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PREFACE TO THE SERIES

In the course of nearly every program of research in organic chemistry
the investigator finds it necessary to use several of the better-known
synthetic reactions. To discover the optimum conditions for the appli-
cation of even the most familiar one to a compound not previously
subjected to the reaction often requires an extensive search of the liter-
ature; even then a series of experiments may be necessary. When the
results of the investigation are published, the synthesis, which may
have required months of work, is usually deseribed without comment.
The background of knowledge and experience gained in the literature
search and experimentation is thus lost to those who subsequently have
occasion to apply the general method. The student of preparative or-
ganic chemistry faces similar difficulties. The textbooks and labora-
tory manuals furnish numerous examples of the application of various
syntheses, but only rarely do they convey an accurate conception of the
scope and usefulness of the processes.

For many years American organic chemists have discussed these prob-
lems. The plan of compiling critical discussions of the more important
reactions thus was evolved. The volumes of Organic Reactions are col-
lections of chapters each devoted to a single reaction, or a definite phase
of a reaction, of wide applicability. The authors have had experience
with the processes surveyed. The subjects are presented from the pre-
parative viewpoint, and particular attention is given to limitations, in-
terfering influences, ellects of structure, and the selection of experimental
techniques. Each chapter includes several detailed procedures illustrat-
ing the significant modifications of the method. Most of these proce-
dures have been found satisfactory by the author or one of the editors,
but unlike those in Organic Syntheses they have not been subjected to
careful testing in two or more laboratories. When all known examples
of the reaction are not mentioned in the text, tables are given to list
compounds which have been prepared by or subjected to the reaction.
Every effort has been made to include in the tables all such compounds
and references; however, because of the very nature of the reactions dis-
cussed and their frequent use as one of the several steps of syntheses in
which not all of the intermediates have been isolated, some instances
may well have been missed. Nevertheless, the investigator will be able

v



vi PREFACE TO THE SERIES

to use the tables and their accompanying bibliographies in place of most
or all of the literature search so often required.

Because of the systematic arrangement of the material in the chapters
and the entries in the tables, users of the books will be able to find in-
formation desired by reference to the table of contents of the appropriate
chapter. In the interest of economy the entries in the indices have been
kept to a minimum, and, in particular, the compounds listed in the tables
are not repeated in the indices.

The success of this publication, which will appear periodically, de-
pends upon the cooperation of organic chemists and their willingness to
devote time and effort to the preparation of the chapters. They have
manifested their interest already by the almost unanimous acceptance
of invitations to contribute to the work. The editors will welcome their
continued interest and their suggestions for improvements in Organic
Reactions.
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CHAPTER 1

THE PECHMANN REACTION
SuresH SETHNA * AND RAGINT PHADKE

Royal Institute of Science, Bombay
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INTRODUCTION

H. v. Pechmann found that coumarin derivatives are formed when
malic acid ! or B-ketonic esters? are condensed with phenols in the
presence of concentrated sulfuric acid. This reaction, which is com-
monly known as the Pechmann reaction, has found extensive appli-
cation.

HO OH , CO,H H,s0, HOF® 13C0
+ ] ——=> \ l
CH,CH(OH)CO,H St 2CH
H

0
H ~CO
HO OH czHﬁozcEH 1,50, o@[ ]
HOCCH, C¢CH
CH,

Simonis and his co-workers **? used phosphorus pentoxide as the
condensing agent in place of sulfuric acid and demonstrated that with
the same reactants chromones rather than coumarins resulted. It was

HOCCH,
OH CH 1'3CCH;
+ — By
CZH5020 « CH

shown later, however, that chromones were not always the reaction
products. The condensation of a phenol and 8-ketonic ester in the pres-
ence of phosphorus pentoxide is sometimes called the Simonis reaction,

! v. Pechmann, Ber., 17, 929 (1884).

Z Pechmann and Duisberg, Ber., 16, 2119 (1883).
3 Petschek and Simonis, Rer., 46, 2014 (1913).

1 Simonis and Lehmann, Ber., 47, 692 (1914).

5 Simonis and Remmert, Ber., 47, 2229 (1914).
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but it is actually merely a variation of the Peclimann reaction and will
be so considered in this chapter. Other condensing agents that have
been used are phosphorus oxyechloride, phosphoric acid, zine chloride,
aluminum chloride, hydrogen chloride, ferric chloride, stannic chloride,
titanic chloride, sodium acetate, sodium ethoxide, and boric anhydride.

By condensing appropriately substituted phenols and g-ketonic
esters, coumarins can be synthesized with substituents either in the
benzene nucleus or in the heterocyclic ring or in both. These compounds
can then be used for the preparation of other products like coumarino-
a-pyrones, coumarino-y-pyrones, furocoumarins, chromenes, couma-
rones, and 2-acylresorcinols.® The Pechmann reaction has also been
employed in the syntheses of several naturally occurring coumarins &’
and in the investigations of natural products like rotenone ® and canna-
binol.% ¢

The course of this reaction depends on all of the three factors: the
nature of the phenol, the nature of the S-ketonic ester, and the con-
densing agent.

MECHANISMS OF THE REACTIONS

Condensation of Malic Acid with Phenols. The condensation of
malic acid with phenols takes place according to Pechmann! in three
stages. The malic acid is first converted into malonaldehydie acid and
formic acid, which is decomposed into water and carbon monoxide.

HO,CCH(OH)CH,CO,H — HCO,H + CHOCH,CO,H

In the second stage, the union of the aldehyde with the phenol results in
the formation of an unstable addition product. Two molecules of water
are then eliminated, and the coumarin derivative is formed. Malon-
aldehydic acid contains a carbonyl group in the 8 position and resembles
ethyl acetoacetate in its reaction with a phenol to give a coumarin.

OH OH
CHOCH,C0,H —> —>
@ *+ CHOCH,CO, ©CH(0H)CHZCOQH
O\
co
LR+ o
_CH
CH

8 Sethna and Shah, Chem. Revs., 36, 30 (1945).

7 Spath, Ber., T0A, 83 (1937).

8 Bridge, Crocker, Cubin, and Robertson, J. Chem. Soc., 1937, 1530.
9 Ghosh, Todd, and Wilkinson, J. Chem. Soc., 1940, 1121,

10 Adams and Baker, J. Am. Chem. Soc., 63, 2405 (1940).
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Condensation of B-Ketonic Esters with Phenols. To cxplain the
formation of coumaring from g-ketonic esters and phenols, Pechmann
and Duisberg ? suggested that the reactive hydrogen of the phenol in
the ortho position to the hydroxyl group adds to the carbonyl of the
S-ketonic ester to give an intermediate hydroxy ester (I). Ring closure
may then take place with the elimination of a molecule of water and
one of ethanol.

Ahmad and Desai !t have pointed out that the effectiveness of such
condensations depends on the reactivity of the hydrogen in the ortho

OH
(ll(OH)CHzCOZ C,H;
/ CH,

N o

©OH . GOCH,C0,C,H, l ~co
I e

\ / CH,
OH
(ll =CHCO,C,H{

CH,
II

position to the hydroxyl group and on the substituents in the g-ketonic
ester. The feeble tendency of phenol itself to condense is enhanced by
the presence of electron-donating groups such as CHs, OH, OCHj3, NH,,
NHCH3, N(CHj),, and halogens in the meta position to the hydroxyl
group but is depressed or almost eliminated by electron-attracting groups
such as NO,, SOs3H, CO,H, CO,CH3, COCHj;, CN, and CHO in the
same -position.’? Since no intermediates have been isolated this course
for the reaction is purely speculative.

A slightly different view has been advanced by Robertson and his
co-workers.® They observed that 2-methoxy-8,4-dimethylcinnamic
acid was converted into 4,7-dimethylcoumarin in the presence of 869
sulfuric acid and, further, that m-tolyl methyl ether and the dimethyl
ether of resorcinol gave rise to 4,7-dimethylcoumarin and 7-methoxy-4-
methylcoumarin, respectively. From this experimental evidence they
conclude that the cinnamic acid derivative (II) is formed as an inter-
mediate product.

I Ahmad and Desai, Proc. Indian Acad. Sci., 6A, 6 (1937) [C. A., 32, 559 (1938)].

12 Desai and Ekhlas, Proe. Indian Acad. Sci., 8A, 567 (1938) [C. A., 33, 3356 (1939)].
13 Robertson, Waters, and Jones, J. Chem. Soc., 1932, 1681.
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N O
ch‘ ~ OCH, H,C co
\__JC=CHCO,H ~CH

(IJH 3 / CH,

H,C OCH
: [::] 3 4+ CH,COCH,CO,C,Hj

Two different mechanisms for chromone formation have been pro-
posed. Robertson and his co-workers suggest that the first stage in the
reaction results in a phenoxy acid (or its ester) by the interaction of the
enolic form of the ester and phenol with the removal of a molecule of
water. The phenoxy derivative then undergoes ring closure to a
chromone. In support of this mechanism they cite the synthesis of

0
OH HoﬁCHs “CCH,
+ H — %
CHoé |H
zreTe C,H,0,C

e
O\ECH3
06 H
chromones from phenoxyfumaric acid and 8-phenoxycinnamic acid by
Ruhemann and co-workers.*

According to Ahmad and Desai," in the formation of chromones, the
reactive hydrogen of the phenolic hydroxyl reacts with the ethoxyl of the
B-ketonic ester to give an aryl ester of the acid (III). This assumption is
based on the evidence that only those phenols that do not contain a
reactive hydrogen ortho to the hydroxyl group give chromones in the
presence of phosphorus pentoxide as condensing agent. The aryl ester
then undergoes an isomeric change analogous to the Fries migration
forming an o-hydroxybenzoylacetone (IV) which is dehydrated to the
chromone derivative (V). They assume the transformation to be
possible in view of the work of Schonberg and Mustafa!®* on Fries
rearrangements with phosphorus pentoxide. They suggest also that
the specific action of phosphorus pentoxide is to facilitate the formation

4 Ruyhemann and co-workers, J. Chem. Soc., 77, 984, 1119 (1900); 79, 470, 918 (1901).
B Schonberg and Mustafa, J. Chem. Soc., 1943, 79.
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of 1II or IV or both since the conversion of IV into V muay be accom-
plished with the help of any dehydrating agent. The formation of the

A Nou  §0:CHs
|~ -+ CH, —
\ COCH, 8,

éocm
111

OH ccH3
—_
COCH,COCH; éH

v
v
intermediate diketone 1V in the syntheses of chromones by the IKos-
tanecki acylation of o-hydroxyketones has been proved by Baker.!s
Formation of 6-Hydroxycoumarin Derivatives in Presence of An-
hydrous Aluminum Chloride. The formation of 5-hydroxycoumarin
derivatives in the condensations of resacetophenone, 4-nitroresorcinol,
and methyl B-resorcylate in preference to the 7-hydroxycoumarin
derivatives is obviously due to the greater reactivity of the usually
inaccessible 2-position of the resorcinol nucleus in these compounds.
Shah and Shah !7 have explained this on the basis of chelation between
the hydroxyl group and the ortho-substituted group, thus fixing the
double bonds.'#1%20 The point of attack is consequently the carbon
atom joined by a double bond to that bearing the other hydroxyl group;
resacetophenone and ethyl acetoacetate condense with the formation of
5-hydroxy-6-acetyl-4-methylcoumarin. The formation of a 5-hydroxy-
coumarin from methyl g-resorcylate and 4-nitroresorcinol in the presence
of aluminum chloride can be explained similarly.

