chlorohydrins were not isolated in a purestate but were treated
directly with the desired dialkylamine. The amino alcohols so produced were
isolated and purified as hydrochlorides. Table III lists the properties of these
compounds.

EXPERIMENTAL

All melting points are corrected. Analyses were performed by Mr. Jack Ralls and Mr.
Bruce Day.

a, a-Dimethyl-8-(di-n-alkylamino) propionaldehydes. These compounds were prepared
according to the method of Mannich, Lesser, and Silten (2) for «,a-dimethyl-g-diethyl-
aminopropionaldehyde.

An attempt was made to prepare the 2,4-dinitrophenylhydrazone of the di-n-amyl com-
pound by treating 1 ml. of the aldehyde in 50 ml. of 95% ethyl alcohol with 0.7 g. of 2,4-
dinitrophenylhydrazine, heating to boiling, adding 3 ml. of concentrated hydrochloric
acid, and refluxing for six minutes. On cooling, no crystalline material was obtained. No
attempt was made to obtain the free base by neutralizing the reaction mixture.
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a-(2-Dialkylamino-tert.-butyl)-4-methozy-1-naphthalenemethanols. These compounds were
all prepared in a completely analogous manner. As an example, the preparation of the
hydrochloride of the diethylamino derivative is given.

In a well dried one-1. three-necked flask, kept under slight nitrogen pressure, fitted with
a Hershberg stirrer (12), a reflux condenser, and a dropping-funnel were placed 6.0 g. (0.25
g. atom) of magnesium turnings and 50 ml. of anhydrous ether. Then 47.4 g. (0.20 mole)
of 1-bromo-4-methoxynaphthalene (5), dissolved in 150 ml. of anhydrous ether and 50 ml.
of anhydrous thiophene-free benzene was added dropwise, over the course of § hour, with
stirring and refluxing. A small smount of methylmagnesium iodide was added to start
the reaction. Refluxing was continued for 3.25 hours longer.

The solution of the Grignard reagent was filtered, under nitrogen, into a one-l. three-
necked flask equipped with a Hershberg stirrer, a reflux condenser, and a dropping-funnel.
A solution of 23.6 g. (0.15 mole) of &, a-dimethyl-g-diethylaminopropionaldehyde (2) in 80
ml. of anhydrous ether was added dropwise over the course of thirty minutes to the Grig-
nard reagent. A yellow precipitate soon appeared in the flask. The mixture was refluxed
and stirred 7.5 hours longer.

The complex was decomposed with ice and saturated ammonjum chloride solution.
The layers were separated and the aqueous layer was extracted with two 100-ml. portions
of ether which were combined with the organic layer, washed twice with saturated am-
monium chloride solution, and dried over anhydrous potassium carbonate.

The dry ether solution was treated with an excess of ethereal hydrogen chloride, the
ether decanted and the gummy residue taken up in the minimum amount of alcohol. Addi-
tion of dry ether caused the product to crystallize. The yield was 37.8 g. (72%) of crude
material m.p. 162-164°. Four recrystallizations from alcohol-ether yielded 18.6 g., m.p.
169.0-169.5°. A small sample for analysis was crystallized three more times from alcohol-
ether. Tiny, colorless, granular crystals were obtained, m.p. 170.0-170.4°. A dimorphic
modification crystallizing in the form of rosettes of tiny needles, m.p. 107.5-109° was also
obtained on one ocecasion.

The isolation and purification of the di-n-propyl- and the di-n-butyl-amino compounds
was almost identical with the above. The hydrochloride of the di-n-amyl compound,
however, could not be crystallized. The dark red oil resulting from the Grignard reaction
was subjected to molecular distillation at 4 X 107 mm. pressure and 140-145°. There was
obtained 21.7 g. (45%) of an orange-red oil. All attempts to crystallize the hydrochloride
of the distilled base failed.

1-Chloro-4-iodonaphthalene. Preparation of 1-amino-4-chloronaphthalene. In a 3-1,,
three-necked flask fitted with a mechanical stirrer and a condenser attached to a gas trap
were placed 243 g. (1.7 moles) of a-naphthylamine (technical), 730 ml. of glacial acetic acid
and 174 ml. (188 g., 1.85 moles) of acetic anhydride (technical). The dark purple solution
was refluxed for two hours, the reaction mixture cooled in an ice-bath until the temperature
reached 35°, and 150 ml. of concentrated hydrochloric acid added. This prevented the
a-acetamidonaphthalene from setting to a semi-solid mass. When the temperature reached
21°, 500 ml. more of cone’d hydrochloric acid was added.

With an ice-bath the temperature was kept at 20-24° while a solution of 78.2 g. (0.735
mole) of sodium chlorate in 150 m}. of water was added with stirring over a period of one
hour. The mixture was stirred one hour longer in the ice-bath, then two hours at room
temperature and left overnight.

The mixture was refluxed for two hours to hydrolyze the amide, the condenser set for
distillation and 1100 m]. distilled while 750 ml. of water was added. The reaction mixture
was cooled, basified with saturated sodium hydroxide, and allowed to cool overnight after
removal of the stirrer.

The produect, which had settled as a black oil and solidified, was transferred to a 500-ml.
Claisen flask and distilled with superheated steam (the temperature of the issuing vapors
being 130-135°) until the organic phase almost stopped distilling (about six hours). The
product, which had distilled as a light purple oil and solidified in the receiver was air dried.
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The yield of crude 1-amino-4-chloronaphthalene was 155 g. (51%). This was crystallized
once from hexane (Skellysolve B, b.p. 60-70°) and yielded 106 g. (35%), m.p. 95-97°, This
material was pure enough for the next step.

Diazotization of the amino group and replacement with iodine. In a 2-1., three-necked
flask fitted with a mechanical stirrer, dropping-funnel, and thermometer, were placed
65.5 g. (0.369 mole) of 1-amino-4-chloronaphthalene and a solution of 31 ml. of concentrated
sulfuric acid in 1000 ml. of water. The mixture was cooled to 0° and a solution of 27.4 g.
(0.385 mole) of sodium nitrite (97%) in 80 ml. of water was added over a two-hour period, the
temperature being kept below 5°, The mixture was allowed to stand in the ice-bath for a
half hour, filtered quickly through glass wool and added cautiously to a solution of 90 g.
(0.54 mole) of potassium iodide in 100 ml. of water in a 4-1. beaker fitted with a mechanical
stirrer. The reaction mixture foamed very badly.

After about one hour, most of the reaction was over. The reaction mixture was stirred
one hour longer, then heated until the black product melted and settled to the bottom.
On cooling, the black oil solidified and was removed and air dried. This material was ex-
tracted three times with 500-ml. portions of boiling methanol and a black tarry residue was
discarded. The methanol solution was decolorized with Nuchar until light yellow, and the
product was crystallized by concentration. The yield of light yellow 1-chloro-4-iodonaph-
thalene was72¢g. (689 based on 1-amino-4-chloronaphthalene), m.p. 52.5-53.8°. Beattie and
Whitmore (13) report m.p. 54.5°.

Several other syntheses of 1-chloro-4-iodonaphthalene were investigated but the above
isin our opinion the best. Although the method of Beattie and Whitmore (13) gave a higher
over-all yield (399, from sodium naphthionate), it was tedious, and the intermediate mer-
cury compound produced an unpleasant skin rash. The nitration of a-chloronaphthalene
to yield 1-chloro-4-nitronaphthalene, which could be readily reduced to 1-amino-4-chloro-
naphthalene, was attempted by the method of Ferrero and Caflisch (14). The desired
compound could only be obtained in very low yield. The method reported by Pajak (15)
of treating «-naphthylhydroxylamine with eoncentrated hydrochloric acid to yield
1-amino-4-chloronaphthalene could not be repeated. Wehave prepared 1-chloro-4-iodonaph-
thalene in 319, over-all yield (based on 1-aceto-4-chloronaphthalene), by preparing
1-amino-4-chloro-naphthalene by a Beckmann rearrangement of methyl 4-chloro-1-
naphthyl ketoxime (18).

a-(2-Diethylaminoethyl)-4-chloro-1-naphihalenemethanol hydrochloride. Preparation of
B-chloropropionaldehyde. In a 50-ml. flagk in an ice-salt bath at —10° was placed 14.5 ml.
(12.1 g., 0.216 mole) of redistilled acrolein. Dry hydrogen chloride gas was passed over the
acrolein with occasional swirling. When 7.6 g. (96% theory) had been taken up, the con-
tents of the flask were transferred to a 50-ml. modified Claisen flask with the aid of a little
ether, and a few crystals of hydrogquinone and p-toluenesulfonic acid were added.

The mixture was distilled under nitrogen at 20 mm. in an oil-bath at 75° until the distil-
late was one phase (no more water distilling). The distillate was about 4 ml. The receiver
was then changed to a tared 125 ml. distilling flask containing 75 ml. of absolute ether,
which had been weighed and immersed in a dry ice-alcohol bath; the distillation was then
continued until the distillate practically stopped coming over. The increase in weight of
the receiver was 8.3 g. (0.090 mole, 439, yield assuming the weight increase to be pure
B-chloropropionaldehyde). The solution was left immersed in the dry ice-alcohol bath
while the Grignard reagent was being prepared.

Reaction of B-chloropropionaldehyde with 4-chloro-1-naphthylmagnesium iodide. In a
500-ml. three-necked flask fitted with a reflux condenser, a dropping-funnel and a me-
chanical stirrer were placed 28.9 g. (0.10 mole) of 1-chloro-4-iodonaphthalene, 150 ml. of
absolute ether, and 2.3 g. (0.095 mole) of magnesium turnings. The reaction started imme-
diately and the mixture was refluxed until all the magnesium had reacted.

The ethereal aldehyde solution was warmed to about 10° and added to the Grignard solu-
tion dropwise at a rate to maintain refluxing; after one hour of further refluxing the solution
was cooled in ice and hydrolyzed with 40 ml. of 3 V sulfuric acid. The ether solution was
separated, washed, and dried.
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Condensation of the chlorohydrin with diethylamine. The solvent was removed from the
above solution at reduced pressure, the light-colored oil taken up in 100 ml. of acetone and
22 ml. (15.5 g., 0.21 mole) of diethylamine and 7.5 g. (0.05 mole) of sodium iodide added.
The solution was refluxed seventeen hours.

The reaction mixture was transferred to a 500-ml. Claisen flask with 200 ml. of 3 N sodium
hydroxide solution and distilled at 140 mm. pressure, under nitrogen, until there was no
odor of diethylamine in the distillate. The residual dark oil was taken up in ether, washed,
and dried.

The addition of excess ethereal hydrogen chloride to the ether solution precipitated a
brown taffy. This material was treated with 50 ml. of boiling ethyl acetate and absolute
ethanol was added until all was in solution. On cooling, the solution deposited 5.5 g. of
nearly colorless product, m.p. 112-114°. Concentration of the mother liquor produced 5.5
g., m.p. 103-108°, which was recrystallized from ethyl acetate-ethanol to yield 4.2 g., m.p.
112-113°, The total yield was 9.7 g. (33%, based on g-chloropropionaldehyde).

a-(2-Dibutylaminoethyl)-4-chloro-1-naphthalenemethanol hydrochloride was prepared
in a completely analogous manner.

a-(2-Dibutylaminoethyl)-4-methozy-1-naphthalenemethanol hydrochloride. By a proce-
dure similar to that used for the above 4-chloro compounds, 4-methoxy-1-naphthylmagne-
sium bromide was treated with 8-chloropropionaldehyde (in toluene) and the crude chloro-
hydrin was treated with di-n-butylamine. The crude product was subjected to molecular
distillation at 5 X 1078 mm. pressure and after a forerun of e-methoxynaphthalene (excess
Grignard used) there was obtained a fraction of crude base from which was obtained 4.4 g.
(7%) of the product desired.

SUMMARY

Four o-(2-dialkylamino-tert.-butyl)-4-methoxy-1-naphthalenemethanols were
prepared by the reaction of 4-methoxy-1-naphthylmagnesium bromide and «,a-
dimethyl-8-dialkylaminopropionaldehydes. The aldehydes were prepared by
the Mannich reaction.

The reaction of B-chloropropionaldehyde with 4-methoxy- or 4-chloro-1-
naphthylmagnesium bromide gave chlorohydrins which were readily converted
into e-(2-dialkylaminoethyl)-4-chloro- or -methoxy-1-naphthalenemethanols.

Los AnceLes, CALIF,
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Since certain a-dialkylaminomethyl-2 or 4-chloro-1-naphthalenemethanols
(1, 2, 3, 4) possessed considerable antimalarial activity, it was desirable to study
the effect of further varying the position of the halogen. This paper reports the
5-, 6-, and 7-chloro derivatives which were prepared from the corresponding
1-naphthoic acids by the following reactions:

COOH (‘:o cl ?OCHz(Jl
SOCl, CH:N, Al(:-Pr0O);
Cl el HCl  Cl i-PrOH
I II 11
2HN (CiHy):
L. \ CHOH CH:N(C/Hy):
CHOHCH,Cl CH—CH,

ol /\ (\, NaOH ! HEN(CH): |
AV t
v

v VI

All of the chloronaphthoic acids needed as starting materials have been re-
ported previously, but the substance, m.p. 188-189° prepared by the condensa-
tion of methyl furoate and chlorobenzene in the presence of aluminum chloride
(5, 6, 7), and believed to be 6-chloro-1-naphthoic acid is an eutectic mixture of
the 6- and 7-chloro acids. It is not surprising that the reaction produces such a
mixture and the only structure proof heretofore attempted, decarboxylation to
2-chloronaphthalene, merely shows that the halogen occupies a §-position.

We repeated the synthesis of the acid mixture according to the directions of
Price and Huber (7), converted it to acid chloride, II, and prepared the chloro
ketone, III. A chloro ketone, m.p. 94-95°, was usually obtained in 25-50%;,
yield but in one case an isomeric ketone, m.p. 98.5-99.5°, was isolated. A mixed
melting point determination indicated that these compounds were different.

1 This work was done under a contract, recommended by the Committee onMedical
Research, between the Office of Scientific Research and Development and the University of
California, Los Angeles. The survey number, designated SN, identifies a drug in the rec-
ords of the Survey of Antimalarial Drugs. The antimalarial activity of those compounds
to which such numbers have been assigned will be tabulated in a forthcoming monograph.
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Hypochlorite oxidation of the first of these ketones (m.p. 94-95°) gave pure 6-
chloro-1-naphthoic acid, m.p. 215.8-216.2°, and similar treatment of the second

TABLE I
R
SuMMARY OF PROPERTIES OF DERIVATIVES OF THE TYPE X OF 6~ AND 7-CHLORO-
1-NaraTHOIC ACIDS
ANALYSIS
COMPOUND M.P
Calc’d Found
X R °C % C % H % C % H
6-Cl —COO0OCH;, 66.0-66.5 65.32 4,11 65.62 4.28
165-170/2 mm. (7)®
6-Cl1 —CONH, 215-216 64.24 4.02 64.62 4,17
6-Cl —CONHC:H; 196-197 72.47 4.29 72.02 4.27
6-Cl —COCH, 140/1 mm.>
6-Cl —C=NOHCH,; | 130.5-131.5 65.61 4,59 65.23 4.50
6-Cl —NHCOCH; 210-211 65.61 4.59 65.19 4.71
6-Cl —NH; 62-64
63-64 (10)®
6-Cl —CHO 83-84 69.30 3.70 69.11 3.86
120-160/2 mm. * ¢
6-Cl —CH=NOH 126-127 64.24 3.92 64.63 4.16
7-Cl —COO0OCH: 53-54
54 (8)%
7-Cl —CONH, 231.5-233.5
237 (8)*
7-Cl —CONHCH; 184.5-185.5
185 (8)?
@ Boiling point.
b Literature melting point.
¢ Crude, m.p. 45-46°.
gave slightly impure 7-chloro-1-naphthoic acid, m.p. 233.5-236.5°. Goldstein

and Fisher (8) found the m.p. 243° for this compound and we have prepared a
sample m.p. 239.7-243.1° by the separation method described below. Table I



DIALKYLAMINOALKYLNAPHTHALENEMETHANOLS. VIII 231

summarizes the derivatives which we have prepared of these 6- and 7-chloro
acids. The melting point-composition diagram for mixtures of the two acids is
given in Fig. 1.

A superior method of separating the acid mixture was sought. Recrystalliza-
tion of this mixture from a variety of solvents effected no separation and partial
precipitation from carbonate solution did not help much. It proved to be most
convenient to recover the 7-chloro isomer by crystallization of the mixture of acid
chlorides and to convert the residual acid chlorides to methyl esters from which
methyl 6-chloro-1-naphthoate was readily crystallized. This procedure gave
25-409, of 6-isomer and 10-189 of 7-isomer based on the amount of acid mixture
used.?

Distillation at reduced pressure of the acid chloride mixture mentioned above
gave a low-boiling forerun which on hydrolysis yielded 5-89 of o-chlorobenzoic
acid. This substance probably arose from o-chlorotoluene, since it failed to
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appear when carefully purified chlorobenzene was used as the starting material
in the synthesis.

During this work a need arose for 6-chloro-1-naphthaldehyde and an attempt
was made to prepare it by the Rosenmund reduction of the acid chloride from the
188~189° acid mixture. It was possible to obtain pure 6-chloro aldehyde by
careful recrystallization of the oximes of the mixed aldehydes but it was more
practical to prepare pure 6-chloro-1-naphthoic acid by hydrolysis of the methyl
ester described above and to make the acid chloride from this for the reduction.

The structure of 6-chloro-1-naphthoic acid was established by conversion of its
acid chloride to methyl ketone using dimethyleadmium, Bechmann rearrange-
ment of the oxime of this ketone and hydrolysis of the resulting substituted aceta-

2 Although we have obtained approximately this recovery of 6- and 7-isomers on several
runs, the proportions of each may depend rather critically on the method of conducting the
reaction. Hurd and co-workers (9) at Northwestern University have repeated this syn-
thesis and separation, obtaining 23-27% of 6- and 259 of 7-chloro acid.
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TABLE 11
R
N
SuMMaRY oF PROPERTIES OF CoMpoUNDSs OoF TYPE kX USED IN SYNTHESIS OF THE
/
DESIRED DI1-n-BUTYLAMINOMETHYL-X-CHLORO-1-NAPHTHALENEMETHANOLS
ANALYSIS
COMPOUND M. P,
Calc’d Found
X R “C %C | %H % C % H
5-C1 | —COOH 245
245 (11)=
6-Cl 215.8-216.2 63.93 | 3.41 | 63.78 | 3.61
7-Cl 240-241
243 (8)¢
5-Cl1 | —COCl1 146-148
160-165/2 mm.?
6-Cl 69-70 58.69 1 2.69 | 59.63 | 3.32
140-150/1 mm.?
7-Cl 106-107
106 (8)
140-150/1 mm.?
5-Cl1 | —COCH,Cl 147-148 60.28 | 3.37 | 60.55 | 3.60
6-Cl 95-96 60.28 | 3.37 | 60.18 | 3.56
7-Cl 98.5-99.5 60.28 | 3.37 | 60.03 | 3.56
5-C1 | —CHOHCH,CI1 153-154
6-Cl 74-75 59.77 | 4.18 | 59.88 | 4.43
7-Cl 77.0-77.5 59.77 | 4.18 | 59.86 | 4.26
5-Cle | —CHOHCH:N (CH;).- HCl 157-159 64.86 | 7.89 | 64.66 | 7.94
6-Cl¢ | —CHOHCH:N (C;Hjz):- HCI 174-176 61.15 | 6.74 | 60.70 | 6.78

¢ Literature melting point.
b Boiling point.

° SN 8739.

4 SN 8069.

mide to the known 6-chloro-1-naphthylamine (10). A preliminary attempt to
accomplish the proof by a Hofmann degradation of 6-chloro-1-naphthoic amide
was not promising,.
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For 5-chloro-1-naphthoic acid we chose the method of Eckstrand (11), involv-
ing chlorination of 1-naphthoic acid in glacial acetic acid. This gives a mixture
of 5-chloro, 8-chloro, and 5,8-dichloro acids from which the 5-isomer can be sepa-
rated readily as the ester. The 8-chloro compounds fail to esterify by the Fischer
procedure. Dichlorination can be largely prevented by chlorinating at room
temperature for a limited time, but when the 5-isomer alone is desired, it is
simpler to overchlorinate slightly at higher temperatures, which converts most of
the 8-compound to 5,8- without removing much of the 5-derivative (11).

The 5-, 6-, and 7-chloro-1-naphthoic acids, I, were converted to acid chlorides,
II, with thionyl chloride in 90-989 yields. Treatment of the acid chlorides
with diazomethane followed by hydrogen chloride produced x-chloro-1-naphthyl
chloromethyl ketones, III, in 65-869, yields. Reduction of these a-chloro
ketones with aluminum isopropoxide gave 94-999, of the chlorohydrins, IV,
which were used to prepare the corresponding x-chloro-1-naphthyl ethylene ox-
ides, V, in 90-999%, yields. The oxides were opened with di-n-butyl amine to
give 70-769%, of the desired a-di-n-butylaminomethyl-(x-chloro)-1-naphthalene-
methanols, VI.

In some cases the halohydrins were treated with two moles of di-n-butyl amine
and the final products obtained directly. Usually this procedure gave slightly
lower yields than the method involving isolation of the oxides. «-Diethylami-
nomethyl-6-chloro-1-naphthalenemethanol was also prepared by this method.

Table II summarizes the compounds prepared.

EXPERIMENTAL
All melting points are corrected. Analyses were done by Jack W. Ralls or Bruce Day.

1-Naphthoic acid. The method of Gilman (12) was used to prepare l-naphthoic acid.
Use of solid rather than gaseous earbon dioxide in the decomposition of 1-naphthylmagne-
gium bromide raised the yields to 80-90%.

§-Chloro-1-naphthoic acid. Fifty grams (0.29 mole) of 1-naphthoic acid, 0.5 gram of
iodine, and 500 ml. of glacial acetic acid were placed in a one-liter, three-necked flask
equipped with a thermometer and an inlet tube extending to the bottom of the flask. Chlor-
ine was passed in slowly at room temperature. Heat was evolved during the reaction and
the temperature rose to 50-60°. When it bad returned to room temperature the reaction
was complete. Excess chlorine and acetic acid were removed at 30 mm., the residue was
dissolved in 500 ml. of ether and this solution washed several times with 200 ml. of water
to remove the remaining acetic acid. After drying over magnesium sulfate the solution
was evaporated. The chlorinated naphthoic acids remaining were dissolved in 500 ml. of
methanol saturated with hydrogen chloride and the solution refluxed twenty-four hours.
The methanol was removed at reduced pressure leaving methyl 5-chloro-1-naphthoate,
8-chloro- and 5,8-dichloro-1-naphthoic acids. The acids were dissolved in saturated
sodium bicarbonate solution, and the ester taken up in 500 ml. ether. The layers were sepa-
rated and the ethereal solution evaporated. The ester thus obtained was hydrolyzed by
refluxing overnight with aqueous alcoholic sodium hydroxide (10% excess). The resulting
solution was poured slowly onto a vigorously stirred mixture of ice and 25% excess of con-
centrated hydrochloric acid. The precipitated 5-chloro-l-naphthoic acid was collected,
washed with water, pressed as dry as possible, and air dried. This acid was crystallized
from ligroin (Skellysolve S, b.p. 150-200°) to give 27 g. (0.13 mole, 48%) of a tan solid, m.p.
237-242°, sufficiently pure for further work. Two recrystallizations raised the melting
point to 245°, which is that reported by Eckstrand (11).

It was possible but less satisfactory to purify by distillation of the crude methyl 5-chloro-
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1-naphthoate b.p. 130° at 2 mm. The distillate solidified on standing and this solid was
recrystallized from ethanol to give the pure ester, m.p. 42°. Hydrolysis of the crude dis-
tillate gave acid sufficiently pure for further use. Decomposition losses during distillation
were prohibitively large except on small runs.

6- and 7-Chloro-1-naphthoic acids. The method of Price and Huber (7) was used with some
modification.

In a 3-liter, 8-neck flagk fitted with & mercury-sealed stirrer, a reflux condenser, and an
aluminum chloride addition tube were placed 150 g. (1.18 moles) of methyl furoate and 900
ml. of dry Eastman practical grade chlorobenzene. The solution was cooled to 5° and 325
g. (2.44 moles) of aluminum chloride was added with stirring. The reaction mixture was
stirred for thirty minutes at 5°, for one hour at room temperature, and at 95-105° for twenty-
nine hours. The solution was cooled and poured into an excess of ice and hydrochloric acid.
The resulting emulsion was stirred one hour, and the chlorobenzene was removed by steam-
distillation. After decanting the water, the tarry product was dissolved in 1.5 liters of
boiling glacial acetic acid, the solution filtered while hot, and diluted to 4.5 liters with
water. The resulting solid was collected and dried. This material contained up to 15%
methyl 8- and 7-chloro-1-naphthoate; the ester was separated by extraction with three 500-
ml. portions of boiling petroleum ether (b.p. 60-70°, Skellysolve B). The solvent was
evaporated, the esters hydrolyzed and added to the material remaining after these ex-
tractions. The acids were dissolved in bicarbonate, the solution boiled with decolorizing
carbon, and filtered. Aecidification with 6 N hydrochloric acid precipitated the acid mix-
ture. This gave 135-145 g. (55-60%) of crude mixed acids, m.p. 160-~180°, containing
roughly 609, 6-chloro-1-naphthoic acid, 30% 7-chloro-1-naphthoic acid, 5-8% o-chloroben-
zoic acid, and some inorganie salts.

Two liters of practical chlorobenzene was fractionated through a three-foot eolumn
packed with 3” glass helices at a reflux ratio of 5:1 to 8:1. Nine hundred milliliters of a
middle cut boiling 130.0-130.6° (uncorr.) was used in one condensation with methyl furoate.
No o-chlorobenzoic acid could be detected among the products of the reaction. In addi-
tion to the chlorobenzene and a small forerun the fractionation yielded about 100 ml. of
material boiling at 157-160°.

Separation of 6~ and 7-chloro-1-naphthoic acids. In a 1-liter glass-jointed flask 100 g. of
the crude acids and 400-500 ml. of thionyl chloride were refluxed eight to twelve hours.
The excess thionyl chloride was removed first at atmospheric pressure then under an as-
pirator vacuum. Distillation of the residue at 1 mm. from a 250-ml. Claisen flask gave
30-40 g. of material boiling under 140° and 60-70 g. boiling at 140-150°. The high-boiling
fraction was dissolved in 1 liter of hexane (b.p. 60-70°, Skellysolve B) and allowed to crys-
tallize overnight at 0°. One-third to one-half of the solute was precipitated by this pro-
cedure. The precipitate was richer in the 7-chloro isomer and melted at 60-90°. Recrys-
tallization once from Skellysolve B (14-15 ml. per g. of acid chlorides) raised the melting
point to 80-~100° and another recrystallization to 100~104°. The mother liquors were com-
bined and the solvent evaporated, then 200 ml. methanol was added and the solution boiled
ten to fifteen minutes. A crystalline methyl ester deposited on standing, m.p. 50-60°.
Recrystallization from methanol gave pure methyl 6-chloro-1-naphthoate, m.p. 66.0-66.5°.
This procedure gave 35-40%, of the 6-isomer and 10-18% of the 7-isomer. All residues were
hydrolyzed and the products added to the original crude acid mixture for recyecling.

Three and seventy-eight hundredths grams of the low-boiling fraction from the acid
chloride distillation was boiled with 200 ml. water. The solution was filtered while hot.
Upon cooling the filtrate deposited 1.16 g. of o-chlorobenzoic acid, m.p. 137-139°, mixed
melting point with authentic sample 138-140°, anilide 116~117° [reported m.p. 114°, 117.5-
118° (13) ]; equivalent weight: 156.7, 157.8; calculated for C,H;Cl0,: 156.57. The fraction
insoluble in hot water was presumed to be chloronaphthoic acids and was returned for
recycling.

Preparation of &-, 6-, and 7-chloro-1-naphthoyl chlorides. The acids were refluxed in
glass-jointed equipment for several hours with four to five times their weight of thionyl
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chloride [Eastman White Label or purified by Fieser’s method (14) ] for four to twelve hours.
The excess thionyl chloride was removed first at atmospheric pressure then under an as-
pirator vacuum. Distillation at 1 to 2 mm. of the residues gave the acid chloride in 95-
99% yield. The distillation was not required for satisfactory results; after removal of most
of the thionyl chloride as above, ten ml. of benzene was added to a preparation of 6 g. of
6-e¢hloro-1-naphthoyl chloride and removed first at atmospheric pressure, then under an
agpirator vacuum to give a crude acid chloride sufficiently pure for the next step. (Table
IT lists the physical properties.)

Preparation of §-, 6-, and 7-chloro-1-naphthyl chloromethyl ketones. To a cold solution
of about 12.6 g. (0.30 mole) of diazomethane in 450 ml. of dry ether (15) was added a solu-
tion of 22.5 g. (0.10 mole) of the acid chloride prepared as above. Nitrogen was evolved
vigorously for 15-30 minutes. After standing overnight, the diazo ketone was decom-
posed, either by adding an ether solution of hydrogen chloride, or by passing in dry hydro-
gen chloride until the evolution of nitrogen ceased. The ether was evaporated, leaving 22
to 22.5 g. (0.092-0.098 mole, 92-98%,) of chloro-1-naphthyl chloromethyl ketone as a crude
yellow solid. Recrystallization from hexane (b.p. 60-70°, Skellysolve B) gave the pure
materials in 869, yield of the 5-chloro isomer, 659, yield (from undistilled 6-chloro-1-naph-
thoyl chloride) of the 6-chloro isomer, and 75% of the 7-chloro isomer. These compounds
are described in Table II.

During preliminary work this reaction was performed repeatedly using distilled mixed
6- and 7-chloro-1-naphthoyl chlorides prepared from the 188-189° acid mixture and gave a
crude, semi-solid, yellow-to-red product in 90-98%, yield. From this material pure 6-chloro-
1-naphthoyl chloromethyl ketone could be obtained in 30-50%, yield by repeated recrystal-
lizations from methanol. During a decolorization with 2 g. of Nuchar XXX and recrystal-
lization from 200 ml. of methanol of 29.5 g. of this mixture, crystals other than the needles
of the 6-chloro isomer were noted and separated. This gave 13.2 g. of nearly pure material,
m.p. 97-99°. This substance gave a melting point depression with the 6-chloro-chloro
ketone and with methyl-6-chloro-1-naphthoate.

Anal. Cale’d for Ci.HsCl,O: C, 60.28; H, 3.37.

Found: C, 60.03; H, 3.60.

One and two-tenths grams (0.005 mole) of this material was oxidized with sodium hypo-
chlorite using the directions of Newman and Holmes (16) to give 0.93 g. (0.0045 mole, 90%)
of an acid, m.p. 231-233.5°; neutral equivalent: calc’d for C;;H,ClO,-H,0, 224.6; obs. 220.
Recrystallization from benzene raised the melting point to 233.4-236.6° [reported for 7-
chloro-1-naphthoic acid: 243° (8) ], mixed melting point with 5-chloro-1-naphthoic acid (241-
244°), 203-212°. Treatment of 0.2727 g. of this acid with thionyl chloride gave, after re-
crystallization from hexane (b.p. 60-70°, Skellysolve B), 299, of an acid chloride, m.p.
102-104° [reported for 7-chloro-l-naphthoyl chloride, 106° (8)]. By reaction of 0.0322 g.
of this acid chloride with aniline, 0.0409 g. (100%) of a crude anilide was obtained. After
recrystallization from ethanol this anilide melted at 178-180° (7-chloroanilide m.p. 185°).
Ammonia converted 0.0450 g. of the acid chloride to 0.0303 g. (74%) of the corresponding
amide; after recrystallization from ethanol, m.p. 227-229° (7-chloroamide, m.p. 237°).
Later larger amounts of the acid were obtained and purified by recrystallization of the
methyl ester from methanol and these derivatives were prepared in a purer state. These
compounds are listed in Table I.

From a solution of 42 g. of mixed chloro ketones in 300 ml. of methanol 3.0 g. of & com-~
pound, m.p. 136.0~142.5°, crystallized. An additional crystallization raised the melting
point to 145.7-146.2°, Tests for sulfur and nitrogen after sodium fusion were negative.
The material was recovered unchanged after an aluminum isopropoxide reduction of
eighteen minutes duration.

Anal. Found: C, 58.73; H, 5.31.

Preparation of a-chloromethyl-6-, 6-, and 7-chloro-1-naphthalenemethanols. The pure
chloro ketones were reduced to the corresponding chlorohydrins by reduction with alumi-
num isopropoxide in isopropanol by a technique previously described (2), in 94999, yields.
These compounds are listed in Table II.
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Preparation of §-, 6-, and 7-chloro-1-naphthyl ethylene oxides. The procedure detailed
previously was used to prepare the ethylene oxides in 94-999, yields in the case of the 6-
and 7-isomers and the properties of these compounds have been reported (3). The 5-
chloro-1-naphthyl ethylene oxide was used without determining the yield.

Preparation of a-di-n-butylaminomethyl-5-, 6-, and 7-chloro-1-naphthalenemethanols.
A. By treatment of the appropriate oxides with molecular equivalents of di-n-butyl amine
at 100-120° for eight to twelve hours the corresponding amino ethanols were obtained.
The free bases were dissolved in ether and precipitated as the hydrochloride by adding
ethereal hydrogen chloride. These salts were recrystallized from acetone by adding
enough ether to cause precipitation., After purification the 5-isomer was obtained in 709,
yield, based on chlorohydrin; the 6-isomer in 749, yield and the 7-isomer in 76%, yield based
on oxide. This method is described in detail in another paper (3).

B. The amino alcohol was prepared in the case of the 6-chloro isomer not only by treat-
ment of oxide with amine, but also by allowing 98.0 g. (0.760 mole) of di-n-butyl amine to
react with 45.8 g. (0.192 mole) of chlorohydrin for twenty hours in 200 ml. of refluxing xylene.
A precipitate of hydrochloride salt appeared and the flask was swirled occasionally to break
up the crust which formed. The contents of the flask were transferred to a 2-1. round-
bottom flagk, 75 ml. of 6 N sodium hydroxide and 200 ml. of water were added, and steam
distillation was carried on until all the dibutylamine had been distilled. It was safe to
stop when ca. 3 1. of distillate had been obtained. The residual mixture in the flask was
cooled and extracted with two 300-ml. and one 100-ml. portions of ether. After being
washed with water the combined ether solutions were dried over anhydrous potassium
carbonate overnight. This solution of the free base in ether was treated as described above.
The yield after recrystallization was 51-52.5 g. (70-72%). The compounds thus obtained
are listed in Table I except when they have been given earlier (3).

a-Diethylaminomethyl-6-chloro-1-naphthalenemethanol. This compound was prepared
from the chlorohydrin by heating in dilute dioxane with diethyl amine in a bomb tube at
125° for twenty-four hours. The yield was only 339, but modification of the methods given
above should lead to great improvement. The compound was also obtained in low yield
by the amino ketone method described earlier (1).

Preparation of 6-chloro-1-naphthaldehyde. Hydrolysis of 45.5 g. (0.206 mole) of pure
methyl 6-chloro-1-naphthoate gave 43.0 g. of 6-chloro-1-naphthoic acid. This acid was
converted to the acid chloride with thionyl chloride, and the acid chloride distilled at re-
duced pressure. A Rosenmund reduction following the directions of Hershberg and Cason
(17) gave 25.0 g. (0.131 mole, 63.6% on the basis of ester used) of 6-chloro-1-naphthaldehyde,
m.p. 83-84°. Reduction of acid chloride mixture from the 188-189° acid mixture gave crude
mixed aldehydes which were distilled b.p. 120-160°/2 mm., m.p. 45-46°. Treatment of 25
g. of this mixture with sodium bisulfite gave the addition product from which 18 g. of alde-
hydes melting 69-72° could be recovered. Mixed oximes were prepared from this latter
material. Recrystallization three times from carbon tetrachloride gave pure 6-chloro-1-
naphthaldehyde oxime, m.p. 126-127°, in good yield. Decomposition of 5.0 g. (0.024 mole)
of pure oxime with pyruvic acid, acetie acid, and hydrochloric acid gave 3.6 g. (0.019 mole,
78%) of pure 6-chloro-1-naphthaldehyde, m.p. 82.5-83.5°. Oxidation of 5.0 g. (0.024 mole)
of the oxime with basic permanganate gave 0.3 g. (0.0015 mole, 6.3%) of 6-chloro-1-naph-
thoic acid, m.p. 212-214°.

The Rosenmund method has also been used to prepare 4-chloro-1-naphthaldehyde, m.p.
81.5-82.0°. The yield from 4-chloro-1-naphthoic acid (18) was 75%.