O\
0H+ CH,COCH,CO0,C,H °
CH,C 8 2mmeTEns CH,C -

I i
o OH ) oH CH,

Baker 1? believes that aluminum chloride may prevent chelation; but,
since 5-hydroxycoumarins are formed mainly or exclusively in good
yields in the above condensations, it appears that this reagent not only
fails to prevent chelation but may even promote it, for other condensing

18 Baker, J. Chem. Soc., 1933, 1381.

17 Shah and Shah, J. Chem. Soc., 1938, 1424.

18 Mills and Nixon, J. Chem. Soc., 1930, 2510.

? Baker, J. Chem. Soc., 1934, 1684,
20 Baker and Lothian, J. Chem. Soc., 1936, 628.
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agents generally produce derivatives of 7-hydroxycoumarin. This view
also finds support in the work on the formylation of methyl g-resor-
cylate # and 4-acylresorcinols; % the Gattermann reaction in the
presence of anhydrous aluminum chloride in dry ether leads to formyl-
ation in the 2 position, in the case of resacetophenone yielding 2-formyli-
resacetophenone.

SCOPE AND LIMITATIONS

The reactivity of the various simple and substituted phenols and
B-ketonic esters in the Pechmann reaction, with sulfuric acid as the
condensing agent, will be discussed first, and the role of the condensing
agents second.

Reactivity of Phenols. It isfound that, of the simple mono-, di-, and
tri-hydric phenols, resorcinol is the most reactive, and it condenses with
many substituted and cyclic -ketonic esters. Almost equal in reactivity
are phloroglucinol, a-naphthol, and pyrogallol. Phenol, quinol, and
g-naphthol, however, usually give low yields of products. Phenol, for
example, gives only about a 3% yield of 4-methylcoumarin on con-
densation with ethyl acetoacetate in the presence of sulfuric acid,
and it does not condense at all with many other g-ketonic esters. Cate-
chol does not condense even with ethyl acetoacetate.

Among the substituted phenols it is found that the reactivity depends
both on the nature and on the position of the substituent in the phenol.
Alkyl groups in general have very little inhibiting effect in the Pechmann
reaction; halogens exert somewhat more. When substituents like the
nitro and the carboxyl groups are present, the reactions may not take
place at all.?2% This is exemplified by the non-reactivity of o-, m-, or
p-nitrophenol and simple phenol carboxylic acids with ethyl acetoacetate
and other g-ketonic esters. The rate and degree to which a coumarin is
produced depend, however, on the position of the substituent. m-Cresol
condenses very readily with ethyl acetoacetate and a number of other
B-ketonic esters,?”?® p-cresol less readily,>?® and o-cresol not at all, even
with ethyl acetoacetate.?® m- and p-Chlorophenols react with ethyl
acetoacetate, but o-chlorophenol does not react.?® m-Dimethylamino-
phenol condenses with acetonedicarboxylic acid, but the ortho and para

2 Shah and Laiwala, J. Ckem. Soc., 1938, 1828.

2 Shah and Shah, J. Chem. Soc., 1939, 132.

% Shah and Shah, J. Chem. Soc., 1940, 245.

% Pechmann and Kraft, Ber., 34, 421 (1901).

% Clayton, J. Chem. Soc., 93, 2016 (1908).

% Dey, J. Chem. Soc., 107, 1606 (1915).

¥ Fries and Klostermann, Ber., 39, 871 (1906).

2 Fries and Klostermann, Ann., 362, 1 (1908).
® Chakravarti, J. Indian Chem. Soc., 9, 31 (1932).
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compounds are inert.”® Thus in many monohydrie phenols g substituent
in the ortho position has the maximum inhibiting effect, less if the same
gubstituent is in the para position, and least when it is in the meta
position.

The influence of substituents in the resorcinol nucleus on the Pech-
mann reaction has been investigated. In molecules where substituents
in the 4 position cause the reaction to take place with some difficulty, the
same substituents in the 2 position have less effect. Resorcinols with
alkyl groups in the 2 or 4 position react as readily as resorcinol. Even
4-hexadecylresorcinol condenses smoothly with ethyl acetoacetate in the
presence of sulfuric acid.?® Alkyl groups in the 5 position change the
course of the reaction, and, instead of the 7-hydroxycoumarin de-
rivatives, the 5-hydroxy isomers are obtained; an exception is in the
condensation with malic acid. Thus orcinol %33 and other 5-alkyl-
resorcinols 3935 with ethyl acetoacetate and other S-ketonic esters give
5-hydroxycoumarin derivatives. Orcinol with malic acid gives a
7-hydroxycoumarin.®® 40 *

O
H,80, H3C CO
2=

_CH

HO @ OH HO  cm,

0

CH ~
® 4 HO,CCH,CHOHCO,H -2, HO@[C go
_CH

cH, “H

4-Chlororesorcinol condenses smoothly with a number of g-ketonic
esters like ethyl a-alkylacetoacetates, ethyl benzoylacetate, and diethyl

+ CHZCOCH,CO,C;Hj

3 Chudgar and Shah, J. Univ. Bombay, 18, Pt. 3, 18 (1944) [C. A., 39, 4078 (1945)].

3 Krishnaswamy, Rao, and Seshadri, Proc. Indian Acad. Sci., 19A, 5 (1944) [C. A.,
39, 1153 (1945)].

% Pechmann and Hancke, Ber., 34, 354 (1901).

3 Chakravarti, J. Indian Chem. Soc., 8, 407 (1931).

3 Shah and Shah, J. Indian Chem. Soc., 19, 481 (1942).

% Kotwani, Sethna, and Advani, Proc. Indian Acad. Sci., 15A, 441 (1942) [C. A., 31,
624 (1943)].

* Russell, Todd, Wilkinson, Macdonald, and Woolfe, J, Chem. Soc., 1941, 169.

¥ Russell, Todd, Wilkinson, Macdonald, and Woolfe, J. Chem. Soc., 1941, 826.

# Adams, Loewe, Jelinek, and Wolff, J. Am. Chem. Soc., 63, 1971 (1941).

¥ Pechmann and Welsh, Ber., 17, 1646 (1884),

80 Sastry, J. Indian Chem. Soc., 19, 403 (1942).

* 7-Hydroxy-4,5-dimethylcoumarin, which cannot be obtained by the direct conden-
sation of orcinol with ethyl acetoacetate, has been prepared by the decarboxylation of
7-hydroxy-4,5-dimethylcoumarin-8-carboxylic acid formed by the condensation of p-orsel-
linic acid with ethyl acetoacetate. Sethna and Shah, J. Indian Chem. Soc., 17, 211 (1940).
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acetosuccinate, and with acetonedicarboxylic acid.®+*#*  4-Bromo-
resorcinol reacts similarly.®® The condensation of resorcinols with
halogen substituents in the 2 and 5 positions has not been studied.
2-Nitroresorcinol forms coumarins with ethyl acetoacetate and ethyl
a-methylacetoacetate but not with higher «-alkylacetoacetates.t!
4-Nitroresorcinol, however, does not condense with ethyl a-methyl-
acetoacetate.” It is thus obvious that the nitro group has a greater in-
hibiting effect on the reaction in the 4 position than in the 2 position.

Compounds with a carbomethoxyl group in the 4 position react more
readily than those with a carboxyl group; B-resorcylic acid will con-
dense with ethyl acetoacetate,’® but methyl 8-resorcylate reacts smoothly
not only with ethyl acetoacetate but also with ethyl a-alkylacetoacetates
and several other S-ketonic esters.*>#*® This suggests that coumarin
carboxylic acids with a carboxyl group in the benzene nucleus may be
prepared preferably through the ester of the phenolic acid and subse-
quent hydrolysis of the coumarin ester. The only example of the use of
resorcinol derivatives with the carboxyl or carbomethoxyl groups in the
2 and 5 positions is that of 2-resorcylic acid, which condenses smoothly
with ethyl acetoacetate.®®

An acyl group in the 4 position completely prevents the Pechmann
reaction, for resacetophenone does not react with ethyl acetoacetate in
the presence of sulfuric acid.®® 2-Acyl- or 2-aroyl-resorcinols present no
such difficulty, for 2-acetyl-'7 and 2-benzoyl-resorcinol * with ethyl aceto-
acetate give an acetyl- and benzoyl-coumarin, respectively. 4-Ethyl-
2-acetylresorcinol also condenses with several ethyl a-alkylacetoacetates
and with ethyl benzoylacetate.

4 Chakravarti and Ghosh, J. Indian Chem. Soc., 12, 622 (1935).

2 Shah and Shah, J. Indian Chem. Soc., 19, 486 (1942).

4 Chakravarti and Mukerjee, J. Indian Chem. Soc., 14, 725 (1937).

# Chakravarti and Banerjee, J. Indian Chem. Soc., 14, 37 (1937).

4 Shah, Sethna, Banerjee, and Chakravarti, J. Indian Chem. Soc., 14, 717 (1937).

# Sethna and Shah, J. Indian Chem. Soc., 17, 37 (1940).

" Sethna and Shah, J. Indian Chem. Soc., 15, 383 (1938).

4 Desai, Gaitonde, Mehdi Hasan, and Shah, Proc. Indian Acad. Sci., 25A, 345 (1947)
[C. 4., 42, 1913 (1948)].

¥ Limaye and Kulkarni, Rasayanam, 1, 251 (1943) [C. A., 38, 4264 (1944)].

% Agarwal and Dutt, J. Indian Chem. Soc., 14, 109 (1937), reported the formation of
coumarin derivatives in the condensation of resacetophenone with malic acid, ethyl aceto-
acetate, and ethyl a-alkylacetoacetates in the presence of sulfuric acid. This work has
been completely disproved by a number of workers, and it has been shown that condensa-
tion does not take place. See refs. 51, 52, and 53.

! Limaye, Rasayanam, 1, 101 (1937) (C. A., 32, 2099 (1938)].

& Chakravarti and Chakravarty, Science and Cullure, 8, 244 (1937) [C. 4., 32, 1255
(1938)].

8 Sethna, Shah, and Shah, J. Chem. Soc., 1938, 228.

% Limaye, Ber., 67, 12 (1934).