Anal. Cale’d for CnH,OCl: C, 69.30; H, 3.70.

Found: C, 68.78; H, 3.69.

Preparation of 6-chloro-1-acetonaphthone. Pure 6-chloro-1-naphthoic acid was refluxed
with thionyl chloride for four hours. The excess thionyl chloride was removed, and the
product poured on a watch glass to solidify and to allow residual thionyl chloride to evap-
orate. Nine and four-tenths grams (0.089 mole) of this acid chloride was suspended in 50
ml. of dry ether and added to a solution of 0.030 mole of dimethylcadmium in 150 ml. of
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ether, prepared according to the directions of Gilman and Nelson (19). The reaction mix-
ture was refluxed an hour and then treated as described by Gilman and Nelson. The prod-
uct, a light-yellow oil, was converted directly to an oxime.

Preparation of 6-chloro-1-acetonaphthone oxime. The ketone was dissolved in 80 ml. of
aleohol and 11 ml. of water and 4.4 g. (0.063 mole) of hydroxylamine hydrochloride and 8 g.
(0.20 mole) of sodium hydroxide were added. The mixture was allowed to stand overnight,
then refluxed fifteen minutes. After cooling, the suspension was poured into 25 ml. of
conc’d hydrochloric acid and 400 ml. of water was added. The yield was 7.02 g. (0.0321
mole, 82.3% from crude acid chloride) m.p. 120-140°. By extracting this crude product
with 200 ml. of boiling Skellysolve B and chilling the extracts, a product melting at 125~
128° was obtained. Three recrystallizations from Skellysolve B gave 1.5 g. of pure oxime,
m.p. 130.5-131.5°. Recrystallization of the material insoluble in Skellysolve B from meth-
anol or ethyl acetate gave two grams of a solid melting at 180-182°,

Anal. Found:C, 59.33; H, 3.75.

This substance would not dissolve in agueous base nor give a precipitate with aleoholic
silver nitrate.

Beckmann rearrangement of 6-chloro-1-acetonaphthone ozime. In 30 ml. of dry ether was
placed 1.0066 g. of oxime and 1.00 g. of phosphorus pentachloride. The solution was re-
fluxed one hour, then poured on ice and stirred. By warming the ether and ice mixture on
a steam-bath the ether was evaporated and the product precipitated. This substituted
acetamide had the m.p. 185-200°, wt. 1.102 g. (contaminated with phosphorous acid).
Half of this crude material was recrystallized three times from ethyl acetate to give pure
N-acetyl-6-chloro-1-naphthylamine, m.p. 210-211°.

Preparation of 6-chloro-1-naphthylamine. Five hundred milligrams (0.0023 mole) of
crude N-scetyl-6-chloro-1-naphthylamine was refluxed with 30 ml. of 6 N hydrochlorie acid
for four hours. The solution was neutralized with sodium hydroxide and extracted with
three 100-ml. portions of ether. After drying over anhydrous potassium carbonate, the
ether solution was concentrated to twenty ml. Addition of ethereal hydrogen chloride
precipitated 0.1934 g. (0.0009 mole, 39%) of 6-chloro-1-naphthylamine hydrochloride. This
hydrochloride was recrystallized from an alecohol-ether mixture. Fifty milligrams of the
purified hydrochloride was shaken with dilute base and ether. Evaporation of the ether
left 0.0386 g. (95%) of 6-chloro-1-naphthylamine, m.p. 62-64°.

The above compounds are listed in Table I.

SUMMARY

a-Di-n-butylaminomethylchloronaphthalenemethanocls with chlorine in posi-
tion 5, 6, and 7 have been prepared from the corresponding chloro-1-naphthoic
acids. The substance, m.p. 188-189° obtained by the reaction of chlorobenzene,
methyl furoate, and aluminum chloride and believed to be 6-chloro-1-naphthoic
acid has been shown to be the eutectic mixture of the 6- and 7-chloro compounds.
A satisfactory method of separation has been devised.
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According to Sachs (1), 1-naphthylamine is formed in good yield by heating
naphthalene and phenol with sodium amide at temperatures above the melting
point of the latter; the phenol is reduced to benzene in the process. Germuth
(2), in a short note without experimental detail, claims that pure 1-naphthyl-
amine may be prepared by heating naphthalene and sodium amide in the ab-
sence of phenol. The well known reaction of Chichibabin, in which a-amino
derivatives of pyridine, quinoline, and isoquinoline are obtained by the action of
sodium amide upon the heterocyclic base in heated xylene or other inert solvent,
has been reviewed elsewhere (3, 4). An important modification, suggested by
Ostromislenski (5) and later adopted by LefHler (4) consists in the use of dimethyl-
aniline instead of a hydrocarbon, in which both the sodium amide and the
sodium salt of the reaction product are generally insoluble. It was thought that
difficulties could be partly avoided by the use of the fused eutectic of sodium
amide and potassium amide, which contains 33 mole per cent of the latter and
melts at about 92° (6). It was also believed that primary amines might prove to
be better media for these reactions than a tertiary amine, such as dimethylaniline,
whose effectiveness is thought by Leffler (4) to be partly due to its ability to dis-
solve appreciable amounts of sodium amide at high temperatures.

Attempts were first made to find an easily reducible organie or inorganic com-
pound that would take the place of the phenol in the reaction of Sachs (1), or of
the potassium nitrate in the equation below (7).

C,H:N + 2KNH; + KNO; — CHgN -NHK + KNO; + KOH + NH; (I)
(in liquid ammonia at 20°)

It was found that the yield of 2-aminoquinoline obtained in the reaction between
quinoline and the fused amide eutectic in boiling xylene was poor and could not
be sensibly improved by the addition of any one of the following substances:
sodium nitrate, potassium nitrate, sodium azide, phenol, nitrobenzene {caution:
nitrobenzene and sodium amide explode if heated to too high a temperature),
benzalaniline, or acetamide. Mercury did not improve the yield of 1-aminoiso-
quinoline under similar conditions.

1-Aminoisoquinoline was obtained in 699 yield by refluxing a xylene solution
of isoquinoline with the fused amide eutectic; Chichibabin and Oparina (8) report
a 389, yield with the use of sodium amide alone. Fairly good yields of a-alkyl-
aminopyridines and e-alkylaminoquinolines were obtained by heating pyridine
or quinoline with the fused amide eutectic in a primary alkylamine; no amino-
pyridine or aminoquinoline was isolated. The following compounds have been

1 Deceased, Mar. 29, 1946. Proof not corrected by authors.
239



240 BERGSTROM, STURZ, AND TRACY

prepared in this manner: 2-methylaminopyridine, 2-methylaminoquinoline,
2-n-butylaminopyridine, 2-n-butylaminoquinoline (in an impure state), 2-cyclo-
hexylaminopyridine, 2-cyclohexylaminoquinoline, and 2-n-heptylaminopyridine.
Potassium nitrate was generally unnecessary, though it appeared to be helpful in
some cases, A typical reaction, representing the formation of 2-cyclohexyl-
aminoquinoline, is shown in the following equation.

CH;N + MNH; + CHuNH; — CH N -NM)CeHy, + He 4+ NH; (1)
When hydrolyzed,

CQHGN'N(M)CGH:H + H2O e CgHaN‘NHCan + NaOH
MNH; represents the amide eutectic.

Attempts to prepare alkylamino pyridines and quinolines by heating a solution
of a primary amine and pyridine or quinoline in xylene with the eutectic mixture
of amides failed in one case, but succeeded in another, where a moderate yield of
2-n-heptylaminopyridine was isolated. It is interesting to find that isoquinoline
and the fused amide eutectic reacted in boiling eyclohexylamine to give 1-amino-
isoquinoline in 579, yield, apparently without the formation of 1-cyclohexyl-
aminoisoquinoline. Under similar conditions, acridine was converted to a tar.
In the comparatively small scale experiments described in this article, pyridine
and quinoline reacted with the fused amide eutectic in secondary amines only to
give 2-aminopyridine (possibly with some 2,6-diaminopyridine) and 2-amino-
quinoline. Attempts to make 2-anilinoquinoline by heating quinoline and ani-
line with the amide eutectic were unsuccessful. Chichibabin and Seide (9) were
able to prepare 2-anilinopyridine in poor yield by heating sodium anilide with
pyridine,

THE REACTION MECHANISM

Bradley and Robinson (10) warmed a mixture of nitrobenzene, piperidine,
and sodium amide, thereby obtaining a 279, yield of 4-N-piperidinonitrobenzene,
in accordance with the equation,

CeH5N02 + CsHmNH + NaNHg > CaHmN'CaH4NOz + NH3 + (NaH) (III)

An electronic interpretation is given, based on the assumption that sodium-N-
piperidide, CsH;(NNa, is forrned as an intermediate. The highly active anion of
this compound attacks the nitrobenzene molecule in the para position, at a point
that can become positively charged because of the (—) electromeric effect of the
nitro group. Bergstrom, Granara, and Erickson (11) have similarly prepared
p-nitrotriphenylamine by the action of sodium diphenylamide on nitrobenzene.
According to the mechanism of Bradley and Robinson, the formation of sodium
cyclohexylaminoquinoline should follow the equations,

NaNH; + CsHuNH; — CeHyyNHNa -+ NH‘3 IV, a)
CGHHNHNa + CQH7N e d CgHsN'NN&CeHn + Hz (IV, b)

However, when cyclohexylamine was refluxed with the amide eutectic, very little
ammonia was formed, indicating lack of appreciable reaction, an equilibrium
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with very little sodium cyclohexylamide present, or, less probably, the formation
of a salt, CsHINHNa - NH;, with ammonisa of erystallization. The equilibrium
of (IV, a) should be gradually displaced toward the right if ammonia is lost
during the refluxing.

In view of these facts, it is worth while to suggest an alternate mechanism, in
which the amide ion first attacks the carbimide group (—CH=N—) of quinoline
to form (A), equation (V); this is of course equivalent to an addition compound
of quinoline with potassium amide. The amino group is then exchanged for
—NHR in a reaction that is doubtless favored by an excess of the primary
alkylamine; reasons why this is a logical step are discussed in a previous article
(12).

CH=N + NH,~ — CH(NH;)—N- (A) V)
CH(NH;)N- 4+ RNH; = CH(NHR)N- 4 NH;
The formation of a 2-alkyl-quinoline or -pyridine then will be expressed by the
following over-all equation,

M+

CH(NHR)—N- — C(NMR)=N <+ H, VD)
C(NMR)=N 4+ H;0 — C(NHR)=N -+ MOH
where M=Na or K

The mechanism whereby this is accomplished is not yet clear in all of its aspects;
a tentative suggestion for a related liquid ammonia reaction has been made in a
previous paper (13).

EXPERIMENTAL PART

Sodium amide-potassium amide eutectic was prepared by bubbling ammonia gas through
a mixture of 77 g. (3.4 atoms) of sodium and 64.5 g. (1.6 atoms) of potassium at 350°, in ac-
cordance with directions given in Organic Syntheses (14). The mixture was cooled toward
the end to about 200°, and ammonia gas passed through for about half an hour to diminish
the amount of hydride; thereafter, the inlet tube was raised above the level of the melt and
the latter allowed to cool to room temperature in a slow stream of ammonia. Pouring of
the molten amide on a metallic pan, as suggested in previous directions (14), will result in
a bad fire. When cool, the nickel crucible containing the amides was inverted on a metal
plate and tapped to dislodge the solid, which was broken up and stored in a wide-mouth
bottle filled with ammonia gas (the ground stopper must fit tightly and be greased near the
top). After each removal of amide, the bottle was again filled with ammonia and stoppered.
The average ‘“molecular weight’’ of this mixture, or, more precisely, the weight containing
16 g. of amide ion, is calculated to be 45.

All reagents were of high purity and were dried before use either by desiccation or, if a
liquid, by fractional distillation. The melting points are uncorrected.

1-Aminoisoquinoline. Fifteen grams of the amide eutectic was well ground in a mortar
under 200 cc. of xylene, and then transferred, along with the xylene, to 500-cc. three-
necked round-bottomed flask. The mixture was heated at 100° on a boiling water-bath and
mechanically stirred while 10 g. of isoquinoline was slowly added from a dropping-funnel.
After heating and stirring for an additional two hours, the flask was cooled and the xylene
decanted as well as possible. The excess of amide was destroyed by passing over it a cur-
rent of moist air, obtained by passing air through two wash bottles of water maintained at
a temperature of 60-70°.
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The hydrolyzed residue was crystallized from hot water; a dark colored oil separating at
this stage was largely 1-aminoisoquinoline, which could be dissolved by adding more hot
water. In four experiments, the yield of 1-aminoisoquinoline varied between 63.5 and
69.7%, while in one run a 76%, yield of hydrogen was obtained. With 6 g. of the eutectic
and 10 g. of isoquinoline in 200 cc. of xylene at 100°, the following yields of 1-aminoisoquino-
line were recorded; with 10 minutes heating, 239, ; with 2 hrs. heating, 41%,. When 26 g.
of isoquinoline and 15 g. of the eutectic were heated for 2 hrs. in 200 cc. of xylene at 100°,
the yield of 1-aminoisoquinoline dropped to 37%, showing that it is better to operate in the
more dilute solutions.

Twenty grams of the amide eutectic and 100 cc. of dry cyclohexylamine were heated with
5.5 g. of isoquinoline and 5 g. of potassium nitrate for 1.5 hours at 135°. After careful
hydrolysis the upper amine layer was separated and steam distilled to remove the amine;
3.5 g. or 57% of 1-aminoisoquinoline, m.p. 122-123°, geparated from the steam non-volatile
liquid on cooling.

2-Aminopyridine. Ten grams of the amide eutectic, 3 cc. (2.95 g.) of pyridine, and 50
cc. of diethylamine were heated in a small autoclave for two hours at 120°, After cooling,
water (30 cc.) was slowly added to the contents of the bomb, and the aqueous layer extracted
several times with benzene. Distillation of these extracts, first at atmospheric pressure
to remove benzene and diethylamine, and then in vacuo gave 1.6 g. of 2-aminopyridine
(46%), m.p. 50~52°, b.p. 91-93° at 8 mm. One-half gram of a substance, probably 2,6-
diaminopyridine, was obtained at 144° and 6 mm. When crystallized from benzene the
melting point became 121-122°; according to Chichibabin and Seide (9), the melting point
of 2,6-diaminopyridine is 122°,

Pyridine (16 g.), the amide eutectic (10 g.), and xylene (30 cc.) were heated for seven
hours at 140-150° (oil-bath temperature). After cooling, 20 cc. of saturated sodium car-
bonate solution was cautiously added to hydrolyze the excess of amide. The xylene layer
was separated and combined later with two benzene extracts of the aqueous solution, and
then distilled as described in the paragraph above to give 7.2 g. (38%) of 2-aminopyridine;
better yields have been reported with the use of sodium amide alone (9). No increase in
yield was obtained in dibutylamine as a solvent, though the reaction time appeared to be
decreasged.

2-Aminogquinoline. The yield of 2-aminoquinoline obtained by heating quinoline with
an excess of the amide eutectic in xylene at 100° for six hours was inferior to that reported
by Chichibabin and Zatzepina (15), who used sodium amide alone. The replacement of the
xylene by diethylamine or by dibutylamine offered no advantages.

Alkylamino Pyridines and Alkylamino Quinolines

Procedure A. 2-Cyclohexylaminoquinoline. Twenty grams (0.45 mole) of the sodium
amide-potassium amide eutectic was well ground under benzene and transferred to a 500-
ce. reaction flask with standard taper ground glass joints (A of Fig. 1). The benzene was
decanted as well as possible and replaced by 100 ce. of cyclohexylamine which had been
dried over sodium ribbon and fractionated. Five grams (0.05 mole) of dry and powdered
potassium nitrate was added to the mixture. The levelling bulb, H, was lowered to the
level of the mercury seal, I, and the reactants heated at 100-110° (oil-bath temperature)
for thirty minutes, or until no more air was expelled into the nitrometer, F. Airin the latter
was then displaced by raising H and opening the stopcock, G. With the latter closed, H
was again lowered to the level of the mercury surface in I, and 5.5 g. of quinoline (0.043
mole) added dropwise from the burette, B, over a period of about half an hour, with stirring.
(The stirrer passed through a packed gland.) A fairly vigorous reaction took place with
the evolution of hydrogen; a total of 740 cc. (0.0330 mole) of gas, calculated to standard
conditions, was obtained, a yield of 779. The mixture was stirred and heated for about 15
minutes after the gas evolution had ceased. The flask, A, was now disconnected from the
nitrometer, cooled, and the contents hydrolyzed by the slow addition of water, a total of
about 500 cc. being used in order to dissolve the bulk of the eyclohexylamine. The floccu-
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lent gray solid that separated was filtered and crystallized from 200 ce. of 50%, ethanol to
give 5.7 g. (59%,) of white needles melting at 125-126°.
Anal. Cale’d for CisHysN,: C, 79.62; H, 8.02.
Found: C, 79.36; H, 8.27.
A repetition of this experiment with the omission of the potassium nitrate, and one hour
heating gave 5.4 g. (56%) of 2-cyclohexylaminoquinoline melting at 124-125°, but the yield

Fia. 1

occasionally dropped practically to zero. More consistent results were obtained when
potassium nitrate was used.

2-Cyclohexylaminoquinoline was also prepared by heating 2-chloroquinoline (4.1 g.)
with eyclohexylamine (15 cc.) for six hours at 200° in a sealed tube, with the addition of
one gram of copper powder. The cooled reaction product was poured into water and the
resulting precipitate crystallized from 509, ethanol as above. The yield was 3.3 g., or 58%.
The melting point and the mixed melting points with material prepared by the action of the
eutectic on quinoline in cyclohexylamine were 125-126°.

2-Cyclohezylaminopyridine. In accordance with the procedure outlined above, 20 g. of
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the eutectic, 5 g. of potassium nitrate, 5.9 g. of pyridine, and 100 cc. of cyclohexylamine
reacted at 100-120° for one hour. There was obtained 4.5 g., or 34%, of cyclohexylamino-
pyridine melting at 123-124° and 1,230 cc. of gas, calculated to standard conditions (74%,).
The isolation followed the scheme given above for cyclohexylaminoquinoline; the precipi-
tate was crystallized several times from dilute alcohol.

Anal. Cale’d for Ci1HeN;: C, 74.96; H, 9.15; N, 15.90.

Found: C, 74.92; H, 9.35; N, 16.12.

2-Bromopyridine (2.7 g.) was heated with cyclohexylamine (4.5 g.) at 180° for five hours
in a sealed glass tube. Water was added to the reaction mixture and the resulting precipi-
tate filtered and washed with small quantities of the same solvent to remove cyclohexyl-
ammonium bromide. The yield of 2-cyclohexylaminopyridine melting at 123-124° was 1.2
g.,or 409%. The melting points of three mixtures of this with the material prepared by the
first method were the same.

2-n-Butylaminoguinoline. Procedure (A) was followed, with the use of 100 cec. of n-
butylamine, 20 g. of the eutectic, 5 g. of potassium nitrate, and 5.5 g. of quinoline. There
was collected 1120 cc. of gas under standard conditions in place of a theoretical 950 ce.
The supernatant oily layer left after the hydrolysis with a small volume of water was dried
over potassium hydroxide and distilled, first to remove butylamine, and then at 145-170°
and 4 mm. to obtain crude 2-n-butylaminoquinoline. The yield was about 40% of the
theoretical. A picrate, crystallized several times from methy! isobutyl ketone, melted at
201.5-202.5°.

Anal. Cale’d for CisH;N305: C, 53.15; H, 4.46; N, 16.31.

Found: C, 53.43; H, 4.84; N, 16.13.

A much better method of preparation is the following: Four grams of 2-chloroquinoline,
25 ce. of n-butylamine, and 0.2 g. of copper powder were heated in a sealed glass tube at
170° for five hours. Isolation of the product in accordance with the above directions, gave
3.8 g. of a yellowish liquid boiling at 168-170° at 4 mm., a 787%, yield. The picrate recrystal-
lized from methyl isobuty!l ketone, melted at 199-200°, and at 200-201° when mixed with
the picrate whose analysis is given above. It is possible that some isomerization of the
free base oceurred during distillation.

2-n-Butylaminopyridine. In accordance with procedure (A), 5.9 g. of pyridine and 130
cc. of n-butylamine were heated for one and one-half hours with 5 g. of potassium nitrate
and 20 g. of the amide eutectic. The initial temperature was 110°, finally rising to about
125° at the end of the reaction. A small amount (50 cc.) of water was added to the cooled
mixture to hydrolyze the excess of amide. The butylamine layer was separated, dried
over potassium hydroxide, and distilled to yield unchanged amine, and then 2-n-butyl-
aminopyridine at 125° and 14 mm, The yield of material melting at 42° was 7.2 g. or 64%.
The picrate melted at 135.5°, in fair agreement with the value of Slotta and Franke (16),
138°, who give 45° as the melting point of the free base.

In a repetition of this experiment with omission of the potassium nitrate, 1,600 cc. of gas
(under standard conditions) was collected, as compared with a theoretical of 1,680 cc.
The yield of butylaminopyridine was 60%. If sodium amide alone was used, the reaction
time was trebled, but the amount of gas collected was very close to the theoretical. The
yield of butylaminopyridine in this case was 57%. The yield dropped to 50%, when equiva-
lent molar quantities of the amide eutectic and pyridine were used.

Procedure B. 2-n-Heptylaminopyridine. A mixture of 23 g. of n-heptylamine, 5.5 g. of
the sodium amide potassium amide eutectic, 3.95 g. of pyridine, and 50 cc. of xylene was
heated under reflux (at about 140°) for three hours, with mechanical stirring. The excess
of amide was cautiously decomposed with water and the water layer extracted once with
benzene. The combined benzene and xylene solutions were extracted with 180 cc. of dilute
acetic acid to remove pyridine and then with 129 hydrochlorie acid to remove heptylamino-
pyridine, which was subsequently precipitated by the addition of excess sodium carbonate.
The oil was extracted with ether, the latter evaporated, and the residue crystallized from
low-boiling ligroin. The yield of white needles was 2.0 g. or 21%; the melting point was
45.5-46.0°.
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Anal. Caled for C;:HgoN,: C, 74.96; H, 10.48; N, 14.57.
Found: C, 75.36; I, 10.37; N, 14.29.

An attempt to prepare 2-cyclohexylaminoquinoline by this method was unsueccessful.

Procedure C. 2-Methylaminoguinoline. Twenty-eight grams of the amide eutectic
(0.62 mole), 25.7 g. (0.199 mole) of quinoline, and 22.7 g. (0.224 mole) of potassium nitrate
were placed in an autoclave (17) into which 97 g. of anhydrous methylamine was distilled.
The reactants were heated for four hours at 100-135°, allowed to cool during about two hours
to 70°, and finally cooled to room temperatures by immersion in water. The methylamine
was distilled into a small supply tank, held at 0°, through a connecting lead tube, and the
solid remaining hydrolyzed by adding benzene, followed by a small amount of water. The
thick liquid left after evaporating the benzene was extracted repeatedly with boiling ligroin
(b.p. 55-85°). When each extract had reached a temperature of about 30°, a sticky oil had
deposited; the supernatant liquid was decanted, cooled further to 0°, and stirred, where-
upon white crystals separated. The melting point varied between 68° and 81°, since there
are two crystalline modifications of 2-methylaminoquinoline melting at 71° and at 81-82°
(18). The complete separation of the crystals from the sticky impurity was very tedious.
The yield was 8.1 g. or 269%.

Anal. (m.p. 79-82°). Cale’d for CioHioN2: C, 75.92; H, 6.37; N, 17.71.

Found: C, 75.96; 75.97; H, 6.36, 6.30; N, 17.70, 17.80.

In a repetition of this experiment on a smaller scale, the methylaminoquinoline was dis-
tilled at 6 mm. and 158°, but did not solidify when cool; it was converted to a picrate of
about the right melting point (230-233°; correct, 234-236°).

A second (full scale) repetition with a longer period of heating (5.5 hours at 105° with
approximately 5 hours consumed in heating and in cooling the autoclave) gave a benzene
extract from which brownish erystals separated on concentration. When recrystallized
from benzene (the hot solution was filtered), there was obtained 3.36 g. of crude material
melting at 120-125°, and at 127-128° after several recrystallizations from the same solvent.

Anal. Cale’d for CyoHi2Ng: C,74.96; H, 7.55; N, 17.49.

Found: C, 74.93,74.95; H, 7.44,7.563; N, 17.49, 17.61.

A mixed melting point determination showed that this could not be 2-aminoquinoline;
it may be a monomeric or polymeric dihydromethylaminoquinoline, or perhaps 3-methyl-
2-methylaminoindole, even though a pine splinter reaction was negative.

2-Methylaminopyridine. 2-Methylaminopyridine, b.p. 100-102° at 18 mm. or 85-88°
at 4 mm. was prepared in 2.9 g. (73%) yield by heating pyridine (2.95 g.), methylamine
{about 20 g.), potassium amide (14 g.), and potassium nitrate (2.5 g.) for one and one-half
hours at 90° in a small glass lined tube autoclave. The methylamine was evaporated and
the solid hydrolyzed with a mixture of benzene and a little ice-water; the benzene layer was
distilled in the usual manner. The picrate melted at 188-192°, and at 193-194° after several
crystallizations from methyl isobutyl ketone. Chichibabin (19) reports that the picrate
melts at 190°, and the free base boils at 90° at 9mm. Almost identical results were obtained
with the use of the amide eutectic.

SUMMARY

1. The eutectic of sodium amide and potassium amide, which melts at about
92° (6), is occasionally a better reagent than sodium amide in organic syntheses
since reactions may be carried out with the fused material at moderate tempera-
tures, thereby avoiding surface effects. The yield of l-aminoisoquinoline has
been improved to about 709, but no advantage was found in the use of the
eutectic to prepare aminopyridine or aminoquinoline.

2. 2-Alkylaminopyridines and 2-alkylaminoquinolines are obtained in fairly
good yields by heating the eutectic mixture of sodium amide and potassium amide
with pyridine or quinoline dissolved in a primary aliphatic amine. The follow-
ing compounds have been prepared in this manner: 2-methylaminopyridine,
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2-n-butylaminopyridine, 2-n-heptylaminopyridine, 2-cyclohexylaminopyridine,
2-methylaminoquinoline, 2-butylaminoquinoline (in a crude state), and 2-cyclo-
hexylaminoquinoline, 1-Aminoisoquinoline appears to be the only product
formed when isoquinoline and the amide eutectic are heated in cyclohexylamine.
The theoretical aspects of the reaction are discussed.

3. 2-Aminopyridine (and possibly also 2,6-diaminopyridine) are formed when
pyridine is heated with the arnide eutectic in either diethylamine or in dibutyl-
amine; dialkylaminopyridines have not been isolated.

STanForRD UNIVERSITY, CALIF,
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In another communication (1) the synthesis of a series of non-nuclear sub-
stituted 9-(2-dialkylamino-1-hydroxyethyl)-1,2,3,4-tetrahydrophenanthrenes is
reported. Since certain of these substances possessed marked antimalarial
activity against avian malaria, it became of importance to prepare a variety of
similar nuclear substituted tetrahydrophenanthrene derivatives in order to
examine the effect of such substituents on antimalarial action. The present
communication presents a portion of a cooperative attack on this phase of the
problem and describes the synthesis and proof of structure of representative
dialkylamino carbinols derived from tetrahydrophenanthrene ecarrying a
hydroxyl group in the 7-position. Other substituted amino carbinols will be
described elsewhere.

Acetylation of T7-hydroxytetrahydrophenanthrene (2) yielded 7-acetoxy-
tetrahydrophenanthrene (I). When this was subjected to the Friedel-Crafts
reaction with acetyl chloride according to the general procedure of Bachmann and
Cronyn (3), 7-acetoxy-9-acetyltetrahydrophenanthrene (II) along with a small
amount of 7-hydroxy-9-acetyltetrahydrophenanthrene (III) resulted. The
position of the new acetyl group was demonstrated by the following reactions.
On hydrolysis with hydrochloric acid, IT yielded 7-hydroxy-9-acetyltetrahydro-
phenanthrene (III) which on reduction by the Clemmensen method gave 7-
hydroxy-9-ethyltetrahydrophenanthrene (IV). On the other hand, when 9-
acetyltetrahydrophenanthrene (V) in which the position of the acetyl group
has been proved by Bachmann and Struve (4), was similarly reduced, 9-ethyl-
tetrahydrophenanthrene (VI) resulted. The latter on sulfonation and fusion
of the resulting sulfonic acid with potassium hydroxide yielded 7-hydroxy-9-
ethyltetrahydrophenanthrene, identical with the substance, IV, obtained by
steps I-IV as shown by mixed melting point determinations. Since the position
of the ethyl group in VI, and hence in IV, has been established by Bachmann and
Struve (4), and since the position of the acetoxy group in I, or the hydroxyl
group in IV, has been established by Griffing and Elderfield (2), it follows from
the identity of VI with IV that the acetyl group in II must occupy the 9-position.
In this connection, it is interesting that no 8-acetyl derivative was found in the
products of the Friedel-Crafts reaction, since in the corresponding reaction with
7-methoxytetrahydrophenanthrene, considerable amounts of the 8-acetyl deriva-
tive are formed (2).

1 The work described in this paper was done under a contract, recommended by the
Committee on Medical Research, between the Office of Scientific Research and Develop-
ment and Columbia University.
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Bromination of IT proceeded smoothly in ether to yield 7-acetoxy-9-(w-bromo-
acetyl)tetrahydrophenanthrene (VII), which on condensation with an appro-
priate secondary amine gave the amino ketones (VIII). The amino ketones
were then reduced with aluminum isopropoxide to the corresponding amino
carbinols. However, either during the reduction or on subsequent working up,
the acetoxy group was cleaved so that the final products were 7-hydroxy-9-
(2-dialkylamino-1-hydroxyethyl)tetrahydrophenanthrenes (IX). Evidence for
this cleavage of the acetoxy group is presented in the experimental part of this
communication. The method of synthesis of the amino carbinols was that
successfully used for the preparation of other substances of this general type
(1, 2, 5), with some modifications to fit the particular circumstances encountered.
Amino carbinols of the type represented by IX wherein R is n-amyl (SN-8756),2
n-hexyl, and n-nonyl (SN-8758) have been prepared.

EXPERIMENTAL

7-Acetoxy-1,2,8, j-tetrahydrophenanthrene (I). To 15 g. of 7-hydroxytetrahydrophen-
anthrene was added 250 cc. of acetic anhydride and 26 g. of fused sodium acetate, and the
mixture was refluxed for ten hours. After cooling, it was poured into water. The oil which
separated solidified on stirring and partial neutralization with sodium bicarbonate. The
solid was filtered off, dried and distilled, the fraction boiling at 165-170° at 0.4 mm. being
collected. After recrystallization from alcohol, the acetate formed needles which melted at
82-83°. The yield was practically quantitative,
Anal. Cale’d for CysH;:0:: C, 80.0; H, 6.7.
Found: C, 79.9; H, 6.8.
7-Acetoxy-9-acetyl-1,2,8, 4-tetrahydrophenanthrene (II). The general method of Bach-
mann and Cronyn (3) was used. To a suspension of 28.2 g. of anhydrous aluminum chloride
in 340 ce. of carbon disulfide was added 15.5 cc. (0.206 mole) of pure acety! chloride, and the
mixture was stirred for fifteen minutes. To the mixture was added 220 cc. of sym.-tetra-
chloroethane. The mixture was stirred for another fifteen minutes and then warmed to
45-50° for a few minutes until all the aluminum chloride was dissolved. The solution was
then cooled to 5° and a solution of 25 g. of 7-acetoxytetrahydrophenanthrene (0.103 mole) in
the minimum amount of carbon disulfide was added. The complex separated almost imme-
diately and stirring was continued for an hour, after which the flask was tightly stoppered
and placed in the refrigerator for twenty-four hours. The crystalline yellow complex was
then filtered off, washed with carbon disulfide and air dried. The weight of the crude com-
plex was 40 g. It was added with stirring to excess 5% hydrochloric acid and ice, and after
breaking up the lumps, the crude acetylacetoxytetrahydrophenanthrene was collected,
washed with water, and dried. The yield at this point was 26.4 g. On crystallization from
alcohol, pure 7-acetoxy-9-acetyl-1,2,3,4-tetrahydrophenanthrene was obtained as plates
which melted at 130-131°. The yield was 70%.
Aneal. Cale’d for CisH1:0s: C, 76.6; H, 6.4.
Found: C, 76.7; H, 6.5.
From the mother liquors of the acetylacetoxy derivative, about 5% of 7-hydroxy-9-
acetyl-1,2,3,4-tetrahydrophenanthrene was obtained as needles melting at 221.5-222.5°,
Anel. Cale’d for Cy6H140,: C, 80.0; H, 6.7.
Found: C, 80.1; H, 7.0.

2 The Survey Number, designated SN, identifies a drug in the records of the Survey of
Antimalarial Drugs. The antimalarial activities of those compounds to which Survey
Numbers have been assigned will be tabulated in a forthcoming monograph.
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The above 7-hydroxy-9-acetyltetrahydrophenanthrene was also readily obtained from
the corresponding acetoxy compound by refluxing the latter (3.5 g.) in 50 ce. of hydrochloric
acid (sp. gr. 1.19) and 50 cc. of aleohol for three hours. On refrigerating, the phenol sepa-
rated as needles identical with those obtained above.

7-Hydroxy-9-ethyl-1,2,8, 4-tetrahydrophenanthrene (AV). 7-Hydroxy-9-acetyltetrahy-
drophenanthrene (5 g.) was reduced in the usual Clemmensen procedure using amalgamated
zine (25 g.), acetic acid (45 cc.), toluene (25 cc.), and HCI (45 cc.). The mixture was re-
fluxed for twenty-four hours, during which period three additions of HCl (11 ce. per addi-
tion) were added. After cooling, the toluene layer was separated,the water layer extracted
with ether, and the combined toluene-ether solution dried. The solvent was evaporated
under reduced pressure and the residue recrystallized from carbon tetrachloride. The
yield was 2 g., and the compound melted at 165-166°.

Anal. Cale’d for C,eH,30: C, 84.9; H, 8.0.

Found: C, 84.7; H, 8.2,

9-Acetyl-1,2,3,4-tetrahydrophenanthrene (V) was reduced by the Clemmensen pro-
cedure to give 9-ethyl-1,2,3,4-tetrahydrophenanthrene (3), which was sulfonated in the
usual manner for the sulfonation of naphthalene in the 8-position, to give sodium 9-ethyl-
tetrahydrophenanthrene-7-sulfonate. The product obtained was fused with potassium
hydroxide at 310-320° and the material recrystallized from carbon tetrachloride. The melt-
ing point was 165-166°.

Mixed melting points with varying percentage compositions of the 7-hydroxy-9-ethyl-
1,2,3,4-tetrahydrophenanthrenes prepared by the two methods were found to be identical.

7-Acetoxy-9-(w-bromoacetyl)-1,2,3, 4-tetrahydrophenanthrene (VII). To a suspension of
7 g. of 7-acetoxy-9-acetyltetrahydrophenanthrene in 125 ce. of anhydrous ether was added
dropwise, with constant stirring, 1.37 cc. of bromine. The first few drops of bromine were
added very slowly. After the color had disappeared, the remainder of the bromine was
added more rapidly. Bromination proceeded smoothly at room temperature. When the
reaction was complete, the mixture was chilled and the solid bromo ketone was filtered off
and washed with small portions of cold, dry ether. The crude substance was used for sub-
sequent reactions. The yield was 7 to 8 g. On recrystallization from alcohol the com-
pound formed needles which melted at 154-155°.

Anal. Cale'd for CisHy1sBrOs: C, 59.8; H, 4.7.

Found: C, 60.0; H, 5.0.

7-Hydrozy-9-(2-di-n-amylamino-1-hydrozyethyl)-1,2,8, j-tetrahydrophenanthrene  hydro-
chloride (IX, R = n-CsHy) (SN-8756). In a 200-cc. 3-necked flask equipped with a stirrer,
gas inlet tube and soda-lime tube, was placed a solution of 7 g. of the above bromo ketone in
50 cc. of dry benzene. To this was added 6.1 g. (2 equivalents) of di-n-amylamine and the
mixture was stirred for three hours at room tempersture under nitrogen. After standing
overnight, the separated amine hydrobromide was filtered off and thoroughly washed with
dry ether. The sclvent was removed from the filtrate at reduced pressure under nitrogen,
and the residue was taken up in dry ether, whereupon more diamylamine hydrobromide
separated on refrigerating. This was filtered off and washed with dry ether. If a total of
75% or more of the calculated amine hydrobromide separated the reaction was considered
complete. The ether solution was washed twice with water and then with dilute hydro-
chloric acid, on which the amino ketone hydrochloride separated in crystalline form. The
yield was 5 to 6 g.