% Desai and Mavani, Proc. Indian Acad. Sci., 14A, 100 (1941) (C. 4., 36, 1599 (1942)].
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The capacity of hydroquinone to undergo the Pechmann reaction is
not great. When a chlorine atom is present in the hydroquinone the
reaction takes place even less readily, and the presence of a bromine
atom or acetyl group prevents the reaction completely. On the other
hand, greater reactivity is observed when a methyl or ethyl group is
substituted in the hydroquinone. 2-Methyl- and 2-ethyl-hydroquinone
form coumarins with ethyl benzoylacetate and ethyl a-alkylaceto-
acetates; but quinacetophenone and 2-bromohydroquinone do not
condense even with ethyl acetoacetate, and 2-chlorohydroquinone reacts
with difficulty. Hydroquinone, its 2-chloro- and 2-bromo-derivative,
and quinacetophenone do not condense with ethyl benzoylacetate.?®

Of the trihydroxy compounds, 4-ethylpyrogallol and ethyl pyrogallol-
carboxylate condense readily with ethyl acetoacetate, ethyl «-alkyl-
acetoacetates, and ethyl benzoylacetate. Gallic acid, its methyl and
ethyl esters, pyrogallolcarboxylic acid, and gallacetophenone do not
undergo the coumarin condensation with these same S-ketonic esters.®

Phloroglucinol and many of its derivatives, methylphloroglucinol,58
dimethylphloroglucinol,’® methyl phloroglucinolcarboxylate,?® phloro-
acetophenone, and phlorobenzophenone give coumarins with ethyl
acetoacetate. The reaction with other S-ketonic esters has not been
studied.

1,2,4-Triacetoxybenzene and ethyl acetoacetate in the presence of
759, sulfuric acid condense to give 6,7-dihydroxy-4-methylcoumarin.®0
No condensation of a substituted 1,2,4-trihydroxybenzene with a
B-ketonic ester has been reported.

a-Naphthol derivatives with chlorine or bromine in the 4 position
react with ethyl a-alkylacetoacetates and other g-ketonic esters like
ethyl benzoylacetate, diethyl acetonedicarboxylate, and diethyl ace-
tosuccinate. 4-Bromo-a-naphthol appears to be less reactive than
4-chloro-a-naphthol.®* In the condensation of 4-acetyl-, 4-propionyl-,
and 4-butyryl-e-naphthol with 8-ketonic esters, the acyl group is elim-
inated.’? Substituted S-naphthols have not been studied.

Attempts to condense cyclohexanol and dimethyl dihydroresorcinol
with acetonedicarboxylic acid did not succeed.?®

Certain miscellaneous compounds not included in the previous dis-
cussion have been condensed with malic acid and B-ketonic esters in
the presence of sulfuric acid. Resorcinol and other polyhydroxyphenols

% Desai and Mavani, Proc. Indian Acad. Sci., 154, 11 (1942) [C. 4., 36, 6151 (1942)].

57 Desai and Mavani, Proc. Indian Acad. Sct., 15A, 1 (1942) [C. A., 36, 6150 (1942)].

% Fujise and Maruyama, J. Chem. Soc. Japan, 55, 1013 (1934) [C. 4., 29, 4008 (1935)].

% Sethna, J. Univ. Bombay, 9 (pt. 3), 104 (1940) [C. A., 35, 6948 (1941)].

50 Vliet, Org. Syntheses, 4, 45 (1924).
81 Chakravarti and Bagehi, J. Indian Chem. Soc., 13, 649 (1936).
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will not react satisfactorily with two molecules of ethyl acetoacetate
or malic acid simultaneously, but the pure hydroxycoumarins formed by
the condensation of one molecule of ethyl acetoacetate or malic acid
will react with a second molecule of ethyl acetoacetate or malic acid to
produce coumarino-e-pyrones.®>% The condensation of hydroxycou-
marins with malic acid takes place more readily than with ethyl ace-
toacetate, though the condensation of many simpler aromatic hydroxy
compounds with malic acid is more difficult than with ethyl aceto-
acetate. The dihydroxycoumarins derived from pyrogallol and ethyl
acetoacetate will react with malic acid ® but not with ethyl aceto-
acetate.

Hydroxychromones do not undergo condensation with malic acid.*

Hydroxythiophene derivatives react with g-ketonic esters to yield
thiocoumarin derivatives.®® 66

H,C > OH H,C > O\co
I |7 + CHZC0CH,CO,CH, — 27| | b
=

CH,
Reactivity of Malic, Maleic, and Fumaric Acids. The condensation
of malic acid with phenols leads to coumarins which are unsubstituted
in the pyrone ring. This procedure is therefore an alternative method
for the synthesis of coumarins that are difficult to obtain by Perkin’s
method from o-hydroxy aromatic aldehydes. There are, however,
limitations in the preparation of coumarins by this method: malic acid
does not condense with many substituted phenols, and, when it does
condense, the yields are often low and tarry products are obtained.
Malic acid condenses only in the presence of sulfuric acid; other con-
densing agents fail.
Fumarie and maleic acids have been found to condense with p-cresol
in the presence of sulfuric acid to give 6-methylcoumarin in good
yield.®? % The encouraging results in this condensation justify a more

2 Rangaswami and Seshadri, Proc. Indian Acad. Sci., 6A, 112 (1937) [C. A., 32, 559
(1938)].

% Sen and Chakravarti, J. Indian Chem. Soc., 6, 793 (1929).

% Rangaswami and Seshadri, Proc. Indian Acad. Sci., 9A, 7 (1939) [C. A., 33, 4244
(1939)].

% Mentzer, Billet, Molho, and Dat Xuong, Bull. soc. chim. France, 12, 161 (1945)
[C. A., 40, 865 (1946)].

% Mentzer and Billet, Bull. soc. chim. France, 12, 292 (1945) [C.A., 40, 2828
(1946)].

 Pondorff, Ger. pat. 338,737 (1921) [C. A., 16, 3488 (1922)].

% Thompson and Edee, J. Am. Chem. Soc., 47, 2556 (1925)
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detailed investigation of the condensation of these acids with other
phenols.

0

OH , CH—CO,H ~Co

+ 0 — |

H,C CH—CO,H H,C C/CH

Reactivity of B-Ketonic Esters. Ethyl acetoacetate probably con-
denses in its enol form with the phenols. B-Ketonic esters with sub-
stituents likely to increase the enolization or stabilize the enolic form
should therefore be more active than ethyl acetoacetate, and those with
substituents that tend to decrease the enolization or lead to a less stable
enol form should be less reactive. Substituents in a S-ketonic ester may
be attached to the a-carbon atom or the y-carbon atom, and they provide
a means of obtaining coumarins with different substituents in the
heterocyclic ring. Cyelic S-ketonic esters, and B-ketonic esters with
heterocyclic rings, have also been condensed with phenols. The re-
activities of these esters differ very widely.

Ethyl a-chloroacetoacetate has been condensed with a number of
phenols to yield 3-chlorocoumarins.?%3%4669 The condensation with
this ester is smooth and the reactions closely parallel those with ethyl
acetoacetate. The corresponding a-bromo ester has not been studied.

In ethyl a-alkyl- and «-aryl-acetoacetates the reactivity varies with
the nature of the « substituent. With methyl, ethyl, propyl, butyl, allyl,
phenyl, and benzyl groups as « substituents the condensation with re-
active phenols is satisfactory, but with less reactive phenols the yields
are generally poor and the condensation may be inhibited completely.
Thus with m-cresol the a-ethyl derivative of ethyl acetoacetate gives a
poorer yield than the a-methyl derivative; a-propyl- and a-phenyl-
acetoacetates do not react.?”? FEthyl c-allylacetoacetate, however,
condenses with m-cresol easily.” B-Naphthol does not react with ethyl
a-ethyl-, a-propyl-, or e-isopropyl-acetoacetate.”™ FEthyl a-(a-hy-
droxy-8,8,8-trichloroethyl)acetoacetate with various phenols gives
satisfactory results.”»”7 Thus the presence of a heavy « substituent
like —CH(OH)CCIl; does not appreciably inhibit the Pechmann reac-
tion and has less effect than an «-ethyl substituent.

The Pechmann reaction of diethyl acetosuccinate and diethyl aceto-

5 Chakravarti and Banerjee, J. Indian Chem. Soc., 13, 619 (1936).

0 Naik, Desai, and Desai, J. Indian Chem. Soc., 6, 83 (1929).

"t Chakravarti, J. Indian Chem. Soc., 9, 389 (1932).

2 Kulkarni, Alimchandani, and Shah, J. Indian Chem. Soc., 18, 113 (1941).

8 Kulkarni, Alimchandani, and Shah, J. Indian Chem. Soc., 18, 123 (1941).

™ Shah and Kulkarni, J. Univ. Bombay, 10 (pt. 3), 86 (1941) {C. A., 36, 3796 (1942)]
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glutarate, which have —CH>CO,C:H; and —CH,CH,CO,C,Hj as sub-
stituents in the a position, with various phenols has been systematically
studied. Diethyl acetosuccinate condenses with very reactive phenols
and also with m-cresol, 2-acetyl, 2-benzoyl-, and 4-chloro-resorcinol, and
4-chloro-a-naphthol, but not with phenol, o-cresol, p-cresol, hydro-
quinone, catechol, 4-chlorophenol, B-resorcylic acid, resacetophenone,
or gallic acid.* 757 The presence of a carbethoxyalkyl group as a
substituent in the g-ketonic ester results in a molecule of greater re-
activity than one in which an alkyl substituent is present; diethyl aceto-
suceinate is as reactive as or even more reactive than the corresponding
ethyl a-alkylacetoacetates. Similar observations have been made with
diethyl a-acetoglutarate.”” With substituents such as cyano or aceto
the condensation takes place with the elimination of the group and the
formation of the unsubstituted coumarin,46 78

Other a-substituted ethyl acetoacetates that have been studied are
ethyl o-carboxybenzylacetoacetate,” ethyl phthalylacetoacetate,” ethyl
benzoylacetoacetate,®4¢ diethyl acetylmalonate,® and ethyl diacetyl-
acetate.®? The first two have been condensed with resorcinol and a few
other reactive phenols in the presence of dry hydrogen chloride in acetic
acid to form coumarin derivatives. When ethyl benzoylacetoacetate and
ethyl diacetylacetate react with resorcinol, the acetyl group is removed
during condensation and the same coumarins result as are formed with
ethyl benzoylacetate and ethyl acetoacetate, respectively. Diethyl
acetylmalonate reacts with the loss of a carbethoxyl group to give the
same coumarin as that obtained by the use of ethyl acetoacetate.

A number of g-ketonic esters with groups other than methyl in the
v position have been condensed with phenols. Ethyl butyroacetate,?®
which may be considered as ethyl vy-ethylacetoacetate, and ethyl
v-phenylacetoacetate 8% 8 react with resorcinol, orcinol, pyrogallol, phlo-
roglucinol, and a-naphthol to give 4-ethyl- and 4-benzyl-coumarin de-
rivatives, respectively, but they do not condense with phenol, 3-naph-
thol, hydroquinone, m-cresol, methyl 8-resorcylate, or resacetophenone.
A v substituent thus reduces the reactivity.

Acetonedicarboxylic acid and its diethyl ester have been condensed
with a number of simple and substituted phenols.?%4% 8 Citric acid gives

s Banerjee, J. Indian Chem. Soc., 8, 777 (1931).

" Dey and Sankarnarayan, J. Indian Chem. Soc., 8, 817 (1931).

7 Shah and Shah, Ber., T1, 2075 (1938).

8 Held, Compt. rend., 116, 720 (1893).

" Bulow, Ber., 38, 474 (1905).

8 Sonn and Litten, Ber., 66, 1512 (1933).

8 Kotwani, Sethna, and Advani, J. Univ. Bombay, 10 (pt. 5), 143 (1942) [C. A., 37,

623 (1943)].
8 Burton and Pechmann, Ann., 261, 166 (1891),
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acetonedicarboxylic acid on heating with concentrated sulfuric acid,
and several workers have therefore preferred to condense citrie acid with
phenols instead of using pure acetonedicarboxylic acid. Phenol, nitro-
phenols, phenol carboxylic acids, and o- and p-aminophenol have been
found not to react. Catechol, 0- and p-cresol, hydroquinone, 8-naphthol,
and methyl 8-resorcylate gave poor yields of the corresponding coumarin,
but m-~cresol, pyrogallol, resorcinol, phloroglucinol, and a-naphthol gave
good yields. Thus a molecule with the carboxyl or carbethoxy group
in the v position of ethyl acetoacetate is more reactive than one with a
v-ethyl or y-phenyl substituent.

Ethyl y-bromoacetoacetate and m-cresol, a-naphthol, or -naphthol
vield 4-bromomethylcoumarins.®

Among other S-ketonic esters which have been condensed with
phenols are ethyl benzoylacetate,®13 %% %5 588 athyl veratroylacetate,®® 86
diethyl benzoylsuceinate,®? diethyl veratroylsuccinate,?” diethyl oxalace-
tate,? 8. 8% diethyl oxalochloroacetate,?® % diethyl oxalobromoacetate,?
and ethyl a-formylphenylacetate. With the exception of diethyl oxal-
acetate no systematic study has been made with these esters, and no
generalizations are therefore possible. Unlike other g-ketonic esters,
diethyl oxalacetate either does not condense or gives poor yields with
certain meta-substituted phenols but does react more satisfactorily with
certain para-substituted phenols; resorcinol and m-cresol give poor
yields of coumarins, and orcinol and pyrogallol give no products. Hy-
droquinone, however, yields the ester of coumarin-4-carboxylic acid.

Several cyclic p-ketonic esters like ethyl cyclopentanone-2-car-
boxylate 3459 and its 4-methyl homolog,* % ethyl cyclohexanone
2-C&rboxylate 9,48, 93, 94, 95 and its 4_’10,36, 93, 96, 97 5_, 9, 10, 38, 93, 96, 97 and 6_93. 97
methyl homologs, ethyl 3,5-dimethyl-,%® ethyl 4,5-dimethyl-,?® and
ethyl 5,5-dimethyl-cyclohexanone-2-carboxylate,® ethyl cyclohepta-
none-2-carboxylate,?® and ethyl trans-g-decalone-3-carboxylate % 97 have

8 Dey and Sankarnarayan, J. Indian Chem. Soc., 11, 687 (1934).

8 Robinson and Turner, J. Chem. Soc., 113, 874 (1918).

8 Appel, Baker, Hagenbach, and Robinson, J. Chem. Soc., 1937, 738.

8 Mitter and Paul, J. Indian Chem. Soc., 8, 271 (1931).

8 Robinson and Rose, J. Chem. Soc., 1933, 1469.

8 Pechmann and Graeger, Ber., 34, 378 (1901).

8 Biginelli, Gazz. chim. ital., 24, 491 (1894).

9% Huntress and Oleson, J. Am. Chem. Soc., 70, 2831 (1948).

# Ahmad and Desai, Proc. Indian Acad. Sci., 5A, 277 (1937) [C. A., 31, 5785 (1937)].

92 Dieckmann, Ann., 317, 27 (1901).

9 Adams, Smith, and Loewe, J. Am. Chem. Soc., 63, 1973 (1941).

% Sen and Basu, J. Indian Chem. Soc., B, 467 (1928).

% Adams and Mecorney, J. Am. Chem. Soc., 66, 802 (1944).

% Chowdhry and Desai, Proc. Indian Acad. Sci., 8A, 1 (1938) [C. 4., 32, 9065 (1938)].

¥ Chowdhry and Desai, Proc. Indian Acad. Sci., 8A, 12 (1938) [C. 4., 32, 9066 (1938)].
8 Adams, Loewe, Theobald, and Smith, J. Am. Chem. Soc., 64, 2653 (1942),
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been condensed with phenols in the presence of sulfuric acid or phos-
phorus oxychloride. Chowdhry and Desai ' report that the cyclic
B-ketonic esters are more reactive than their open-chain analogs. The
sluggishness of ethyl 6-methylcyclohexanone-2-carboxylate as compared
with its 4-methyl and 5-methyl analogs may be attributed to the steric
hindrance offered by the methyl group in the ortho position to the enolic
hydroxyl.

Heterocyclic B-ketonic esters like ethyl chroman-3-one-4-carboxyl-
ate,®® ethyl 8-methoxy-,*® ethyl 3-hydroxy-6,7-dimethoxy-,*® and ethyl
3-hydroxy-7-methoxy-A3-chromene-4-carboxylate,99 ethyl B-couma-
ranone-2-carboxylate,!%? ethyl 5-methyl-,' 7-methyl-,'*° and 6-methoxy-
B-coumaranone-2-carboxylate,'® and methyl 3-hydroxyindole-2-car-
boxylate 10 condense with reactive phenols like resorcinol, phloro-
glucinol, pyrogallol, and 2-isoamylresorcinol in the presence of sulfuric
acid and hydrogen chloride with formation of chromeno- and coumarono-
coumarins.

Condensing Agents. The role of the condensing agent in the Pech-
mann reaction is very important. Condensation between a phenol and a
B-ketonic ester that is not brought about in the presence of one con-
densing agent may be brought about by the presence of another. "The
yields of product with different reagents may vary markedly. Occa-
sionally one reagent will effect the formation of one type of product and a
different reagent an entirely different product.

Of the several condensing agents tested in place of sulfuric acid, only
phosphorus pentoxide, phosphorus oxychloride, aluminum chloride, and
to some extent zine chloride have yielded results that require discussion.

Sulfuric Acid and Phosphorus Pentozide. Simonis** condensed
B-ketonic esters with phenols in the presence of phosphorus pentoxide
and reported the formation of chromones exclusively. This conclusion
was later found to be incorrect since the condensation product of res-
orcinol and ethyl n-methylacetoacetate, to which was assigned the
structure 7-hydroxy-2,3-dimethylchromone by Simonis and Remmert,®
was proved by Robertson and his co-workers!% to be 7-hydroxy-
3,4-dimethylcoumarin.

Jacobson and Ghosh condensed various phenols with ethyl a-phenyl-
and o-benzyl-acetoacetate and with ethyl a-benzylbenzoylacetate in the
presence of sulfuric acid 1%21%.1¢ and reported the products as chromones.

% Hilton, O’Donell, Reed, Robertson, and Rusby, J. Chem. Soc., 1936, 423.
100 King, Holland, Reed, and Robertson, J. Chem. Soc., 1948, 1673.

101 Canter, Curd, and Robertson, J. Chem. Soc., 1931, 1255,

102 Jacobson and Ghosh, J. Chem. Soc., 107, 424 (1915).

103 Jacobson and Ghosh, J. Chem. Soc., 107, 959 (1915).

14 Jacobson and Ghosh, J. Chem. Soc., 107, 1051 (1915).
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This was due to erroncous interpretation of the results of hydrolysis of
the condensation products. Baker 1219 proved that in the reactions
described by Jacobson and Ghosh only coumarins resulted.

An extensive study of the two condensing agents sulfuric acid and
phosphorus pentoxide has been made, especially by Robertson 13107108
and Chakravarti 319 and their co-workers. From the results obtained
so far the following generalizations can be made.

1. When sulfuric acid is used as a condensing agent a coumarin is
almost always formed. However, 8-naphthol and ethyl acetoacetate in
the presence of sulfuric acid yield a mixture of a coumarin and a chro-
mone in which the coumarin preponderates.!'® From 4-chloro-3,5-di-
methylphenol and ethyl acetoacetate a chromone is formed exclusively.*®

2. Phenols like resorcinol, pyrogallol, phloroglucinol, orcinol, and
a-naphthol that react readily in the presence of sulfuric acid also give
coumarins when phosphorus pentoxide is used as the condensing agent.

3. Phenols that do not form coumarins at all or form them in poor
yields with sulfuric acid generally give chromones in the presence of
phosphorus pentoxide. Thus phenol,® o-cresol,* halogenated ' and
nitro phenols,*® halogenated and nitro cresols,®® p-xylenol,'!?> and B-naph-
thol,"% which either do not condense in the presence of sulfuric acid or
condense with difficulty, are found to give chromones in the presence of
phosphorus pentoxide. Some phenols like catechol, for example, do not
condense in the presence of either sulfuric acid or phosphorus pentoxide.

4. With phosphorus pentoxide, chromone formation is favored from
B-ketonic esters with an a-alkyl substituent. If the substituent is
large, the condensation may be retarded or completely inhibited. m-
Cresol and p-cresol with ethyl acetoacetate in the presence of phosphorus
pentoxide give the coumarins,'® ? but with ethyl a-methyl- and a-ethyl-
acetoacetate they give chromones.®!313 Similar results are obtained
with 4-chloro- and 4-bromo-a-naphthol.®

Phosphorus Ozychloride. When Naik, Desai, and Desai 7° found that
a-naphthol did not condense with ethyl a-benzylacetoacetate in the
presence of sulfuric acid they tried phosphorus oxychloride as con-
densing agent and succeeded in bringing about a reaction. Since then
phosphorus oxychloride has been used frequently and in certain cases

105 Baker, J. Chem. Soc., 127, 2349 (1925).

106 Baker and Robinson, J, Chem. Soc., 137, 1981 (1925).

107 Canter, Martin, and Robertson, J. Chem. Soc., 1931, 1877.

108 Robertson, Sandrock, and Hendry, J. Chem. Soc., 1931, 2426.

19 Chakravarti, J. Indian Chem. Soc., 8, 129 (1931).

110 Dey and Lakshminarayan, J. Indian Chem. Soc., 9, 149 (1932).

1! Simonis and Schumann, Ber., 50, 1142 (1917).