The amino ketone hydrochloride was placed in a 250 cc. flask and 60 ce. of 3 N aluminum
isopropoxide solution and 80 ce. of dry isopropyl alcohol was added. The flask was then
connected to an 8-inch Vigreux column and the mixture was fractionated from a steam-bath
under nitrogen until the distillate no longer gave a positive test for acetone with 2,4-dinitro-
phenylhydrazine., Isopropyl alcohol was added intermittently so that the flagk was always
about half full. When the reduction was complete (1 to 3 hours), heating was continued
for another thirty minutes and the contents of the flask were evaporated to dryness under
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reduced pressure. The dark red residue was cooled and shaken with 75 cc. of ether and 50
cc. of 109 sodium hydroxide solution. After decanting the liquid, the residue was again
shaken with ether and sodium hydroxide solution. The combined ether layers were sepa-
rated, and the aqueous layer extracted twice with ether. The combined ether extracts were
washed with water and dried over magnesium sulfate. Dry hydrogen chloride was slowly
passed over the surface of the cooled solution, and crystals of the amino aleohol hydrochlo-
ride slowly formed. After chilling for a few hours, the crystalline material was filtered off and
the ether filtrate again cautiously treated with hydrogen chloride, yielding a second crop.
ether filtrate again cautiously treated with hydrogen chloride, yielding a second crop.
The combined hydrochloride was recrystallized from a mixture of acetone and ethyl acetate.
It formed micro needles which melted at 173.5~174.5° with decomposition.
Anal. Cale’d for CyH, CINO,: C, 71.9; H, 9.3; C18.2.

Cale’d for CosH,CINO,: C,70.6; H,8.9; Cl, 7 4.

Found: C, 72.0; H, 94; CI, 7.9.

Confirmation of the loss of the acetyl group either during the reduction or in working up
the product was provided by saponification experiments.

A solution of 0.3058 g. of the amino carbinol hydrochloride in 20 ce. of 1.4 N alcoholic
sodium hydroxide was refluxed for 3.5 hours. The solution was made acid to phenol-
phthalein with sulfuric acid and distilled to dryness, the distillate being collected quanti-
tatively and titrated for free acid against 0.1042 N sodium hydroxide solution. Cale’d
for the phenol: 6.7 cc. For the acetyl phenol: 12.06 cc. Found: 6.61 ce.

In another experiment 0.2995 g. of the hydrochloride was saponified with sodium hy-
droxide, the solution was made acid to litmus with sulfuric acid and 0.8 g. of silver sulfate
was added to precipitate the chloride ion. The solution was then distilled to dryness and
the distillate titrated for free acid as before. Cale’d for the phenol: 0.00 ce. For the
acetyl phenol: 7.35 cc. Found: 0.51 cc.

A blank determination with 0.2910 g. of 7-acetoxy-9-acetyltetrahydrophenanthrene using
the silver sulfate method gave the following figures: Calc’d for the acetyl phenol: 9.40 cc.
Found: 8.01 cc.

Although the above tests are semi-quantitative, we feel that taken in conjunction with
other data, the presence of the free phenolic hydroxyl group has been demonstrated. The
amino carbinol gave a negative Davidson test (6) for esters, whereas 7-acetoxytetrahydro-
phenanthrene gave a positive test.

7-Hydrozy-9-(2-di-n-hexylamino-1-hydrozyethyl)-1,2,3, 4-tetrahydrophenanthrene  hydro-
chloride (IX, R = n-C¢H,;). This was prepared exactly as was the di-n-amyl derivative
with the following exceptions. The amino ketone hydrochloride ecrystallized from ethyl
acetate as micro needles and melted at 169.5-170.5° with decomposition.

Anal. Cale’d for CyeHCINO: C, 72.8; H, 9.6.

Found: C, 72.5; H, 9.6.

7-Hydrozy-9-(2-di-n-nonylamino-1-hydroxyethyl)-1,2,3, 4-tetrahydrophenanthrene  hydro-
chloride (IX, R = n-CsHy) (SN-8758). This was prepared as was the di-n-amyl derivative
except that the amino ketone hydrochloride was reduced as an oil. The amino carbinol
hydrochloride crystallized from ethyl acetate and melted at 130-131° with decomposition.

Anal. Cale'd for CyH:CINO,: C, 75.0; H, 104.

Found: C, 75.1; H, 10.6.

The microanalyses here reported were carried out by the Misses Frances Marx
and Lois May.
SUMMARY

1. Acetylation of 7-acetoxy-1,2,3,4,-tetrahydrophenanthrene by the Friedel-
Crafts method yields 7-acetoxy-9-acetyltetrahydrophenanthrene.
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2. Representative 7-hydroxy-9-(2-dialkylamino-1-hydroxyethyl)tetrahydro-
phenanthrenes have been prepared.

NEw York 27, N. Y.
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The observation that certain dialkylamino carbinols derived from phenan-
threne possess high antimalarial activity (1) suggested the possibility that similar
derivatives of retene (1-methyl-7-isopropylphenanthrene), I, might also possess
the same property. The use of retene presents obvious advantages over phenan-
threne for a variety of reasons. Retene is potentially available in practically
unlimited amounts at a low cost, and, perhaps more important, in its reaction to
yield acetylretene, the primary compound leading to dialkylamino carbinols, it
yields but one isomer. Phenanthrene, on the other hand, yields at least two
acetyl derivatives under the same conditions, and the isolation of one or more of
these as a pure compound involves at best a long and tedious procedure. Ac-
cordingly, a series of retene-3-amino carbinols derived from 3-acetylretene has
been prepared.
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3-Acetylretene (II) was prepared by a modification of the procedure of Camp-
bell and Todd (2) and 3-(w-bromoacetyl)retene (III) was prepared according to
Adelson and Bogert (3). Reaction of bromoacetylretene with an appropriate
secondary amine led to retene-3-dialkylamino ketones (IV) which were in turn

1 The work described in this paper was done under a contract, recommended by the
Committee on Medical Research, between the Office of Scientific Research and Develop-
ment and Columbia University.
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reduced to retene-3-dialkylamino carbinols (V) by the use of aluminum isopro-
poxide (4). Most of the latter were obtained as crystalline salts only with great
difficulty, and in most cases it was necessary to distill the free bases in a molecular
still in order to secure adequate purification. The properties of the hydrochlo-
rides of the amino carbinols thus prepared are shown in Table 1.

Screening tests against avian malaria on several retene-3-dialkylamino carbi-
nols have been carried out, and the details will be reported elsewhere. It will be
sufficient at this point to state that none of the substances showed significant
antimalarial activity. Whether this is due to the presence of the two alkyl
groups in positions 1 and 7 or whether it is due to the introduction of the dialkyla-
mino carbinol group in position 3 in contrast to position 9 in the active phenan-
threne derivatives is not apparent at present.

TABLE I
HYDROCHLORIDES OF 3-(2-DIALKYLAMINO-1-HYDROXYETHYL)RETENE DERIVATIVES

ANAL,
SN2 ALKYL GROUPS u.p. °C. Caled Found
C H C H
6601 CH, 253-258 74.0 7.9 74.4 8.1
5998 CoH, 129-129.5 74.7 8.4 74.9 8.5
n-CsH 204.5-205.5 75.4 8.8 75.3 8.8
5481 n-CsHn 146-147 76.6 9.4 76.5 9.3
6905 180-CsHn 171.5-172.5 76.6 9.4 76.5 9.4
6600 n-CeHus 126-127 77.2 9.6 77.3 9.6
6906 150-CeHys 149-150 7.2 9.6 77.6 9.6
7165 n-CsHiy 79-80 78.0 10.2 7.7 10.5
n-CoHig 86-87 . 784 10.4 78.4 10.6
EXPERIMENTAL

All boiling and melting points are corrected for stem exposure.

3-Acetylretene, This was prepared by a modification of the procedure desecribed by
Campbell and Todd (2). Since the present method includes what at first sight appear to
be minor variations, but also sinze it gives almost double the yield reported by Campbell
and Todd, it is given in detail. [n order to secure satisfactory yields, it is vital that pure
retene be used.

Enough crude retene (m.p. 80-85°) to fill a 2-liter Claisen flask two-thirds full was
melted and poured into such a flask. The retene was then distilled at 1 mm. pressure, the
fraction boiling at 175-189° being collected. The solidified retene in the receiver was
melted and poured into 5.5 1. of alechol contained in a 12-1. flask, and warmed until all the
retene was in solution. After cooling, the retene was filtered off and dried in vacuo over
calcium chloride for forty-eight hours. As so obtained, retene melts at 98° with pre-
liminary softening at 96°. It is vital that all traces of alcohol and moisture be removed
from the retene for subsequent success in the Friedel-Crafts reaction.

A 3-liter three-necked flask was equipped with a mercury sealed mechanical stirrer, a
trap for hydrogen chloride, an internal thermometer, and a 500-ml. Erlenmeyer flask at-

2 The Survey Number, designated SN, identifies a drug in the records of the Survey of
Antimalarial Drugs. The antimalarial activities of those compounds to which Survey
Numbers have been assigned will be tabulated in a forthcoming monograph.
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tached by a short length of Gooch tubing. To a solution of 250 g. (1.067 moles) of purified
retene in 1200 ml. of dry nitrobenzene contained in the flask was added 150 ml. (2.134 moles)
of acetyl chloride (distilled from dimethylaniline). The flask was then immersed in an
ice-salt freezing-bath and the contents chilled to —5°. Anhydrous aluminum chloride
(290 g.) was then added very gradually with stirring and cooling from the Erlenmeyer flask
at such a rate that the internal temperature did not exceed —5°. The addition of the
aluminum chloride required from 1.5 to 3 hours, depending on the efficiency of the cooling-
bath. When all of the aluminum chloride had been added, the mixture was stirred for an
additional 5 hours at —5° and then allowed to stand in the refrigerator at 5° for 40 hours.
If the temperature is properly controlled, the reaction mixture is reddish-orange in color
throughout the addition of the aluminum chloride and finally becomes bright orange.
Otherwise, the color varies from dark brown to pitch black and the yield suffers accord-
ingly.

The mixture was then poured very slowly into a vigorously stirred mixture of 3200 g.
of cracked ice and 500 ml. of hydrochloric acid (sp. gr. 1.19) at a temperature below 0°.
The hydrolysis must take place below 0°; otherwise, undesirable side reactions occur with
sudden evolution of hydrogen chloride. Ice should always be present during the hydrolysis.
Stirring was continued for another hour. After decanting most of the aqueous layer, the
oily nitrobenzene layer, which varied in color in different experiments from orange to dark
brown, was steam distilled until the nitrobenzene was completely removed. With an effi-
cient system, this distillation requires 5-6 hours.

After cooling, the solidified crude acetylretene was filtered off, air dried, and treated
with decolorizing carbon in 1.5-2.5 1. of boiling ether. The filtered solution was concen-
trated to about 700 ml. and on cooling deposited 200 g. of 3-acetyiretene which melted at
98-99°. On concentration of the mother liquors, a second crop of 30-40 g. melting at 96-98°
was obtained. The yield of first crop material was 689, and the total yield was78-82%.
Campbell and Todd (2) report 3-acetylretene melting at 99.5-100°.

8-(2-Dialkylamino-1-hydrozyethyl)retene derivatives (V). The synthesis of 3-(2-di-
n-hexyl-1-hydroxyethyl)retene may be taken as typical of the method used for the synthe-
sis of the amino carbinols. A solution of 14 g. of 8- (w-bromoacetyl)retene (III) (3), and 14.6
g. of di-n-hexylamine in 400 ml. of anhydrous ether was shaken mechanically overnight.
After chilling in an ice-bath, 10 g. of di-n-hexylamine hydrobromide was filtered off. The
ether filtrate was washed three times with water and dried over anhydrous magnesium
sulfate. On removal of the ether at the water-pump, the amino ketone remained as a
thick syrup. This was reduced directly with 165 ml. of N-aluminum isopropoxide solution
in dry isopropanol, the acetone formed during the reduction being driven off through a
short Vigreux column. From time to time additional isopropanol was added to the reaction
flask so that the volume of the mixture was substantially constant. Reduction was com-
plete in 1.5 hours (negative test for acetone with 2,4-dinitrophenylhydrazine in the distil-
late). The isopropanol was removed from the reaction mixture at the water-pump, and
the dark residue was worked up with 250 ml. of ether until all soluble material had dis-
solved. The ether solution was washed with two 65-ml. portions of 109, sodium hydroxide
solution, then with three 200-ml. portions of water, and finally dried over anhydrous sodium
sulfate. To the ether solution of the amino earbinol, a dilute ethereal solution of hydrogen
chloride was carefully added until no further immediate precipitation occurred. After
refrigerating overnight, 1.1 g. of di-n-hexylamine hydrochloride was filtered off. More
ethereal hydrogen chloride was added to the filtrate until a distinct turbidity appeared.
After refrigerating overnight, 8.8 g. of the amino carbinol hydrochloride had crystallized.
This was recrystallized from dry ethyl acetate, yielding 6.8 g. or 349, of the carbinol hydro-
chloride. The melting points and ansalyses of this and the other carbinols prepared are
shown in Table I.

In the cases of some of the carbinols, it was necessary to subject the free bases to distilla-
tion in a molecular still at about 0.01 mm. pressure before salts could be obtained. In one
or two cases, preliminary purification over the picrates aided in securing crystalline salts.
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As g general rule, the amino ketones were not purified but were reduced directly. How-
ever, it was possible to secure analytically pure samples of two of them.
3-(w-Di-n-butylaminoacetyl)retene picrate was obtained by fusing 0.5 g. of the erude oily
ketone with 0.5 g. of picric acid on the steam-bath. On taking the melt up in hot alcohol
and cooling, the picrate crystallized. After recrystallization from alcohol, it melted at
152-152.5°.
Anal. Cale’d for CiHoNOs: C, 64.3; H, 6.3.
Found: C, 64.6; H, 6.2.
Despite the fact that the amino ketone could be satisfactorily purified in this manner,
it was not possible to obtain a well-defined salt of the earbinol after reduction.
3-(w-Diethylaminoacetyl)retene hydrobromide. Dry hydrogen bromide gas was very
carefully passed over the surface of a dry ether solution of the amino ketone. At first
a light granular precipitate settled out. This soon changed to an oil. The oily amino
ketone hydrobromide readily crystallized from ethyl acetate and melted at 163-164° after
recrystallization from the same solvent.
Anal, Cale’d for CoH3BrNO: C, 67.3; H, 7.1.
Found: C, 67.0; H, 7.0

The microanalyses here reported were done by the Misses Frances Marx and
Lois May.

SUMMARY

Nine 3-(2-dialkylamino-1-hydroxyethyl)retene derivatives have been prepared
for examination as antimalarial drugs.
Details of an improved procedure for preparing 3-acetylretene are given.

New York 27, N. Y.
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A number of branched aliphatic acids isolated from the metabolic waxes and
lipids of mycobacteria not only cause the formation of lesions similar to those
produced by the bacteria, but also inhibit the growth of the organisms (1). The
cyclopentenyl fatty acids from chaulmoogra oil, which can be interpreted as
unsaturated branched fatty acids, as well as some synthetic cyclic or aliphatic
analogs (2), have shown a similar behavior. It appeared interesting to study the
effect of long-chain acids containing heterocyclic basic rings on acid-fast organ-
isms, and this investigation was undertaken in order to explore methods for the
synthesis of such compounds.

Some time after work on this problem had begun, Brody and Bogert published
two articles (3) in which they described syntheses of 10-(a-pyridyl)-decanoic,
and 11-(a-piperidyl)-, 11-(a-pyridyl)- and 11-(2-thiazolyl)-undecanoic acid and
announced that these compounds would be tested as leprocidal agents. We
were especially interested in polycyeclic fatty acids, derived, for example, from
quinoline, acridine, or benzothiazole, because so many drugs containing these
ring systems have proved to be of therapeutic value. After consulting Pro-
fessor Bogert, it was decided that we continue our study, since the poly-
nuclear systems would provide us with an opportunity to introduce in the
molecules of the fatty acid derivatives quinonoid groups which might interfere
with bacterial oxido-reductions. A similar idea has been proposed by Fieser (4),
who prepared a number of homocyclic quinonyl fatty acids, and by Buu-Hoi
and Cagniant (5) who synthesized dihydrochaulmoogryl naphthoquinones as
potential antitubercular agents. The significance of quinonoid structures in
heterocyclic chemotherapeutics has also been pointed out by Schénhéfer (6)
in his biochemical studies of antimalarials in the quinoline series.

The condensation of long-chain carboxy aldehydes with active methyl groups
a or v to cyclic nitrogen atoms, and saturation of the olefinic acids formed in
such reactions, appeared a reasonable approach to some of the desired hetero-
cyclic acids. We studied the reaction of aliphatic aldehydes with quinaldine as
an exploratory measure, and found it proceeded well in a number of cases in
ethanol solution in the presence of a trace of zinc chloride. The alkenylquinoline
thus formed was readily saturated. However, when the same reaction was
tried with various aldehydic esters, no satisfactory results were observed, perhaps
because of the instability of the aliphatic components over the necessary periods
of heating.

It was therefore considered advisable to try out the condensation of quinaldyl-
lithium (I) with esters of w-bromo acids (ITI) which are readily accessible by the

1 quPont Fellow, 1945; Merck Fellow, 1944.

2 Merck Fellow, 1943; at present Ensign, U. S. N. R.
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NNCH, Li

Br(CH;).COOR
A
I 11

Hunsdiecker reaction (7). Although 12-(2-quinolyl)dodecanoic acid was formed
in the reaction with ethyl 11-bromoundecanoate (II, n = 10), the low yield
(7.5%,) did not recommend this procedure for general use. Likewise, 4-methyl-
5,8-dimethoxyquinaldyllithium (III) and ethyl 5-bromovalerate (II, n = 4) gave

CH,0
/NNCH, Li

\VA4
CH;O0 CH;

III

only an unsatisfactory yield of 6-(4-methyl-5,8-dimethoxy-2-quinolyl)-caproic
acid.

The metalation of 2,4-dimethyl-5,8-dimethoxyquinoline with phenyllithium
could lead, conceivably, to a lithium derivative of either the quinaldyl (III) or
lepidyl type. While no definite proof of its structure has been obtained, formula
111 is supported by analogous reactions involving one enolizable methyl group in
2,4-dimethylquinoline. Koenigs and Mengel (8) have shown that the 2-methyl
group of this compound reacts with formaldehyde, since oxidation of the con-
densation product, and decarboxylation of the resulting methylquinolinecarboxy-
lic acid, yielded lepidine.