12 Goodall and Robertson, J. Chem. Soc., 1936, 426.
I3 Robertson and Sandrock, J. Chem. Soc., 1932, 1180.
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successfully where sulfuric acid has failed. 4-Acylresorcinols and gal-
lacetophenone do not condense with ethyl acetoacetate in the presence of
gulfuric acid but condense readily in the presence of phosphorus oxy-
chloride to give 6-acylcoumarins.'? FEthyl 6-methyleyclohexanone-
92-carboxylate fails to react with phenols in the presence of sulfuric acid
but condenses in the presence of phosphorus oxychloride to give the
expected coumarin derivatives.®’

Phosphorus oxychloride frequently gives better yields than sulfuric
acid. The condensations of resorcinol, pyrogallol, oreinol, and a-naph-
thol with diethyl acetosuccinate,® the condensations of 4-ethyl- and
4-propyl-resorcinol with ethyl a-(a-hydroxy-g8,8,8-trichloroethyl)aceto-
acetate,™ and the condensation of orcinol with ethyl cyclohexanone-
2-carboxylate ' may be cited as examples.

Although in general phosphorus oxychloride gives the same products
as sulfuric acid, the possibility of chromone formation is not precluded.
2-Hydroxy-p-xylene gives rise to chromones on condensation with
ethyl a-alkylacetoacetates and ethyl benzoylacetate in the presence
of phosphorus oxychloride."'? 4-Hydroxy-m-xylene with ethyl aceto-
acetate gives 4,6,8-trimethylcoumarin but with ethyl a-methyl- and
a-ethyl-acetoacetate yields 2,3,6,8-tetramethyl- and 2,6,8-trimethyl-
3-ethyl-chromone, respectively.!'? These are the only instances known
of chromone formation in the presence of phosphorus oxychloride.
Phosphorus pentoxide gives chromones in each of these reactions.

Anhydrous Aluminum Chloride. In exploring the use of other con-
densing agents for the Pechmann reaction, Sethna, Shah, and Shah %
found that anhydrous aluminum chloride dissolved in dry ether or more
generally in dry nitrobenzene not only proved to be an efficient con-
densing agent but also changed the course of some reactions. If the
4 position in resorcinol is occupied by groups such as carboxyl, car-
bomethoxyl, acyl, or nitro, the condensation instead of giving the
7-hydroxycoumarins gives either exclusively, or mainly, 5-hydroxy-
coumarin derivatives. These cannot be prepared or can be prepared
only with difficulty by any other procedure.

Resacetophenone and other 4-acylresorcinols that do not condense
with B-ketonic esters in the presence of sulfuric acid and that give
7-hydroxy-6-acylcoumarins in the presence of phosphorus oxychloride
yield 5-hydroxy-6-acylcoumarins in the presence of anhydrous aluminum
chloride.!” 314115 The condensation of resacetophenone with ethyl
a-methylacetoacetate, which cannot be effected by phosphorus oxy-
chloride, takes place with ethyl a-methyl- and a-ethyl-acetoacetate in

4 Deliwala and Shah, J. Chem. Soc., 1939, 1250.
18 Chudgar and Shah, J. Indian Chem. Soc., 21, 175 (1944).
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the presence of aluminum chloride.!* 2-Acetylresorcinol and ethyl aceto-
acetate give the same coumarin and in better yield than with sulfuric
acid.'” o-Hydroxyacetophenone, gallacetophenone, quinacetophenone,
and resacetophenone with nitro, carbomethoxyl, or aceto substituents,
however, do not react with ethyl acetoacetate in the presence of alumi-

num chloride.!» 17
O
£ QP:
CH,C _CH
YOC“ 3 i C/
/f 0 CHa

HO OH
CH,C + CH;COCH,C0,C,H,

I Al
0 Cly O\C 0
O HO ¢y,

4-Nitroresorcinol with ethyl acetoacetate in the presence of sulfuric
acid yields 7-hydroxy-4-methyl-6-nitrocoumarin,* but in the presence
of anhydrous aluminum chloride gives 5-hydroxy-4-methyl-6-nitro-
coumarin.!'®

Methyl B-resorcylate, which condenses with ethyl acetoacetate in
the presence of sulfuric acid with formation exclusively of 7-hydroxy-
coumarin,** condenses in the presence of aluminum chloride to give
mainly the 5-hydroxycoumarin ester and a small quantity of the 7-
hydroxy isomer.%

With simple phenols the same coumarins are obtained as with sulfuric
acid. The yields are higher in some cases and lower in others. Phenol
is converted to 4-methylcoumarin in 39, yield on condensation with
ethyl acetoacetate in the presence of sulfuric acid,® but the same
coumarin is obtained in 40-559 yield in the presence of aluminum
chloride.!'?

In the condensation of methyl S-resorcylate with ethyl acetoacetate
in the presence of zinc chloride,®® in the condensation of S-resorcylic
acid with malic acid in the presence of sulfuric acid,'*® and in the con-
densation of resacetophenone with ethyl acetoacetate in the presence of
phosphorus oxychloride,? 5-hydroxycoumarin derivatives have also
been isolated in very poor vields, the main products being the 7-hydroxy-
coumarin derivatives.

18 Deliwala and Shah, Proc. Indian Acad. Sct., 1TA, 7 (1943) [C. A., 37, 4379 (1943)].

17 Deliwala and Shah, Proc. Indian Acad. Sci., 134, 352 (1941) [C. A., 356, 7959 (1941)].

118 Parekh and Shah, J. Indian Chem. Soc., 19, 339 (1942).

119 Woodruff, Org. Syntheses, 24, 69 (1944).
120 Kumar, Ram, and Ray, J. Indian Chem. Soc., 23, 365 (1946).



THE PECHMANN REACTION 19

Zinc Chloride. Zine chloride has been employed to a very limited
extent as a condensing agent.’>'*12 Tt does not appear to be superior to
phosphorus oxychloride. Generally, the same coumarins are obtained as
with sulfuric acid. From methyl g-resorcylate and ethyl acetoacetate in
the presence of zinc chloride as the condensing agent, the 7-hydroxy-
coumarin is the main product with a very small quantity of the 5-hy-
droxycoumarin.?

Hydrogen Chloride.® 9 85.99.100.18 The advantages of hydrogen chloride
as a condensing agent lie in the avoidance of sulfonation of aromatic
nuclei, prevention of saponification of the S-ketonic ester, improved
yields, and purer products. However, when little or no reaction can be
effected with sulfuric acid, as in the case of phenol, g-naphthol, and
quinol, hydrogen chloride also gives negative results. In the con-
densation of ethyl a-allylacetoacetate with phenols a molecule of hy-
drogen chloride adds at the double bond and, instead of 3-allylecoumarins,
3,6-chloropropylcoumarins are obtained.”!* A combination of zinc
chloride and hydrogen chloride has been used to advantage 125126 in
some condensations, especially in those where the other condensing
agents give indifferent results. Thus w-chlororesacetophenone, which
did not condense with diethyl oxalacetate in the presence of sulfuric
acid or phosphorus pentoxide, did condense in the presence of zine
chloride and dry hydrogen chloride to give 8-carbethoxy-6-chloroaceto-
7-hydroxycoumarin. 26

Other Condensing Agents. Like hydrogen chloride, phosphoric acid *
is also an effective condensing agent and does not give colored products,
but it generally fails to promote condensation where sulfuric acid fails.
Other condensing agents that have been reported are sodium ethoxide,2’
boric anhydride,*” sodium acetate,'? ferric chloride, 28 stannic chloride,!?8
titanium chloride,!?8 and thionyl chloride.?* In the few condensations
that have been tried with these reagents, most of them with simple
phenols, the same coumarins are obtained as with sulfuric acid. The
meager data available do not justify any conclusions regarding their
efficacy.

12 Pechmann and Schwarz, Ber., 32, 3699 (1899).

12 Pechmann and Schaal, Ber., 32, 3690 (1899).

23 Appel, J. Chem. Soe., 1935, 1031.

% Ahmad and Desai, J. Univ. Bombay, 6 (pt. 2), 89 (1937) [C. A., 32, 4561 (1938)].

1% Borsche and Niemann, Ber., 62, 2043 (1929).

% Gaind, Gupta, Ray, and Sareen, J. Indian Chem. Soc., 23, 370 (1946).

7 Chakravarti, J. Indian Chem. Soc., 13, 536 (1935).

‘2 Horii, J. Pharm. Soc. Japan, 59, 201 (1939) [C. A., 33, 4973 (1939)].
» Dixit, Kankudti, and Mulay, J. Indian Chem. Soc., 33, 207 (1945).
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EXPERIMENTAL CONDITIONS AND PROCEDURES

The experimental conditions depend on the condensing agent used
and are discussed under separate headings. The reaction between
certain phenols, especially nitrophenols, and the 8-ketonic ester may be
violent.’30 Initial heating wherever necessary should therefore be
gradual.

The ethyl a-alkylacetoacetates may contain ethyl acetoacetate as an
impurity. They must be carefully purified, since phenols condense very
readily with ethyl acetoacetate and a mixture of coumarins may result
from which a pure product may be difficult to isolate. Ethyl aceto-
acetate may be removed from the a-alkyl derivatives by washing with
39, sodium hydroxide solution. The washed product is then distilled.?’
This method is more satisfactory than fractional distillation under
reduced pressure, especially for ethyl a-methyl- and a-ethyl-acetoacetate
contaminated with ethyl acetoacetate.

Sulfuric Acid as Condensing Agent

Concentrated sulfuric acid is generally used as the condensing agent.
However, 73-809%, sulfuric acid is sometimes preferable as it will de-
crease the tendency to sulfonation. The addition of the sulfuric acid to
the mixture of phenol and g-ketonic ester should be gradual, preferably
with cooling, since sufficient heat may be evolved to char the product.
The reaction mixture is allowed to stand overnight or for a number of
days, depending on the reactivities of the phenol and the g-ketonic ester
used. After the required period the reaction mixture is added slowly to
cold water or crushed ice and the coumarin is precipitated. Sometimes,
after the addition of sulfuric acid to the mixture of phenol and $-ketonic
ester, the reaction mixture may be heated on a steam bath for some time,
and then left at room temperature for one or more days. Reactions are
also desecribed in which heating on the steam bath is started immediately
and continued for three to four hours, after which the reaction mixture is
cooled and added to ice water. Condensations that proceed with
difficulty, such as those of phenols with malic acid, are usually carried
out at temperatures up to 150°. 6-Methylcoumarin was synthesized
best by mixing the cresol and sulfuric acid, maintaining the mixture in a
bath at 135° and introducing the malic acid slowly.”® The yield is
generally low when heating is required, since a portion of the product
may be sulfonated.

7-Hydroxycoumarin.! An intimate mixture of 3 g. of resorcinol,
2.46 g. of malic acid, and 6.1 ml. of concentrated sulfuric acid, after

180 Chakravarti, J. Indian Chem. Soc., 9, 25 (1932).
13l Bailey and Boettner, J. Ind. Eng. Chem., 13, 905 (1921).
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being heated in an oil bath at 120° until the effervescence ceases (one
hour), is cooled and treated with excess of crushed ice. The precipitated
coumarin is purified by repeated crystallization from dilute ethanol
(decolorizing carbon), from which it separates as pale pink prisms, m.p.
997-228°; yield 439%. The crude product can be conveniently de-
colorized by passing a stream of sulfur dioxide into a warm ethanolic
solution.

The success of the method, according to Dey, Rao, and Seshadri,#?
depends primarily on the regulation of the heating. It should be stopped
precisely at the moment the mixture becomes clear.

7-Hydroxy-4-methylcoumarin.'® The preparation of this coumarin
from resorcinol and ethyl acetoacetate with concentrated sulfuric acid
as the condensing agent has been described in Organic Syntheses. The
yield is 82-90%.

6,7-Dihydroxy-4-methylcoumarin.®* The preparation of this coumarin
from 1,2,4-triacetoxybenzene and ethyl acetoacetate in the presence of
75%, sulfuric acid has been described in Organic Syntheses. The yield
is 929,

Phosphorus Pentoxide as Condensing Agent

The condensation may be carried out in the presence of this agent
either in the cold if the phenol is very reactive or by heating the reaction
mixture if the phenol is less reactive. The initial reaction is very
vigorous, and external cooling is essential. It has been observed that the
addition of a little absolute ethanol is advantageous.®

6-Hydroxy-4,7-dimethylcoumarin.® To a mixture of 5 g. of orcinol
and 5 g. of ethyl acetoacetate cooled in ice, 18 g. of phosphorus pentoxide
is added gradually. A vigorous reaction takes place with evolution of
much heat. When the reaction ceases, the cold mass is treated with
water. The precipitate is washed with water and crystallized from di-
lute ethanol (decolorizing carbon). It forms colorless needles, m.p. 248°.

2,6-Dimethyl-3-ethylchromone.’®* The vigorous reaction between
20 g. of m-cresol, 5 g. of ethyl a-ethylacetoacetate, and 20 g. of phos-
phorus pentoxide is controlled by agitation and occasional cooling in tap
water. Then a further 10 g. of m-cresol and 20 g. of the pentoxide are
added. The mixture is heated at 140° in an oil bath for fifteen minutes
and then on the steam bath for one hour. An aqueous solution of the
dark-colored product is made basic with sodium hydroxide and ex-
tracted with ether. After the evaporation of the solvent the extract is
distilled under reduced pressure and the main fraction, b.p. 170-190°/20
mm., is mixed with an equal volume of light petroleum ether. 2,5-Di-

2 Day, Rao, and Seshadri, J. Indian Chem. Soc., 11, 746 (1934).
o 13 Russell and Frye, Org. Syntheses, 21, 22 (1941).
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methyl-3-ethylchromone, which gradually crystallizes, is separated ; and,
after the removal of the solvent, the mother liquor is distilled in a
vacuum. When the distillate is mixed with petroleum ether a further
quantity of the solid is obtained. On recrystallization from the same
solvent, the chromone forms thick, pointed prisms, m.p. 86°; yield, 1 g.

Phosphorus Oxychloride as Condensing Agent

Dry benzene or toluene is generally the solvent when phosphorus
oxychloride is used as condensing agent. The reaction mixture is
usually heated for a few hours on a steam bath.

7-Hydroxy-4-methyl-6-acetylcoumarin and b-Hydroxy-4-methyl-6-
acetylcoumarin.’? A mixture of 8 g. of resacetophenone, 6 g. of ethyl
acetoacetate, 2 ml. of phosphorus oxychloride, and 20 ml. of dry benzene
protected from moisture is heated on a steam bath for five hours, when
the evolution of hydrogen chloride ceases. After the benzene solution is
poured off, the residue is extracted with two portions of 20 ml. of benzene
and the solvent is removed by distillation from the combined extracts.
The residue obtained from the benzene extracts is recrystallized from
ethanol, and pure crystals of 7-hydroxy-4-methyl-6-acetylcoumarin,
m.p. 212°, are obtained. The yield is 40%. Concentration of the etha-
nolic mother liquor gives a second crop of lower purity. The residue
left after the removal of the solvent is repeatedly extracted with petro-
leum ether (b.p. 60-80°). Upon cooling, crystals deposit which on re-
crystallization from ethanol yield 5-hydroxy-4-methyl-6-acetylcoumarin,
m.p. 164-165°.

1-Hydroxy-3-methyl-7,8,9,10~tetrahydro-6-dibenzopyrone.”® A solu-
tion of 6.2 g. of orcinol, 11 g. of ethyl cyclohexanone-2-carboxylate,
and 4.6 ml. of phosphorus oxychloride in 45 ml. of dry benzene in an
all-glass apparatus and protected from moisture is refluxed for three
hours on the steam bath. The solution rapidly turns deep red, and at
the end of one hour a crystalline precipitate begins to separate. Two
volumes of water are added; the mixture is well shaken to destroy the
phosphorus oxychloride and then cooled. Most of the product crys-
tallizes and is obtained by filtration of the benzene-water mixture.
Additional material is obtained by separation and evaporation of the
benzene layer. Purification is effected by recrystallization from ethanol,
m.p. 243-245°; yield, 7.6 g. (66%).

Anhydrous Aluminum Chloride as Condensing Agent

Anhydrous aluminum chloride can be used as the condensing agent
either without added solvent or dissolved in dry ether or dry nitro-
benzene. The best results have been reported with nitrobenzene. The
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aluminum chloride is dissolved in dry, preferably freshly distilled nitro-
benzene, by warming in a flask protected from moisture. This sohution
is added to the solution of the phenol and the g-ketonic ester in drv
nitrobenzene. The reaction mixture is heated in an oil bath between
120° and 140° for an hour or two, when the evolution of hydrogen
chloride almost ceases. At the end of that period the reaction mixture is
cooled and the unused aluminum chloride is decomposed by the addi-
tion of ice and concentrated hydrochloric acid. The nitrobenzene is re-
moved by steam distillation. The product remains behind. Tt is gener-
ally found that two moles of aluminum chloride per mole of the phenol
give the best yield; more or less aluminum chloride than this quantity
may decrease the yield.’ " Pure anhydrous aluminum chloride dis-
solves in ether and nitrobenzene without leaving a residue.

Methyl 5,7-Dihydroxy-4-methylcoumarin-6( or 8)-carboxylate.® Tio
grams of methyl phloroglucinolcarboxylate and 1.5 g. of ethyl aceto-
acetate are dissolved in a minimum quantity of dry ether. To this
solution 3.5 g. of anhydrous aluminum chloride in 15 ml. of dry ether is
added. The ether is allowed to evaporate gradually by heating the flask
on a warm water bath, and the resulting homogeneous mass is heated
in an oil bath between 120° and 125° for an hour until the evolution
of hydrogen chloride is negligible. ~After cooling, dilute hydrochlorie
acid and ice ate added. The product is purified by crystallization from
ethanol. It forms clusters of tiny needles, m.p. 230-231°; yield, 1.2 g.

6-Hydroxy-4-methyl-6-propionylcoumarin.'¢ A solution of 4.2 g
(1 mole) of anhydrous respropiophenone and 3.25 g. (1 mole) of ethyl
acetoacetate in dry nitrobenzene is added to a solution of 6.7 g. (2 moles)
of anhydrous aluminum chloride in 35 ml. of dry nitrobenzene. The
mixture, protected from moisture, is heated at 120~130° until evolution
of hydrogen chloride is negligible, which takes about an hour. Tt is then
cooled, ice and 15 ml. of concentrated hydrochloric acid are added, and
the nitrobenzene is steam-distilled. The brown residue is collected,
decolorized by washing with a small quantity of ethanol, and erystallized
from ethanol. It forms fine, silky needles, m.p. 164-165°; yield, 2 g.

Hydrogen Chloride as Condensing Agent

A solution of the phenol and the B-ketonic ester either in glacial acetic
aci.d or in absolute ethanol % is saturated with hydrogen chloride while
being cooled with ice water, and the reaction mixture is kept in a well-
Stoppered flask overnight. It is then poured into water directly or after
heating for some time on a steam bath. The coumarin precipitates.

) 7—Hydroxy-5’-methylcoumarono-(Z’,3’,3,4)—coumarin.‘°° When a solu-
tion of 1 g. of ethyl o-methyl-8-coumaranone-2-carboxylate and 1 g. of
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resorcinol in methanol is saturated slowly at room temperature with
hydrogen chloride a yellow solid gradually separates. After two days
the mixture is heated on the steamn bath for half an hour, then cooled,
and the resulting coumarin is collected, washed, and crystallized from
ethanol, m.p. above 300°; yield, 0.6 g.

Zinc Chloride as Condensing Agent

The condensation in the presence of zinc chloride may be carried out
either with ethanol as solvent or without a solvent. Heating is essential,
the period dependent on the reactivities of the phenol and the 8-ketonic
ester.

Ethyl 7-Dimethylaminocoumarin-4-acetate.’* A mixture of 7 g. of
distilled diethyl acetonedicarboxylate, 5 g. of m-dimethylaminophenol,
6 g. of powdered anhydrous zinc chloride, and 20 ml. of absolute ethanol
is heated in a paraffin bath with refluxing for twelve hours. The re-
sulting strongly fluorescent liquid, which deposits a small amount of a
viscid solid on cooling, is poured into 400 ml. of cold water containing a
little hydrochloric acid. A dark oil is precipitated, which, after it has
been washed with water containing dilute hydrochloric acid and per-
mitted to stand in contact with ethanol, solidifies slowly to a crystalline
cake. The solid is crystallized first from a mixture of benzene and
petroleum ether and then from absolute ethanol (decolorizing carbon).
The product forms slender, colorless prisms, m.p. 133°. The yield is
poor.

TABULAR SURVEY OF THE PECHMANN REACTION

All the condensations of malic acid and S-ketonic esters with phenols
and miscellaneous compounds which, in the presence of various con-
densing agents, have resulted in the formation of either coumarins or
chromones have been listed. The literature survey is complete to
January, 1949.

The condensations with monohydric phenols are listed in Table I,
with dihydric phenols in Table 11, with trihydric phenols in Table III,
with naphthols in Table 1V, and with miscellaneous compounds in
Table V.