When esters of monochlorides of dicarboxylic acids (IV) were substituted for

ROOC(CH.),COC1
v

those of w-halogeno acids (II), the over-all yields of heterocyclic aliphatic
acids were improved considerably in several cases. The synthesis proceeded in
two stages, since the keto acids first formed had to be reduced to the fatty acid
derivatives. Thus, 10-keto-11-(4-methyl-5,8-dimethoxy-2-quinolyl)undecanoic
acid (V), obtained from III and ethyl sebacyl chloride (IV, n = 8), was reduced
to 11-(4-methyl-5,8-dimethoxy-2-quinolyl)undecanoic acid; the two methoxyl
groups of this compound were hydrolyzed with hydrobromic acid, and the
p-dihydroxy compound oxidized to the colorless quinonoid acid VI with ferric
chloride (9).

0

CH, 0 )|\
/NNCH, CO(CH,)s COOH l H/N\\(CHz)mCOOH
A A

CH,0 CH, [ om
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The chief difficulty in this synthesis was to find a satisfactory method for the
reduction of the keto acid V. Although keto and keto acid derivatives of
pyridine and similar azine systems sensitive to zinc and hydrochloric acid have
been reduced in a few cases by the Clemmensen method, or catalytically (10}
without attacking the nucleus, we looked for a catalytic method which might be
simpler to execute, and more generally applicable in these series. Hydro-
genations reported in the literature seemed to imply that the complete reduction
of keto groups without reduction of the pyridine ring would be difficult. For
example, Strong and McElvain (11) hydrogenated 3-acetylpyridine in an acid
medium in the presence of Adams’ catalyst and obtained 3-ethylpiperidine.
Similar results were observed by Prelog (12), who hydrogenated ethyl nicotinyl
acetate hydrochloride in ethanol solution with the same catalyst and isolated
ethyl 8-(3-piperidyl)propionate in a yield of 33.59 from this reaction.

Rosenmund and Karg (13) used palladized barium sulfate in hydrogenating
aromatic alcohols, ketones, and nitrogenous ketones to hydrocarbons or amines,
respectively, in glacial acetic acid, or propionic acid solution containing a small
amount of an activator acid. We have applied their method to the reduction of
quinoline keto acids and found the keto groups could be reduced consistently in
excellent yields to methylene without affecting the nucleus. Moreover, neither
uncondensed pyridine rings, regardless of their position relative to the carbonyl
group, nor the benzothiazole ring, are attacked by this method.

In explaining the mechanism of their reduction method, Rosenmund and Karg
suggested that the ketones are first reduced to the corresponding aleohols, and
these tend to esterify under the influence of the activator acid. The esters,
actually formed or potentially present, are then reduced to the hydrocarbon stage.
Perchloric acid proved better than other “esterification catalysts,” which is in
agreement with its superior ability to bring about esterification of cellulose (14).

This mechanism seems supported by observations in one of our experiments.
Encouraged by the smooth reduection of several quinoline keto acids, we decided
to test the method with some pyridyl ketones. In the absence of perchloric acid,
2-acetonyl-6-methylpyridine absorbed only one mole of hydrogen; when a small
amount of the activator acid was then added, hydrogenation was resumed im-
mediately, and absorption was complete as soon as 2-n-propyl-6-methylpyridine
had formed.

As an example of a pyridyl keto ester containing a carbonyl group conjugated
with the ring, ethyl nicotinyl acetate could be reduced to ethyl 8-(3-pyridyl)pro-
pionate without further hydrogenation to the piperidyl derivative (¢f. 12).
From the ester, the hitherto unknown pyridine-3-propionic acid and its amide
(VII) were prepared.

.( \.CHzCHgCONHz

N7/
VII

It was considered of interest to compare quinolyl fatty acids with isosteric
benzothiazole derivatives, and 11-(2-benzothiazolyl)undecanoic acid (VIII) was
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synthesized for this purpose. Lithium 2-methylbenzothiazole (15) reacted
normally with ethyl sebacyl chloride, and the resulting keto acid was reduced
readily to VIII. This indicates the value of the Rosenmund and Karg method
even in a series containing cyclic sulfur stabilized by the resonance energy of the
aromatic ring.

N\ S

| %(OHz)mCOOH
X N

VIII

Since the role of aliphatic acid chains in mycobacteriostatic compounds may
be purely physical, and may perhaps parallel the surface-tension-depressing
properties of compounds containing these groups (16), we prepared the acids
IX and X for comparison with aliphatic-type derivatives.?

/ ’ N\CH20H2©COOH / ]/N\’CHzCHz

\/ NN\
X X

The syntheses of these compounds started from the corresponding 2-(p- or
m-nitrostyryl)quinolines which were reduced to the aminostyryl derivatives
with stannous chloride, or with hydrogen activated by Raney nickel or Adams’
catalyst. The unsaturated amines yielded 4’ - or 3’ - amino-2-phenethylquino-
line, respectively, by hydrogenation over palladized charcoal; the saturated
amines could also be obtained by direct catalytic hydrogenation of the nitro-
styrylquinolines with the same catalyst. They were then subjected to a Sand-
meyer nitrile synthesis, and the nitriles hydrolyzed to the acids IX and X.

Two fatty acid derivatives of acridine, 5-(9-acridyl)valeric acid (XIa), and
9-(9-acridy!l)pelargonic acid (XIb) were prepared by a variation of the Bernthsen
synthesis of 9-alkylacridines (17). Diphenylamine was heated with ethyl
adipyl chloride, and ethyl sebacyl chloride, respectively, and the acids XTI isolated
from the hydrolysate of their esters.

/ \@ O/N\/ N @/N\/
/ t/ / t/

COOH

CICO
(CHg)nCOOEt CHz) COOH
(CHz)nCOOEt
X1 a: n=4
b: n=8

% It may be noted that a similar relation exists between the angostura alkaloids, galipine,
galipoline, and cusparine which contain the phenethylquinoline skeleton, and 2-n-amyl-
quinoline isolated from the same source by Spith and Pikl [Monatsh., 56, 352 (1930) ].
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In the course of this work we also attempted to prepare quinoline quinone fatty
acids having the aliphatic chains attached to the homocyclic ring. It seemed
that 5,8-dihydroxyquinoline-6-(or 7-)carboxylic acid could serve as a starting
material towards such compounds, and we tried to apply the Homeyer and
Wallingford synthesis (18) of 5,8-dihydroxy-6-naphthoic acid to diethyl quino-
linate. However, we were unable to condense this ester with diethyl succinate.

Preliminary in vitro tuberculostatic tests of a few of the acids reported in this
article have been carried out by Professor Frederick Bernheim of Duke University
Medical School. His observations will be published elsewhere.

The authors wish to thank E. I. duPont de Nemours and Co., and Merck and
Co. for Fellowships in the Graduate School of the University of Virginia which
were of aid in this study.

EXPERIMENTAL

All melting points are corrected.

2-(3-Ethyl-1-heptenyl)quinoline. A solution of 25.0 g. (0.14 mole) of quinaldine hydro-
chloride and 58 g. (0.42 mole) of freshly distilled 2-ethylhexaldehyde in 500 ce. of absolute
ethanol was heated under reflux in the presence of about 0.1 g. of anhydrous zine chloride
for eight hours and then allowed to stand for three days at 25° in order to permit a favorable
shift of equilibrium. Fifteen grams of 2-(3-ethyl-1-heptenyl)quinoline hydrochloride was
filtered off. By repeating this procedure twice with the mother liquor, adding each time a
trace of zinc chloride, another 20 g. of the condensation product was obtained. Recrystal-
lization of the hydrochloride from methanol-ether furnished 85 g. (87%) of colorless needles,
m.p. 242-244°,

Anal. Cale’d for C,sH»N-HCL: N, 4.83. Found: N, 4.99.

2-(1-Octenyl)quinoline. This compound was prepared from quinaldine hydrochloride
and heptaldehyde under analogous conditions, but the heating was not repeated since the
first crop of the condensation product amounted to 62% of the calculated yield. The color-
less hydrochloride crystallized from ethanol-ether, m.p. 248-252°.

Anal. Cale’d for CisHyN-HCl: N, 5.08. Found: N, 5.27.

2-(3-Ethylheptyl)quinoline. 2-(3-Ethyl-1-heptenyl)quinoline hydrochloride, dissolved
in 60 times its weight of methanol, absorbed one mole of hydrogen with Adams’ catalyst
under atmospheric pressure in two hours. The colorless hydrochloride was obtained in the
customary manner and recrystallized from methanol-ether. It melted at 247.5-249°.

Anal. Cale’d for CisHysN-HCI: N, 4.80. Found: N, 4.70.

12-(2-Quinolyl)dodecanoic acid. Seven grams of quinaldine (0.049 mole) was added over
a period of five minutes to a stirred solution of phenyllithium prepared from 7.9 g. of bromo-
benzene and 0.8 g. of lithium in 15 cc. of dry ether under an atmosphere of nitrogen. Agita-
tion was continued for two hours, and the quinaldyllithium (19) turned dark red. A solu-
tion of 14.7 g. (0.049 mole) of ethyl 11-bromoundecanoate in 30 ce. of ether was added, and
the mixture boiled spontaneously. After refluxing for ten hours, and standing overnight,
it was decomposed with ice-hydrochloric acid, and the unreacted ethyl 11-bromo-
undecanoate extracted into ether. The acid solution was made alkaline with sodium car-
bonate, and extracted with five portions of ether, the extract dried over sodium sulfate,
and the solvent evaporated. The oily residue, consisting of the desired ester and some
unchanged quinaldine, was refluxed for five hours with 50 ec. of an 8%, ethanolic potassium
hydroxide solution. The alcohol was removed under reduced pressure, the residue taken
up in water, and the basic mixture extracted with ether to remove quinaldine. The aqueous
solution was acidified to pH 6.5 with acetic acid, and 12-(2-quinolyl)dodecanoic acid ex-
tracted with three portions of ether. The oil from this extract erystallized from ether-
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petroleum ether and weighed 1.2 g. (7.5%,). After several recrystallizations, the colorless
material melted at 84-84.5°.

Anal. Cale’d for C;HysNO,: C, 77.02; H, 8.93.

Found: C, 76.70, 76.37; H, 9.17, 8.91.

The hydrochloride, prepared in dry ether, and recrystallized from ethanol-ether, ap-
peared as a colorless solid, m.p. 134-135°.

Anal. Cale’d for CyHNO,-HCI: N, 3.85. Found: N, 4.37.

4-Methyl-6,8-dimethoryquinaldine. The condensation of 2,5-dimethoxyaniline with
acetylacetone (8) yielded a brown solid which was distilled and recrystallized for purifica-
tion. It boiled at 195-200° (6 mm.), and erystallized from ethanol or ethyl acetate as color-
less needles, m.p. 95-96°. This melting point remained unchanged despite repeated dis-
tillations and crystallizations which were carried out in view of the reported melting point
107° (8).

Anal. Cale’d for C3H:NOs: N, 6.45. Found: N, 6.16.

The hydrochloride erystallized as yellow platelets and melted at 235-235.5° as reported (8).

Anal. Calce’d for CisH;NO,-HCL: Cl, 13.97; N, 5.52.

Found: Cl, 13.95; N, 5.77.

Methyl 6-(4-methyl-6,8-dimethozy-2-quinolyl)caproate. Using the same conditions as in
the synthesis of 12-(2-quinolyl)dodecanoic acid, the lithium derivative of 12.3 g. (0.057
mole) of 4-methyl-5,8-dimethoxyquinaldine was condensed with 12.0 g. (0.057 mole) of
ethyl 5-bromovalerate which was prepared from silver ethyl adipate (7). The reaction
mixture was worked up as described before, and the crude solid mixture of unreacted
4-methyl-5,8-dimethoxyquinaldine and ethyl 6-(4-methyl-5,8-dimethoxy-2-quinolyl)-
caproate saponified. Unchanged starting material was removed by extraction of the
alkaline solution of the hydrolysate, and 6-(4-methyl-5,8-dimethoxy-2-quinolyl)caproic
acid extracted from the solution at pH 6.5. 'The red oily acid from the ether extract weighed
0.25 g., and did not lend itself readily to purification. It was therefore esterified with 0.2 g.
of diazomethane in ether solution, and the crude brown methyl ester purified by sublimation
at 75° and 0.1 mm. pressure. The pale yellow sublimate melted at 79-80°.

Anal. Calc’d for CisHasNO,: N, 4.23. Found: N, 4.54.

6-Keto-7-(4-methyl-6,8-dimethozy-2-quinolyl) heptanoic acid. To a stirred solution of the
lithium derivative of 10.62 g. (0.049 mole) of 4-methyl-5,8-dimethoxyquinaldine in 50 cc. of
ether was added a solution of 9 g. (0.049 mole) of ethyl adipy! chloride in 75 cc. of ether in
several small portions under an atmosphere of nitrogen. After the initial spontaneous re-
action the mixture was refluxed for three hours, allowed to stand overnight, poured onto
200 g. of ice containing 5 ce. of hydrochloric acid, and some oily ethyl hydrogen adipate ex-
tracted into ether. The aqueous solution was made alkaline with sodium carbonate and
extracted with ether. The crude keto ester from the extract was hydrolyzed with 100 ce.
of a 109, ethanolic potassium hydroxide solution, the solvent was removed, and the residue
treated with water. Some unreacted starting material was removed by ether extraction,
and the solution neutralized to yH 6.5. The reaction product was extracted into ether, the
dried extract concentrated, and the brown crystalline residue, weighing 4.9 g. (32%), was
recrystallized from about 50 cc. of ethyl acetate. The pale tan feathery needles melted
at 136-137°.

Anal. Cale'd for CyyHauNO;: N, 4.06. Found: N, 3.71.

The methyl ester, prepared with diazomethane in ether solution, was purified by sub-
limation at 75° (0.1 mm.). The reddish semi-solid material was analyzed.

Anal. Cale’d for CpoHasNO;: N, 3.90. Found: N, 3.55.

Methyl 7-(4-methyl-5,8-dimethozy-2-quinolyl)heptanoate. A solution of 4 g. of the keto
acid in 100 ce. of glacial acetic acid containing one drop of perchloric acid was hydrogenated
in the presence of 0.5 g. of palladized barium sulfate (20) under atmospheric pressure. Ab-
gorption of two moles of hydrogen was complete after one hour; the catalyst was filtered,
the solution poured onto 25 g. of ice, and neutralized with saturated sodium carbonate
solution. The heptanoic acid derivative was extracted into several portions of ether; an
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additional amount of the water-soluble reduction product was obtained by evaporating the
neutral solution to dryness, and extracting the residual salt mixture in a Soxhlet apparatus.
The brown residue from the ether extracts was not purified but was esterified with diazo-
methane. The yellowish methy! ester sublimed at 50° and 0.1 mm., and melted at 65-66°.

Anal. Cale’d for CyHyNO4: N, 4.05. Found: N, 3.83.

10-Keto-11-(4-methyl-6,8-dimethoxy-2-quinolyl)undecanoic acid (V). Following the direc-
tions given above for the preparation of the homologous ketoheptanoic acid derivative, 4-
methyl-5,8-dimethoxyquinaldyllithium from 21 g. (0.1 mole) of the base was combined
with 28.6 g. (0.1 mole) of ethyl sebacyl chloride, and the mixture worked up as described
before. The brown solid crude undecanoic acid derivative was reerystallized from ethanol,
and then several times from ethyl acetate. The faintly tan colored needles melted at
134-135°; the yield was 11 g. (27%).

Anal. Cale’d for CosH;INOs: N, 8.49. Found: N, 2.20.

The waxy methyl ester, prepared with diazomethane, was sublimed at 50° (1 mm.), and
the yellow material melted at 59-60°.

Anal. Cale’d for CsHaNO5: N, 3.37. Found: N, 3.13.

11-(4-Methyl-§ ,8-dimethory-2-qguinolyl)undecanoic actd. Five grams of the keto acid,
dissolved in 100 ce. of acetic acid containing one drop of perchloric acid, absorbed two moles
of hydrogen in the presence of 1 g. of palladized barium sulfate at atmospheric pressure in
four hours. The reaction mixture was worked up as described in the analogous case above.
The brown crude reduction product obtained in quantitative yield was recrystallized four
times from hot water. 11-(4-Methyl-5,8-dimethoxy-2-quinolyl)undecanocic acid appeared
as colorless platelets, m.p. 126-127°.

Anal. Cale’d for CpHiNOs: N, 3.62. Found: N, 3.34.

11-(4-Methyl-6 ,8-dihydrozy-2-quinolyl)undecanoic acid. A suspension of 5.0 g. of the
dimethoxy acid in 25 cc. of 489 hydrobromic acid was boiled under an atmosphere of nitro-
gen for nine hours, the mixture was evaporated to dryness under diminished pressure, and
the residue dissolved in about 10 cc. of water containing a little sodium bisulfite. The solu-
tion was buffered with ammonium acetate to pH 6.0, the precipitated colorless dihydroxy
acid filtered, and a small amount of the same material recovered from the filtrate by con-
tinuous extraction with ether. Four recrystallizations from hot water furnished 4.2 g.
(97%) of colorless crystals, m.p. 233-234° (decomp.).

Anal. Cale’d for C;;H2NO,: N, 3.89. Found: N, 3.53.

11-(4-Methyl-6,8-quinonyl-2-quinolyl)undecanoic acid (VI). To a solution of 1.0 g. of
11-(4-methyl-5,8-dihydroxy-2-quinolyl)undecanoic acid in 11 cc. of 1 N hydrochloric acid
was added 6 ce. of a 209 ferric chloride solution. The yellow mixture turned red, and after
one-half hour was neutralized with ammonium hydroxide to pH 6.5. Exhaustive extraction
with ether, and distillation of the solvent, gave brown erystals which were recrystallized
four times from water. The colorless quinonoid acid melted at 128-128.5°; the yield was
06 g. (60%).

Anal. Cale’d for C;HosNO,: C, 70.56; H, 7.61.

Found: C, 70.30; H, 7.71.