The condensations with phenol itself are followed by those with
monosubstituted phenols with the substituents in the following order:
halogens, nitro, amino, alkyl groups in the order of increasing complexity,
carboxyl and carbomethoxyl, and acyl. Then are listed the conden-
sations with disubstituted phenols with the substituents in the same

1% Dey, J. Chem. Soc., 107, 1643 (1915).
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order. The order of the acids or the esters is as follows: malic acid,
ethyl acetoacetate, ethyl a-substituted acetoacetates with the « sub-
stituents in the order: chloro, bromo, methyl, ethyl, propyl and other
alkyl groups, allyl, o-hydroxy-8,8,5-trichloroethyl, phenyl, benzyl,
o-carboxybenzyl; then esters with more complex substituents in the
a position like ethyl benzoylacetoacetate, diethyl acetoglutarate, ethyl
diacetylacetate, diethyl acetosuccinate, and ethyl phthalylacetoacetate.
Next in order are 8-ketonic esters with groups other than methyl in the
v position, like diethyl acetonedicarboxylate, ethyl butyroacetate, ethyl
benzoylacetate, ethyl y-phenylacetoacetate, ethyl veratroylacetate,
diethyl veratroylsuccinate, and diethyl oxalacetate. The next listing
is of cyeclic B-ketonic esters: ethyl eyclopentanone-2-carboxylate and its
4-methyl homolog, ethyl cyclohexanone-2-carboxylate and its 4-, 5-, and
6-methyl homologs, and ethyl ¢rans-g-decalone-3-carboxylate. Finally
the condensations with S-ketonic esters containing heterocyeclic rings,
like ethyl B-coumaranone-2-carboxylate and its derivatives, ethyl
3-hydroxychromene-4-carboxylate and its derivatives, and methyl
3-hydroxyindole-2-carboxylate are listed.

When a phenol is condensed with the same (-ketonic ester in the
presence of different condensing agents, the order of the condensing
agents is given as follows: sulfuric acid, phosphorus pentoxide, phos-
phoric acid, phosphorus oxychloride, aluminum chloride, zine chloride,
hydrogen chloride, ferric chloride, stannic chloride, titanium chloride,
sodium ethoxide, sodium acetate, and boric anhydride.

The original names of the condensation products are retained as far
as possible in order to avoid confusion. Where different workers have
assigned different names to the same product, the name which seems
most rational is given. Yields are listed whenever they were given in
the original papers.

Note on the Condensation of Acetonedicarboxylic Acid with Phenols.
In the condensation of acetonedicarboxylic acid or its ester with phenols,
other products such as B-arylglutaconic acids,#> 35137 g 8-diarylglutaric
acids or their anhydrides 12813 or dilactones,** 8,8-diarvlbutyric acids,™°
and hydrindenylidene acetice acids ' may be formed instead of or along
with the coumarins. Only condensations in which coumarin derivatives
are formed are listed in the tables, but if any other produect is formed
with the coumarin derivative it is included.

13 Limaye and Bhave, J. Indian Chem. Soc., 8, 137 (1931).

13 Dixit, J. Indian Chem. Soc., 8, 787 (1931).

¥ Gogte, Proe. Indian Acad. Sci., 1A, 48 (1934) [C. A., 29, 1795 (1935)].

13 Dixit and Gokhale, J. Univ. Bombay, 3 (pt. 2), 95 (1934) [C. A., 29, 4753 (1935)].
1% Gogte, Proc. Indian Acad. Sci., 5A, 535 (1937) [C. A., 32, 5388 (1938)].

140 Bokil and Vyas, Rasayanam, 1, 198 (1939) [C. A., 34, 5068 (1940)].

14 Limaye and Gogte, J. Univ. Bombay, 3 (pt. 2), 135 (1934) [C. 4., 29, 4751 (1935)].
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Acid or Ester
Malic acid

a-Methylmalic acid

Ethyl a-methylformylacetate
Ethyl acetoacetate
Ethyl acetoacetate

Ethyl sodioacetoacetate
Ethyl acctoacetate
Ethyl a-methylacctoacetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Acetonedicarboxylic acid

Citric acid

Diethyl oxalacetate

Diethyl oxalochloroacetate

Diethyl oxalobromoacetate

Ethyl eyclopentanone-
2-carboxylate

Ethyl eyclopentanone-
2-carboxylate

Ethyl a~methylacetoacetate

Ethyl a-ethylacetoacetate

Ethyl a-propylacetoacetate

Ethyl a-isopropylacetoacetate

Ethyl o-methylacetoacetate

Ethyl a-ethylacetoacetate

Ethyl a-propylacctoacetate

Malic acid

Ethyl acetoacetate

Ethyl a-methylacetoacetate

Ethyl a-ethylacetoacetate

Ethyl a-methylacetoacetate

Ethy] a-ethylacetoacetate

Malic acid

Ethyl acetoacetate

Ethy! a-methylacetoacetate

Ethyl a-ethylacetoacetate

Ethyl a-propylacetoacetate

Ethyl a-isopropylacetoacetate

Diethyl aeetonedicarbaxylate

Diethyl oxalacetate

Ethyl cyelopentanone-
2-carboxylate

Ethyl acetoacetate

Ethyl a-methylacetoacetate

TABLE 1
CONDENSATIONS WITH MoxoHYDRIC PHENOLS
Condensing
Agent Produet
H4S04 Coumarin
(3% &
coned.)
Hs80, 3-Methylcoumarin
(13%)
Pq0s 3-Methylchromone
H2504 4-Methylcoumarin
HoS80, 4-Methylcoumarin
(73%)
P20s 2-Methylchromone
AICIy 4-Methylcoumarin
H;804 3,4-Dimethylcoumarin
(73%)
Po0s 2,3-Dimethylchromone
P20s 2-Methyl-3-ethylchromone
HoS04 Coumarin-4-acetic acid
2-Hydroxypbenylglutaconic anhydride
H2504 Coumarin-4-acetic acid
H3S0, Ethyl coumarin-4-carboxylate
HS04 Ethyl 3-chlorocoumarin-4-carboxylate
H3804 Ethyl 3-bromocoumarin-4-carboxylate
Ho504 Cyclopenteno-(1’,2*,4,3)~coumarin
Py05 Cyclopenteno-(1’,2",2,3)-chcomone
P20 8-Chloro-2,3-dimethylchromone
P205 8-Chloro-2-methyl-3-ethylchromone
P20 8-Chloro-2-methyl-3-propylchromone
P20s 8-Chloro-2-methyl-3-isopropylchromone
P05 8Bromo-2,3-dimethylchromone
P20s 8-Bromo-2-methyl-3-ethylchromone
Po0p 8-Bromo-2-methyl-3-propylchromone
H2S04 7-Chlorocoumarin
HS04 7-Chloro-4-methylcoumarin
P20 7-Chloro-2,3-dimethylchromone
Py0s 5 (or 7)-Chloro-2-methyl-3-ethyl-
chromone
P,05 5-Bromo-2,3-dimethylchromone
(7-bromo isomer also formed but not
isolated)
P205 5 (or 7)-Bromo-2-methyl-3-ethylchromnone
Ho80, 6-Chlorocoumarin
HS04 6-Chloro-4 methylcoumarin
P20y &Chloro-2,3-dimethylchromone
P20s 6-Chloro-2-methyl-3-ethylchromone
P05 6-Chloro-2-methyl-3-propylchromone
P20s 6-Chloro-2-methyl-3-1sopropylchromone
H280;4 Ethyl 6-chlorocoumarin-4-acetate
HoS504 Ethyl 6-chlorocoumarin-4-carboxylate
P305 6-Chloro-2,3-dihydropentachromonc
H2504 6-Bromo-4-methylcoumarin
(73%%) .
P20s 6-Bromo-2,3-dimethyichromone
P20s 6-Bromo-2-methyl-3-ethylchromone

Ethyl a-ethylacetoacetate

Note: References 142-244 are liated on pp. 57-58.

Yield
%

Poor

40-55

25

12

15
15

27
30

17
2

23
20

22

16

Refer-
ence

1,142

142

143
2,24
144

113
14

138
145

90
40
91

111
111
130
130
111, 130
111
130
25
25
m
111

111

111
25
25
111, 130
1
130
130
26
26
146

144

111
I
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TABLE I—Conitnued

CONDENSATIONS WITH MONOHYDRIC PHENOLS

Acid or Ester
Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacetoacetate
Ethyl e-isopropylacetoacetate
Ethyl a-isobutylacetoacetate
Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacetoacetate
Ethyl a-isobutylacetoacetate
Ethy] acetoacetate

Ethy! acetoaeetate

Ethyl acetoacetate
Ethyl a-ethylacetoacetate

Diethyl acetonedicarboxylate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Acetonedicarboxylic acid

Diethyl acetonedicarboxylate
Malic acid
Malic acid

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl a~chloroacetoacetate
Ethyl a-methylacetoacetate
Ethyl a~-methylacetoacetate
Ethyl a-methylacetoacetate

Ethyl a-ethylacetoacetate
Ethyl a-ethylacetoacetate

Ethyl a-allylacetoacetate
Ethyl a-benzylacetoacetate
Diethy! acetosuccinate
Diethy! a-acetyiglutarate

Condensing

Ageut Product
P20s 7-Nitro-2,3-dimethylchromone
P205 7-Nitro-2-methyl-3-ethylchromone
P20s 7-Nitro-2-methyl-3-propylchromone
P205 7-Nitro-2-methyl-3-isopropylchromone
P05 7-Nitro-2-methyl-3-isobutylchromone
Py05 6-Nitro-2,3-dimethylchromone
P30s 6-Nitro-2-methyl-3-ethylchromone
P20s §-Nitro-2-methyl-3-propylchromone
P05 6-Nitro-2-methyl-3-isobutylchromone
ZnClg 7-Amino-4-methylecoumarin with vary-

ing proportions of 7(?)-hydroxy-
lepidone, 7(7)-hydroxy-2,4,4-tri-
methyl-3,4-dihydroquinoline, and
4,6,6,8-tetramethyl-6,7-dihydro-

quinocoumarin
ZnCl2 7-Methylamino-4-methylcoumarin
ZnClg 7-Dimethylamino-4-methylcoumarin
ZnCly 7-Dimethylamino-3-ethyl-4-methyl-
coumarin
ZnClz Ethyl 7-dimethylaminocoumarin-
4-acetate
ZnCl 7-Diethylamino-4-methyleoumarin
Pg0s 2,8-Dimethylchromone
P205 2,3,8-Trimethylchromone
P205 2,8-Dimethyl-3-ethylchromone

H4S04 8-Methylcoumarin-4-acctic acid
B-2-Hydroxy-3-methylphenylglutaconic
anhydride
HsS0, Ethyl 8-methylcoumarin-4-acetate
HsS0, 7-Methylcoumarin
HoS04 7-Methylcoumarin

(96%)
H80, 4,7-Dimethylcoumarin *
P20s 4,7-Dimethylcoumarin

Hs80, 3-Chloro-4,7-dimethylcoumarin
HyS0, 3,4,7-Trimethylcoumarin
P20s 2,3,7-Trimethylchromone
P20 2,3 5-Trimethylchromone
2,3,7-Trimethylchromone (isolated as
the styryl derivative)
H2S0, 3-Ethyl4,7-dimethylcoumarin
Py0s 2,5-Dimethyl-3-ethylchromone
2,7-Dimethyl-3-ethylchromone (isolated
as the styryl derivative)
HzS804 3-Allyl-4,7-dimethylcoumarin
H2804 3-Benzyl-4,7-dimcthylcoumarin
H480, Ethyl 4,7-dimethylcoumarin-3-acetate
H.80, 4,7-Dimethyleoumarin-3-propionic acid
(78%)

Note: References 142-244 are listed on pp. 57-58.
* I.f the quantity of sulfurie acid employed is less than that given in ref. 27, 4-tolyloxy-4,7-dimethylhydrocoumarin is
obtained along with 4,7-dimethylcoumarin, ref. 28.