10-Keto-11-(2-benzothiazolyl)undecanoic acid. The yellow ethereal solution of lithium
2-methylbenzothiazole, prepared from 29.8 g. (0.2 mole) of 2-methylbenzothiazole and
phenyllithium in the customary manner (15), was treated with a solution of 50 g. (0.2 mole)
of ethyl sebacyl chloride in 50 ce. of dry ether with vigorous stirring under nitrogen. After
the spontaneous reaction had subsided, the mixture was stirred and refluxed for five hours,
allowed to stand overnight, and worked up as in the case of the quinoline analogs. After
saponification of the ester and removal of the aleohol, the alkaline residue was dissolved in
25 cc. of water and extracted with ether to remove unchanged 2-methylbenzothiazole. The
aqueous solution was buffered to pH 6.5, and the yellow precipitate extracted into ether. In
order to avoid any loss of the water-soluble reaction product, the aqueous solution was
evaporated to dryness under reduced pressure, and the residue exhaustively extracted with
ether. Concentration of the combined ether extracts yielded a reddish oil which was dis-
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solved in 10 cc. of hot water and cleared with Darco. On cooling, 1.9 g. of glistening color-
less plates precipitated out which melted, after three more crystallizations, at 128.5-129.5°.

Anal. Cale’d for CisHuNO;S: N, 4.20. Found: N, 3.97.

11-(2-Benzothiazolyl)undecanoic acid (VIII). Absorption of two moles of hydrogen by
the keto acid with palladized barium sulfate in an acetic acid-perchloric acid medium as
described above was complete after five hours. The reduction product was isolated in the
usual manner at pH 6.5, and recovered in quantitative yield by continuous extraction with
ether. Four recrystallizations from a little 509, ethanol, and washing with benzene, ren-
dered colorless rods, m.p. 119.5-120°.

Anal. Cale’d for CisHssNO.S: N, 4.39. Found: N, 4.20,

2-(m-Nitrostyryl)quinoline. (a) Quinaldine was condensed with m-nitrobenzaldehyde
by the method of Wartanian (21). The yield of 2-(m-nitrostyryl)quinoline of m.p. 158-154°
was 837%.

(b) In an application of the method of Koelsch (22), 13.3 g. of m-nitrobenzaldehyde and
one drop of piperidine were added to a solution of 25 g. of quinaldine methiodide in 300 cc.
of absolute ethanol. The mixture was allowed to stand overnight; 9 g. of the crude crystal-
line product was filtered, and another 18 g. was obtained on concentration of the mother
liquors. Four recrystallizations from water yielded 25 g. (709,) of yellow plates of 2-(m-
nitrostyryl)quinoline methiodide, m.p. 253-254° (decomp.).

Anal. Cale'd for CisHi:IN,Os: N, 6.70. Found: N, 6.66,

Decomposition of this methiodide by distillation at 3 mm. pressure, and recrystallization
of the distillate from ethanol, yielded 769, of the calculated amount of 2-(m-nitrostyryl)
quinoline which was characterized by melting and mixture melting points. The over-all
yield in this two-step reaction was thus 53%,.

Anal. Cale’d for Cy7HNyQz: N, 10.14. Found: N, 9.95.

2-(m-Aminostyryl)quinoline. Reduction of 2-(m-nitrostyryl)quinoline with stannous
chloride and hydrochloric acid (21, 23) gave 899, of the amino compound, m.p. 167-168°.
Because the previous investigators had observed lower melting points (158-159°, 160-161°)
the amine was analyzed.

Anal. Cale’d for C7HNo: N, 11.38. Found: N, 11.33.

The reduction of the nitro derivative may be carried out more advantageously by hydro-
genation over a Raney nickel or Adams catalyst in ethanol suspension or solution under
atmospheric pressure over periods of one to six hours. The yields varied from 96-99%,.

The acetyl derivative, prepared from the hydrochloride of the amine with acetic anhydride
and sodium acetate in aqueous solution, crystallized as colorless needles from ethanol,
m.p. 152-154°,

Anal. Cale’d for CisHisN0: N, 9.72. Found: N, 9.54.

The dipicrate was prepared in ethanol solution, and recrystallized from the same solvent
as yellow needles melting at 225-227°.

Anal. Calc’d for C17H14N2'205H3N3073 N, 15.91. Found: N, 15.76.

3'-Amino-2-phenethylquinoline. A solution of 1 g. (0.0041 mole) of 2-(m-aminostyryl)-
quinoline in a mixture of 30 cc. of 0.12% hydrochloric acid and 30 ce. of acetic acid absorbed
0.0041 mole of hydrogen with palladized charcoal (24) at atmospheric pressure in five hours.
The catalyst was filtered and the solution neutralized with sodium carbonate. The satu-
rated amine was thus obtained in quantitative yield as yellow rods, m.p. 165-166°, The
melting point was not changed by repeated recrystallizations from water.

Anal. Cale’d for C7Hi6No: N, 11.28. Found: N, 11.27.

The dipicrate crystallized from ethanol as yellow needles, m.p. 226-228°,

Anal. Cale’d for CyH 16Nz 2C:H;N:07: N, 15.86. Found: N, 15.57.

The acetyl derivative appeared as colorless needles which were recrystallized from
ethanol, and melted at 222-225°.

Anal. Cale’d for CisHisN20: N, 9.65. Found: N, 9.64.

It is noteworthy that neither mixtures of 2-(m-aminostyryl)quinoline and 3’-amino-2-
phenethylquinoline, nor those of their respective dipicrates, exhibited definite depressions
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of their melting points. However, the widely different melting points of the two acetyl
derivatives served to distinguish the two compounds.

8'-Cyano-2-phenethylquinoline. The diazo solution obtained by treating a solution of 7 g.
of 3’-amino-2-phenethylquinoline in 390 cc. of ice-cold 5.9% hydrochlorie acid with 64 cc. of
3.449, sodium nitrite solution was neutralized to litmus with sodium carbonate, and added
slowly to a stirred ice-cold mixture of a solution of 5.6 g. of cuprous cyanide and 3 g. of
sodium cyanide in 240 cc. of water and 80 cc. of benzene (25). After one-half hour, the
solution was warmed to 50° and kept at this temperature for fifteen minutes. It was cooled,
the layers were separated, and the water solution was extracted with ether. The combined
benzene-ether extracts were concentrated. The residual oil was dissolved in dilute acid,
and reprecipitated with sodium carbonate solution. The resulting brown platelets melted,
after recrystallization from ethanol, at 198-199°; the yield was 46%.

Anal. Cale'd for CsHiN,: N, 10.84. Found: N, 10.89.

3-[2-(2-Quinolyl)ethyl Jbenzoic acid (X). A solution of 5 g. of the nitrile just described
in 85 cc. of 4.5 N sulfuric acid was refluxed for one-half hour, cooled, and neutralized to pH
6.5 with sodium carbonate. The oily carboxylic acid was extracted into ether, the residue
from the ether extract dissolved in alkali, and the benzoic acid derivative reprecipitated
with acid. The now amorphous material weighed 5 g. and crystallized from ethanol. Re-
peated recrystallizations from water furnished tan-colored plates, m.p. 214-216° (decomp.).

Anal. Cale'd for CisHsNO;: N, 5.05. Found: N, 5.20.

4'-Amino-2-phenethylguinoline. A solution of 4 g. of 2-(p-nitrostyryl)quinoline (26) in
150 cc. of ethanol was hydrogenated in the presence of palladized charcoal under atmos-
pheric pressure. The nitro compound absorbed four moles of hydrogen in four and one-half
hours. The catalyst was filtered, the solvent distilled, the residue taken up in dilute alkali,
and a pinkish precipitate filtered. After reprecipitation with alkali from its acid solution,
the saturated amine weighed 3.1 g. (88%). It was purified further by sublimation at 75°
(1 mm.), and melted at 107-108°.

Anal. Cale’d for CisHieN,: N, 11.28, Found: N, 10.99.

Bergstrom, Norton, and Seibert (27), who recently prepared this amine by reduction of
4'-nitro-2-phenethylquinoline with stannous chloride, reported the melting point 107-109°.

4-[2-(2-Quinolyl)ethyl lbenzoic acid (IX). Twenty-five grams of 4’-amipo-2-phenethyl-
quinoline was diazotized and converted to the nitrile as described above for the meta isomer.
The crude oily nitrile was hydrolyzed with 150 ce. of 4.5 N sulfuric acid, and 12 g. of the
brown amorphous carboxylic acid precipitated when the solution was neutralized. After
repeated crystallization from ethanol, 1.5 g. of tannish platelets, m.p., 185-187°, was
obtained.

Anal. Cale’d for CieHisNO,: N, 5.05. Found: N, 4.83.

Ethyl nicotinyl acetate. The hydrochloride of this keto ester was dissolved in water, the
solution made slightly alkaline and extracted with ether. The ether extract was frac-
tionated. After distilling off a considerable amount of lower-boiling materials, the yellow
keto ester boiled at 148-150° (2 mm.). Clemo and Holmes (28) reported b.p. 125-135°
(1 mm.).

The picrate crystallized from ethanol as yellow needles, m.p. 133-134°,

Anal. Cale’d for C;oHuNQ; CeH;N;07: N, 13.27. Found: N, 13.21.

Ethyl 8-(3-pyridyl)propionate. A solution of 8.0 g. (0.042 mole) of ethyl nicotinyl acetate
in 75 ce. of glacial acetic acid containing two drops of perchloric acid absorbed 2.1 1. (0.084
mole) of hydrogen under the influence of 0.5 g. of palladized barium sulfate under atmospheric
pressure in two hours. The mixture was worked up in the usual way, and the reduced ester
extracted into ether. After removing the solvent, the ester was distilled; it boiled at 138-
140° (3 mm.), and showed np 1.5138. The yield was 6.8 g. (92%).

The yellow picrate crystallized from ethanol as long needles and melted at 103-104°.

Anal. Calc’d for CwHuNOz'CaHaNaOri N, 13.72. Found: N, 13.61.

B-(3-Pyridyl)propionamide (VII). Two grams of ethyl 8-(3-pyridyl)propionate was
shaken with 5 ce. of 209, ammonium hydroxide overnight, the solution was evaporated to
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dryness, and the yellow solid residue recrystallized from a little dioxane. The colorless
rods melted at 136.5-137°.

Anal. Cale'd for CsHyoN.O: C, 63.98; H, 6.71; N, 18.66.

Found: C, 64.04; H, 6.41; N, 18.59,

B-(3-Pyridyl)propionic acid. The ethyl ester was saponified with a 10% ethanolic solu-
tion of potassium hydroxide, and the hydrolysate worked up in the customary manner.
We did not succeed in purifying the free acid, but the picrate crystallized readily from
ethanol. The orange needles melted at 112-113°.

Anal. Cale’d for CsHyNO, CeH;N;O7: N, 14.73. Found: N, 14.45.

2-n-Propyl-6-methylpyridine. One gram of 2-acetonyl-6-methylpyridine,t dissolved in
30 ce. of glacial acetic acid, was reduced by the method of Rosenmund and Karg (13); two
moles of hydrogen was absorbed in nine hours. The catalyst was filtered, the solution
made alkaline with sodium hydroxide, and the oily reaction product extracted with ether.
The yellow oily residue from this extract weighed 0.9 g. Its picrate crystallized from
ethanol as long yellow needles, m.p. 134-134.5°,

Anal. Cale’d for CiHyN-CgH,N07: N, 15.38. Found: N, 15.09.

§-(9-Acridyl)valeric acid (X1 a). A mixture of equimolecular amounts of ethy! adipyl
chloride and diphenylamine was heated with a small amount of anhydrous zinc chloride at
temperatures ranging between 180° and 220° for thirty hours. The dark brown liquid mix-
ture was saponified by boiling with 8%, ethanolic sodium hydroxide solution for three hours
the solid sodium salt dissolved in water, and unreacted diphenylamine removed by ether
extraction. The alkaline solution was acidified, again extracted to remove adipie acid,
and then carefully neutralized to phenolphthalein. A brownish solid precipitated; it was
filtered and recrystallized from boiling pyridine. The yield was 12%. The compound
dissolved to give a yellow solution in alkali, and showed a green fluorescence in acids. It
melted at 265-269° (decomp.) after some sintering.

Anal. Cale’d for CisH17NO;: N, 5.01. Found: N, 4.88.

The hydrochloride crystallized from ethanol-ether solution as colorless needles, m.p.
179-180°.

Anal. Cale’d for CisH17NOy-HCl: N, 4.44. TFound: N, 4.60.

When ethyl hydrogen adipate was substituted for ethyl adipyl chloride (cf. ref. 17 and
similar directions), the yield dropped to 5%.

9-(9-Acridyl)pelargonic acid (XIb). Equimolecular quantities of ethyl sebacyl chloride
and diphenylamine were condensed as described above for the lower homolog. The reaction
product crystallized as faintly violet needles from pyridine, m.p. 207-208° (decomp.); the
yield was 319,.

Anal. Cale’d for CooHsNO,: N, 4.18. Found: N, 4.29.

The hydrochloride crystallized from ethanol-ether as glistening colorless needles, m.p.
178.5-179.5°.

Anal. Cale’d for CyuHasNO,-HCL: N, 3.77. Found: N, 3.73.

The acid exhibits a yellow-green fluorescence in dilute acid solution while alkaline solu-
tions display a purple color.

SUMMARY

1. Aliphatic aldehydes were condensed with quinaldine under mild conditions,
and the olefinic reaction products saturated catalytically.

2. Quinaldyllithium, and 4-methyl-5,8-dimethoxyquinaldyllithium reacted
with esters of w-halogeno acids to yield small amounts of the corresponding
quinolyl fatty acids.

3. Substituting esters of monochlorides of dicarboxylic acids for those of
w-halogeno acids, keto acids were obtained which were hydrogenated to fatty
acid derivatives by the method of Rosenmund and Karg (13).

4 The preparation of this ketone will be reported in a later communication.
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4. Lithium 2-methylbenzothiazole, subjected to similar reactions as quinaldine,
yielded a 2-benzothiazolyl fatty acid.

5. Ethyl nicotinyl acetate was reduced to ethyl -(3-pyridyl)propionate by
the method of Rosenmund and Karg, and other pyridyl ketones could be reduced
likewise without hydrogenating the pyridine ring.

6. Two w-(9-acridyl) fatty acids, and two quinoline derivatives with an
aliphatic-aromatic acid chain were prepared.

7. A 5,8-quinonoid quinolyl fatty acid was synthesized.

CHARLOTTESVILLE, VA.
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The action of alkaline reagents upon a considerable variety of phenylated
carbonyl bridge compounds has been described in previous papers (1, 2, 3). In
each instance the bridge was cleaved at one end, with consequent formation of a
carboxyl group. Bridged compounds in which the phenyl groups at the ends of
the bridge are replaced by methyl groups are conveniently considered together,
because they exhibit other reactions in addition to cleavage of the bridge at one
end.

It was previously recorded (4) that the bimolecular product, I, obtained from
o, B-dimethylanhydroacetonebenzil appeared to dissociate in most reactions so
that in solution it was equivalent to 2,5-dimethyl-3,4-diphenyleyclopenta-
dienone, II. A number of addition products from the latter, already described,
were treated with alkaline reagents. Observations were complicated in some
instances by the presence of secondary products resulting from a primary dis-
sociation of the substances into their components. However, it was usually
possible to isolate some of an acid, formed by cleavage of the bridge at one end.
The characteristic reaction of alkaline reagents is, thus, observed in this series
where the phenyl groups at the bridgehead are replaced by methyl groups.

CH,
/ ‘\ CeHs
CeHs CO\ _'"—%ECGHE CsHsC=CCH3
/
N\l CHs\ / CoH;C=CCH,
CH; (”/
0
1 II

The most striking difference between the methylated and phenylated series
is the occurrence of reduction of the carbonyl bridge in the former. An endo-
carbinol is obtained in certain instances. Hitherto no reduction products of
carbonyl bridge compounds, in which either the carbonyl group or the double
bond of the ring is reduced (5), have been prepared by the action of reducing
agents.

The ketone, I1I, is smoothly reduced to the carbinol, IV, by sodium or sodium
ethoxide in dry ethanol. Piperidine is without action. The carbinol can be
distilled #n vacuo unchanged; it forms an acetate, V, when treated with acetyl
chloride, and a chloride, VI, with thionyl chloride; it evolves one equivalent of
methane from methylmagnesium iodide.

268
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CH, CH;
/N / l\
CsH,s CGH5 \
- CoO - — o HCOH’C - ——  Acetate, V
Cs N ‘ /Uetls SN ] Yol
N/ N/
CH;, CH;
111 v

With ethanolic potassium hydroxide, however, the ketone, 111, appears to
undergo a dissociation, for the principal product is 2,5-dimethyl-3,4-diphenyl-
3-cyclopentenone, VII (6). It was identical with a specimen prepared as de-
seribed in the literature, and it gave the same tetrabromide, VIII, and 2,4-
dinitrophenylhydrazone.

]l3r ][31'
CsH50=CCH3 6H50~—CHCH3 CH;C—CCH;,
III —» A4 AN
C C 0 — C=0
IV —» AR
C¢H;C=CCH, C HsC'—CHCHz CGHS?—?CHs
Br Br
IX VII VIII

+ C¢H;CH=CH.

When the carbinol, IV, was heated at atmospheric pressure, it distilled in two
fractions; the first was styrene (identified by physical properties and conversion
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to the dibromide), while the second was this same cyclopentenone, VII. The
mechanism is assumed to be a dissociation of the carbinol into styrene and the
cyclopentadienol, IX, which rearranges into the stable cyclopentenone, VII.
A similar case was recently deseribed (7) in which an endocarbinol dissociated
into styrene and an enol, which was stable enough to be isolated.

This series of reactions was confirmed by use of the indene derivative, X.
With sodium ethoxide this gives a carbinol, XI, but with alcoholic potassium
hydroxide, the same cyclopentenone, VII.

To make sure that reduction had proceeded as indicated, the indene, X, was
catalytically reduced to XII, using palladium charcoal; the two reduction prod-
ucts were different and isomeric. The carbinol has one active hydrogen, as
expected, while the ketone, XII, gives a 2,4-dinitrophenylhydrazone, as does X.

The bridged anhydride, X111, gives no evidence of reduction, the formation of
a tricarboxylic acid, XIV, taking place quantitatively when it is treated with
alkaline reagents.

o H CH,
CoH l Cco )< H
° 5( CO | =0 — O COOH
CiH, \ 0 o oo
\/ SN N
GH, o
¢H, COOH
XTI X1V

With the bridged ketone, XV, however, all types of reaction already deseribed
occur. With ethanolic sodium ethoxide, reduction to the ecarbinol, XVI, takes
place; this diol readily formed a diacetate, XXVI. With methanolic sodium
methoxide, reaction is very slow; there is but a slight change after a short time.
Longer refluxing results in mixtures from which can be isolated a monocarbinol,
XVII, and a little bimolecular product, I. The latter presumably results from
dimerization of the dienone formed by dissociation of the starting material. The
monocarbinol is assigned the structure, XVII, because it can be heated to 250°
without change; no carbonyl bridge compound is known that would withstand
such treatment (5).

The use of methanolic potassium hydroxide gave mixtures. From these were
isolated the acid, XVIII, its methyl ester, XXV, and the monocarbinol, XVII.
The acid, XVIII, could not be esterified by means of thionyl chloride, followed
by methanol, but readily formed the methyl ester, XXV, with diazomethane.

The bimolecular produet, I, obtained from «,B-dimethylanhydroacetonebenzil
can be distilled 7n vacuo; the relatively low boiling point and red color indicate
that it is distilling as the dissociated monomer, II. It is not surprising, there-
fore, to find that with alcoholic alkali it likewise gives the cyclopentenone, VII,
though in a low yield.
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The lower homolog, XIX, of the cyclic ketone was refluxed for 15 hours with
ethanolic potassium hydroxide; the intensely red solution was diluted and after
appropriate manipulation and vacuum distillation, a hydrocarbon, C,;Hi, was
obtained. This hydrocarbon is represented as 3,4-diphenylcyclopentadiene,
XX, because it easily adds methyl acetylenedicarboxylate to form an ester, XXI,
and because of the production of a blue fluorescence with concentrated sulfuric
acid; this latter behavior was noted with the isomeric 2,4-diphenyleyclopenta-
diene (8).

cH
Ce¢H;C—CH, C¢H;C=CH ‘/‘\
AN N CeH;C CCOOCH;
CO — CH, —— | CH
7 / CeH:C CCOOCH;
CGH5C'—‘CH2 CeHsC'——-CH \ /
CH
XIX XX XXI1

When the results described in this and in the preceding papers are compared
certain conclusions can be drawn as to the course of reaction that may be ex-
pected between carbonyl bridge compounds and alkaline reagents. If there are
pheny! groups at the ends of the bridge (XXII, R = CsHjy), the latter is cleaved
at one end, so that the product is a carboxylic acid. If there are methyl groups
at the ends of the bridge, reduction to a carbinol takes place. If there are methyl
groups or hydrogen at one or both ends of the bridge, and a side chain containing
an unsaturated linkage of such a nature that upon enolization a double bond
can be formed between the ring and the side chain (XXIII, R, R’ = CH;, H),
all possible types of reaction can be expected. The keto group in the side
chain may be reduced to give a carbinol.

R
o0 ' (b
Z

—CR"
NGoR” 1&7/ |
OH
XXII XXIII
EXPERIMENTAL

1. The bimolecular product, I, (4, 10), distilled very smoothly at 200-204°/3 mm. ; the vapor
and condensate were orange-yellow. The latter crystallized when triturated with ethanol,
and had the same melting point as the starting material when recrystallized from acetic
acid. The yield was 669 ; there was some residue which was not investigated.

II. The 4,7-dimethyl-6,6-diphenyl-8-0x0-4,7-methano-8a,4,7,7a-tetrahydroindene, X, was
obtained in a practically quantitative yield by four hours’ refluxing of 13 g. of the bimolecu-
lar product, I, 7.5 cc. of cyclopentadiene, and 85 cc. of benzene, evaporating the mixture
to dryness and recrystallizing it from methanol or propanol-1; m.p. 139°. The 2,4-dinitro-
phenylhydrazone, prepared in the usual manner, formed orange rods, m.p. 204°.

III. Action of alkaline reagents. The general procedure was the same ag that deseribed
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in the earlier paper (3). The rate of cleavage of the bridge by alkaline reagents can be de-
termined by titrating samples taken at intervals. The details of the reduction reaction
will be given here.

A. 1,4-Dimethyl-2,8,6-triphenyl-7-hydrozy-1, 4-methano-1,2,8, 4-tetrahydrobenzene, IV. A
suspension of 65 g. of the ketone, III, in 1 1. of absolute ethanol was refluxed during the
addition of 25 g. of sodium, cut in large pieces. After the metal had disappeared, the solu-
tion was refluxed for four hours and then filtered from 4.1 g. of resinous material. Water
(21.), was added, and the product (62.5 g.) slowly crystallized. It was finely ground and
extracted with 700 cc. of hot ligroin (b.p. 90-120°), filtered from 2 g. of red resinous material,
and treated with Norit. After standing, 50 g. of the carbinol, IV, separated from the red
solution in prisms, m.p. 140-141°. The yield of recrystallized product was 83%. When
acetic acid was used as a solvent for purification, the product retained a molecule as solvent
of erystallization, and melted at about 108-110°, dependent on the rate of heating; a single
recrystallization of this from ligroin (b.p. 90-120°) raised the melting point to 140-141°.
Methanol was likewise retained, the crystals melting at 90-92°,

The same carbinol resulted from the use of sodium ethoxide on the ketone, III, but
piperidine was found to have no action. Data for all analyses are collected in Table 1.
The most suitable solvent for many of these compounds is a petroleum fraction. Traces
of solvent are held tenaciously so that correct analytical results are difficult to obtain;
most samples had to be “dried’’ in vacuo at about 100°.

The acetate, V, was obtained by refluxing for one hour a solution of 2 g. of the carbinol
in 15 ce. of acetyl chloride, removing the excess halide, and reecrystallizing from ligroin
(b.p. 90-120°); it melted at 110°.

The chloride, VI, was obtained praetically quantitatively by refluxing the carbinol with
thionyl chloride, removing the excess in vacuo, and recrystallizing from ligroin (b.p. 90~
120°); it melted at 108°.

B. 4,7-Dimethyl-5,6-diphenyl-8-hydrozy-4,7-methano-3a,4,7,7a-tetrahydroindene, X1, was
prepared in a similar manner by reduction of the corresponding endocarbonyl compound, X;
it melted at 126°.

Upon reduction with hydrogen in the presence of a palladium charcoal catalyst, the cor-
responding hydrindene, XII, m.p. 106°, resulted. It gave a yellow 2,4-dinitrophenyl-
hydrazone, m.p. 264°.

C. Anhydride of 1,4-dimethyl-5,6-diphenyl-1,2,8,4-tetrahydrobenzene-1,2,8-tricarbozylic
acid, XIV. The preparation of this substance required 9.5 hours’ refluxing of XIII with
0.5 N aleobolic potassium hydroxide. The anhydride was isolated in a yield of 95%; it
melted at 207-210°.

Decomposition of the carbinol, IV. The carbinol (15 g.) was heated in an all-glass ap-
paratus using a metal-bath; a fraction slowly distilled when the bath temperature was 310~
320°. This was found to be styrene, b.p. 144-146°; its dibromide, m.p. 71°, was identical
with an authentic sample. The yield of styrene was 4 g. (949,). The temperature was
then raised to 340° to ensure complete removal of styrene, the flask and contents were al-
lowed to cool to about 100°, and the residue was distilled in vacuo. The distillate (b.p.
210-215°/15 mm,; 8.7 g., 81%,) proved to be the known (6) 2,5-dimethyl-3,4-diphenyl-3-
cyclopentenone, VII, m.p. 120-121°; a mixed melting point with an authentic sample was
not depressed. The tetrabromides, m.p. 180°, were also identical. The 2,4-dinitrophenyl-
hydrazone formed bright red plates, m.p. 208-211°.

This same ketone, VII, was obtained in a yield of 119, by the action of 109, alcoholic
potassium hydroxide on the bimolecular product, I.

D. Benzoylated series. The ketone, XV, did not go into solution as fast as the other
bridged compounds when heated with alcoholic alkaline reagents; consequently, side re-
aetions gave rise to intractable materials, rendering isolation of homogeneous products
tedious and purification difficult.

After 15 g. of the ketone, XV, had been refluxed with 9 g. of potassium hydroxide in 120
cc. of ethanol for 18 hours, the deep red solution was diluted with water and worked up by
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suitable manipulation. An ethereal extract was distilled ¢n vacuo, and the 5-g. fraction,
b.p. 200-280°/2 mm., was collected ; this proved to be Japp’s ketone, VII. Acidification of
the aqueous layer gave the acid, XVIII, m.p. 248-252°, There was also about 10% of a red
polymeric material, which began to form as soon as the ketone was added to the hot alkaline
solution; this behavior was never observed when methanol was used. When these same

TABLE 1
Propvucrs FroM CARBONYL BRIDGE COMPOUNDS
ANALYSES
NO. SUBSTANCE .2, °C, l?ggﬁéﬁf‘ Calc'd, % Found, %
C H N C H N
v Carbinol 140-141 | CpHz0
Carbinol: C;:HO, 108-110 | CyeH300: 81.71 7.1 — I81.5| 7.2 —_—
A% Acetate 110 CyH0: 85.04 6.9 | — 85.1| 7.0 | —
VI Chloride 108 CyHa:Cl — 1 — 192 —| — | 9.5
VI Japp’s Ketone 121 CiHi 0 87.1| 6.9 [262% [87.1] 6.8 }260°
DNPH of VII 211 CzﬁH22N4O4 —_ — 12,71 — -_— —
X Addition Product 139 C2H20 88.4/ 6.7 | — [88.2] 6.7 | —
DNPH of X 204 CsoH25N404 —— —_— 11.1} — —_ 11.1
XII Hydrindene 106 CauH10 87.81 7.3 — [88.0| 7.4 | —
DNPH of XII 264 CioHgNO; — | — | 11.0} —| — | 11.0
XI Carbinol 126 C2H30 87.8/ 7.3 | — [88.0| 7.5 | —
XIII Acid 207-210 | C23H2005 73.4{5.3| — |73.4/ 6.4 —
XVI Diol 173 CosH2s0: 4.8/ 7.1 | — 84,5/ 7.3 | —
XVII1 Carbinol 173 CasH02 85.3] 6.6 | — 185.6)/ 6.9 | —
XVIII | Acid 248-252 | CagHaeOs 81.9/6.3{ — (82.0/ 6.3 | —
XX Cyclopentadiene 161 CiHu 03.6 6.4 [218¢ [93.7] 6.4 |214¢
XX1 Methyl ester 115 CasH2004 76.71 5.6 | — [76.5| 5.4 | —
XXI1V | Monoacetate 65-67 | CioHasOs 82.6/ 6.4 | — [82.6{ 7.1 | —
XXV Ester 172 CasH10s 82.0 6.7 |424¢ [81.7} 6.8 | —
XXVI1 | Diacetate 158 CyH3204 20.0/ 6.7 | — [80.1/ 6.7 | —

e o7, Chlorine; ® mol. wt. in boiling benzene; ¢ mol. wt.

reagents were allowed to stand at room temperature for three days, the only recognizable
products were vinyl phenyl ketone and Japp’s ketone, VII.

This acid, XVIII, was very stable, being distillable ¢n vacuo; b.p. 270°/3 mm. It could
not be esterified by treating first with thionyl chloride, and then with methanol, but gave
the methyl ester, XXV, m.p. 172°, with diazomethane in ether.

Methanolic potassium hydroxide, after seven days, gave a 48% yield of the acid, XVIII,
and the monocarbinol, XVII, in 189, yield; the latter formed an acetate, XXIV, m.p. 65°,
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with acetyl chloride. After only three days a mixture resulted, from which separation of
pure compounds required more than a month; from this mixture were isolated the methyl
ester, XXV, m.p. 173°, the carbinol, XVII, and vinyl pheny! ketone (identified as diphenyl-
pyrazoline, m.p. 152°). )

Methanolic sodium methoxide reacted with the ketone, XV, very slowly; the only recog-
nizable products were a little of the monocarbinol, XVII, and a small amountof the bimolec-
ular product, 1.

In one day, however, ethanolic sodium ethoxide gave the diol, XVI, m.p. 173°, in a 709,
vield, as the only recognizable material. The diol can be distilled without change, b.p.
260-270°/8 mm., if traces of acid are scrupulously excluded. The diol gave a diacetate,
m.p. 159°, with acetyl chloride, followed by recrystallization from ligroin, b.p. 70-90°.

The ester, XXV, behaved abnormally when a molecular-weight determination was car-
ried out. It gave a value of 490 in boiling carbon tetrachloride, but 386 in benzene,

When treated quantitatively with methylmagnesium iodide (11), the monocarbinol,
XVII, evolved 1.7 moles of gas and added 0.3 mole of reagent, totaling 2 moles of reagent
consumed. One mole of the gas evolved was obviously from the carbinol hydrogen. It
is known (12, 13) that the Grignard reagent can bring about enolization of many ketones;
this is not always quantitative, but the total reagent used approximates one equivalent for
the carbonyl group. A portion added before there was time for the enolization to become
complete. Thus, in the instance just cited 0.3 mole had reacted by addition, whereas 0.7
had been decomposed by the enolic form. It may be pointed out that the parent ketone,
XYV, was almost completely enolic, showing 0.8 active hydrogen and 1.2 addition (4).

1V. 8,4-Diphenylcyclopentadiene, XX. A solution of 14 g. of 3,4-diphenyleyclopente-
none (9) in 100 cc. of absolute ethanol containing 8.4 g. of potassium hydroxide was refluxed
for 15 hours. The initially deep red solution darkened appreciably. At the end of this
time, 500 cc. of water was added, and the mixture was boiled, cooled, and extracted with
ether. The extract was treated with Norit, dried, the solvent removed, and the residue was
distilled, up to 250°/3 mm. being collected. The distillate was crystallized from butanol,
from which 3.6 g. (28%,) of the hydrocarbon, XX, m.p. 161°, separated. It dissolved in
concentrated sulfuric acid with formation of a brown color and very strong, deep blue fluo-
rescence.

Methyl 6,6-diphenyl-1, b-methano-1, 4-dihydrobenzene-2, 3-dicarbozylate, XXI., A mixture
of 0.5 cc. of methyl acetylenedicarboxylate and 0.3 g. of 3,4-diphenyleyclopentadiene was
heated at 170-180° for one-half hour; methanol was added to the cooled melt, and the ester,
m.p. 115°, was recrystallized from this solvent.

V. Hydrogenation.! Attempts to hydrogenate the ketone, III, were unsuccessful. In
one instance glacial acetic acid was selected as the solvent, and 959, alcohol in another.
The catalysts were palladium on barium sulfate, and palladium hydroxide on calecium
carbonate. There was no take-up of hydrogen at room temperature or at 60°. To be sure
the catalysts were active and apparatus was functioning, a little carotene was introduced at
the end of each run—it was promptly reduced.

SUMMARY

The action of alkaline reagents on certain carbonyl bridge compounds, having
methyl groups at the bridgehead, is described. While they resemble the corre-
sponding phenylated compounds in certain respects, some of them differ in two
ways.

In one, the carbonyl bridge is reduced so that a compound containing a car-
binol bridge is formed, while in the other, dissociation occurs, so that secondary
products result.

1 We are indebted to Dr. E. M. Shantz, of Distillation Products, Inc., for these hydro-
genation results.
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Neither the carbonyl group nor the double bond was reduced by hydrogen in
the presence of palladium catalysts.

A diphenyleyclopentenone is reduced by aleoholic potassium hydroxide to a
diphenyleyclopentadiene.

RocuesteERr 4, N. Y.
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THE PREPARATION OF 8-QUINOLINESULFONIC ACID!
G. E. McCASLAND
Recetved January 31, 1946

At the time this work was started, 4-chloro-8-quinolinesulfonic acid was ur-
gently needed as a synthetic intermediate for the preparation of a 4-dialkyl-
aminoalkylamino-8-quinolinethiol, for test as an antimalarial. Two possible
routes to the former (previously unreported) compound were the sulfonation of
4-chloroquinoline, and the chlorination of 8-quinolinesulfonic acid. Since there
appeared to be no assurance that the sulfonic group would enterthe 8-position of
4-chloroquinoline, we chose the second method, and planned to convert 8-quin-
olinesulfonic acid into the 4-chloro derivative via the N-oxide (1).

The preparation of 8-quinolinesulfonic acid, at first expected to be a routine
matter, was soon found to be a minor research project in itself, due to the con-
fusing and contradictory state of the literature on quinolinesulfonic acids, most
of which was published in the years 1881-1889. Some of the reasons for this
confusion will now be described.

When quinoline is heated with concentrated or fuming sulfuric acid, sulfona-
tion occurs in the benzene ring in the 5- (“ana’’), 6- (“para’), 7- (“meta’), or 8-
(“ortho”) positions, depending on the conditions. The early literature was
confused by a failure to distinguish between the 5- and 7-isomers, both of which
were called “meta”. The prefixes “e’” and “f” were also used to refer to the 8-
and so-called “meta’” isomers, respectively, while in current quinoline nomen-
clature they indicate the 2- and 3- positions. Since the isomeric sulfonic acids
obtained melt unsharply above 300°, they cannot be identified, or their purity
established, by means of melting points. It is therefore particularly essential
that the method of preparation be exactly specified, and that a convenient means
of characterizing the product be offered. But it was found that in fact each
reference was lacking in one or several of the essential details: time, temperature,
quantities of reactants, method of isolating product, yield, and identity and
homogeneity of the product.

Lubavin (2), who first sulfonated quinoline, in 1870, said nothing about the
possibility of isomerism. Bedall and Otto Fischer (3) attempted to identify
Lubavin’s product by fusion with sodium hydroxide to a hydroxyquinoline. The
results were uncertain because not all the hydroxyquinolines were then known,
because 7-hydroxyquinoline does not melt sharply, and because alkali fusion
might cause rearrangement. They therefore tried conversion of the sulfonic
acid to a nitrile by heating with potassium cyanide. A crystalline quinolineni-
trile (now known to be the 5-isomer) was isolated, and for identification was
hydrolyzed to a quinolinecarboxylic acid, for comparison with the Skraup re-

1 The work described in this article was done under a contract recommended by the Com-
mittee on Medical Research, between the Office of Scientific Research and Development and
the University of Rochester.
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action product from m-aminobenzoic acid. Unfortunately, this Skraup reaction
could theoretically yield either the 5- or 7-quinolinecarboxylic acid (although it
is now known to yield mainly the 5-). Actually Lubavin’s product probably
consisted mainly of 8-quinolinesulfonic acid. In a later paper (4), Fischer re-
ported that presumably pure 8-sulfonic acid, due to a rearrangement, yielded
mainly the crystalline so-called “meta’” (actually 5-) nitrile, and only a small
amount of the 8-nitrile (as an oil).

Such rearrangements appear to have caused a mistaken belief that certain
sulfonation products were a mi