Yield

vr
7

70-75

40
25
27-40
54
71

40
10

o |

Lo
=

27

Refer-
ence
29
29
29
29
29
29
29
29
29
121

147
122

26

122

130
138

26
27,148
131

28
13

70
28, 105
34, 65

n
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TABLE I—Continued

CoxpExNsATIONS wiTH MoNOHYDRIC PHENOLS

Acid or Ester

Ethy! y-bromoacetoacetate
Acetonedicarboxylic acid
Acetonedicarboxylic acid

Diethyl acetonedicarboxylate
Citric acid

Citric acid (hydrated)
Citric acid (dehydrated)
Citric acid

Ethyl benzoylacetate
Ethyl benzoylacetate
Diethyl oxalacetate
Diethyl chloroéxalacetate

Ethyl cyclopentanone-
2-carboxylate

Ethyl cyclopentanone-
2-carboxylate

Ethyl cyclohexanone-
2-carboxylate

Ethyl acetoacetate

Fumaric acid
Fumaric acid
Maleic acid

Malic acid
Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl a-chloroacetoacetate

Ethy! a-chloroacetoacetate

Ethyl a-methylacetoacetate
Ethyl a-methylacetoacetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate

Ethyl a-ethylacetoacetate
Ethyl o-(a-hydroxy-g,8,8-tri-
chloroethyl)acetoacetate

Diethyl c-acetylglutarate

Acetonedicarboxylic acid
Acetonedicarboxylic acid

Condensing
Agent
H280,
H.S0,
H280,

H3804
H3804

H804
HaS04
Oleum
H,S04
Py05

H3804
Hy804

H4804
Py0s
H,S04

H.S04
(86%)

H804;
ZnClg
HoS04
(72%)
H,S04;
InCly
H2S0y
H>S04

HS0;4
(80%)
P205
H,POy4
H,80,
P:0;5
H280,
H,S0,4
(80%,)
P20
H2804
(84%)
P:0;
H,504

H4804
(78%)

H2S04

H,S04

Note: References 142-244 are listed on pp. 57-58.

Product

7-Methyl-4-bromomethylcoumarin
7-Methylcoumarin-4-acetic acid
7-Methylcoumarin-4-acetic acid
B-2-Hydroxy-4-methylphenylglutaconic
anhydride
7-Methylcoumarin4-acetic acid and ita
ethyl and m-tolyl esters
7-Methylcoumarin-4-acetic acid
4,7-Dimethylcoumarin
4,7-Dimethylcoumarin
4,7-Dimethylcoumarin
4,7-Dimethylcoumarin
4-Phenyl-7-methylcoumarin
5-Methylfiavone
Ethyl 7-methylcoumarin-4-carboxylate
Ethyl 3-chloro-7-methylcoumarin-
4-carboxylate
7-Methylcyolopenteno-
(1/,2’,4,3)-coumarin
7-Methylcyclopenteno-
(1°,2,2,3)-chromone
3,4-Tetrahydrobenzo-7-methylcoumarin

4,7-Dimethylcoumarin

8-Methyleoumarin
6-Methylcoumarin
6-Methylcoumarin

6-Methylcoumarin
4,6-Dimethylcoumarin

4,6-Dimethylcoumarin

4,6-Dimethylcoumarin
4,6-Dimethylcoumarin
3-Chloro-4,6-dimethylecoumarin
3-Chloro-4,6-dimethyleoumarin
3,4,6-Trimethylcoumarin
3.4,6-Trimethyleoumarin

2,3,6-Trimethylchromone
3-Ethyl-4,6-dimethylcoumarin

2,6-Dimethyl-3-cthylchromone

4,6-Dimethyl-3-(a-hydroxy-g3,3,8-tri-
chloroethyl)coumarin

4,6-Dimethylcoumarin-3-propionic acid

6-M ethylcoumarin-4-acetic acid

6-Methylcoumarin-4-acetic acid

B-2-Hydroxy-5-methylphenylglutaconic
anhydride

Yield Refer-
% ence
— 83
— 26
60 138

3243 149
44 150
24

8 151
4 151
1 151
— 13
2 13

Poor 26

— 26

9 91
— 11
50 94,152
— 13
50 67

40-80 68, 153
50 67
32 148
40 2, 28,

154
70 155
— 113
— 127
— 26
— 13
72 130
— 108
20 3
7 113
— 113,156
18 73
14 7
20 26
40 138



Phenol

p-Cresol
(Cont'd)

3-n-Amyl-
phenol

m-Hexyl-
phenol
9,4-Dichloro-
phenol
2,4-Dibromo-
phenol
2-Chloro-
4-methyl-
phenol

4-Chloro-
2-methyl-
phenol

4-Chloro-
3-methyl-
phenol

2-Nitro-
3-methyl-
phenol

4-Nitro-
2-methyl-
phenol

3,4-Xylenol
(3,4-di-
methyl-
phenol)

THE PECHMANN REACTION

TABLE I—Continued

CONDENSATIONS WITH MONOHYDRIC PHENOLS

Acid or Eater
Citric acid
Ethyl benzoylacetate

Ethyl benzoylacetate

Diethyl oxalacetate

Ethyl cyclopentanone-
2-carboxylate

Ethyl cyclopentanone-
2-carboxylate

Ethyl cyclohexanone-
2-carboxylate

Ethyl 5-methyleyclohexa-
none-2-carboxylate

Malic acid

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-mcthylacetoacetate

Ethyl acetoacetate

Ethyl a-chloroacetoacetate
Ethyl a-methylacctoacetate
Ethyl a-methylacetoacetate
Ethy] a-ethylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl acetoacetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacctoacetate

Ethyl acetoacetate

Ethy! a-chloroacetoacetatc
Ethyl a-methylacetoacetate
Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacetoacetate

Diethyl acetosuccinate
Acetonedicarboxylic acid
Diethyl oxalacetate

Ethyl acetoacetate
Ethyl a-ethylacetoacetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacetoacetate
Malic acid

Ethyl acetoacetate

Ethyl a-chloroacetoacetate

Ethyl a-methylacetoacetate
Acetonedicarboxylic acid

Condensing
Agent
Ho504
H,S04
(84%)
P,05
H,804
H804

P05

HS04
Hs80,
H,804

P05
P,0s
P;05

H2504
HS804
H2S04
P,0s
H.504
P205
Po05
P20s
P20s
P05

H2804
H:504
H2804
P20s
H2504
P205
P205

H2804
H2304
H504

P05
P20

P205
P20
Po0s
H4S04
HsS04
Hs504

Hj504
H:80,

Note: References 142-244 are listed on pp. 57-58

Product

4,6-Dimethylcoumarin
4-Phenyl-6-methylcoumarin

6-Methylflavone
Ethyl 6-methylcoumarin-4-carboxylate
6-Methylcyclopenteno-
(1,2 4,3)-coumarin
6-Methylcyclopenteno-
(1",2,2,3)chromone
3-n-Amyl-7,8,9,10-tetrahydro-6-di-
benzopyrone
3-n-Amyl-9-methyl-7,8,9,10-tetrahydro-
6-dibenzopyrone
7-Hexylcoumarin

6,8-Dichloro-2,3-dimethylchromone
6,8-Dichloro-2-methyl-3-ethylchromone
6,8-Dibromo-2,3-dimethylchromone

8-Chloro-4,6-dimethylcoumarin
3,8-Dichloro-4,6-dimethylecoumarin
8-Chloro-3,4,6-trimethylcoumarin
8-Chloro-2,3,6-trimethylchromone
8-Chloro-3-ethyl-4,6-dimethylcoumarin
8-Chloro-2,6-dimethyl-3-ethylchromone
6-Chloro-2,8-dimethylchromone
6-Chloro-2,3,8-trimethylchromone
6-Chloro-2,8-dimethyl-3-ethylchromone
6-Chloro-2,8-dimethyl-3-propylchro-
mone
6-Chloro-4,7-dimethylcoumarin
3.6-Dichloro-4,7-dimethylcoumarin
6-Chloro-3,4,7-trimethylcoumarin
6-Chloro-2,3,7-trimethylchromone
6-Chloro-3-ethy!-4,7-dimethyleouniarin
6-Chloro-2,7-di methyl-3-ethylchromone
6-Chloro-2,7-dimethyl-3-propylchro-
mone
Ethyl 8-chloro4,7-dimethylcoumarin-
3-acetate
6-Chloro-7-methylcoumarin-4-acetic
acid
Ethyl 6-chloro-7-methylcoumarin-
4-carboxylate
8-Nitro-2,7-dimethylchromone
8-Nitro-2,7-dimethyl-3-ethylchromone

6-Nitro-2,3,8-trimethylchromone
6-Nitro-2,8-dimethyl-3-ethylchromone
6-Nitro-2,8-dimethyl-3-propylchromone
6,7-Dimethylcoumarin
4,6,7-Trimethylcoumarin
3-Chloro-4,6,7-trimethylcoumarin

3,4,6,7-Tcetramethylcoumarin
6,7-Dimethyleoumarin—4-acetic acid

29

Yield Refer-

%
1

]
2

28
32
39
15

19

Very
good
46

cnce

151
13

13
26
91
1

157

157

158

11

111, 130

m

69
69

69
69
69
25
25
26

25
26



30

Pheno!

3,4-Xylenol
(3.4-di-
methyl-
phenol)
(Cont’d)

2,3-Xylenol
(2,3-di-
methyl-
phenol)

2,4-Xylenol
(2,4-di-
methyl-
phenol)

3,5-Xylenol
(3,5-di-
methyl-
phenol)

2,5-Xylenol
(2,5-di-
methyl-
phenol)

Thymol
Carvacrol

4-Chloro-

phenol
2,3,5-Tri-

methyl-

phenol
y-Cumenol

ORGANIC REACTIONS
TABLE 1I—Continued

CoONDENSATIONS WITH MoxNoHYDRIC PHENOLS

Acid or Ester
Diethy} chlorodxalacetate

Ethyl a-methylacetoacetate

Malic acid
Ethy! aeetoacetate

Ethy] acetoacetate
Ethyl acetoaeetate
Ethyl a-methylacetoacetate

Ethyl a-methylacetoacetate
Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate

Ethyl a-ethylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-benzylaeetoacetate

Ethyl benzoylacetate

Ethyl acetoacetate

Ethyl a-methylacetoacetate
Ethyl a-methylacetoaeetate
Malic acid

Ethyl acetoaeetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-benzylacetoacetate
Ethyl benzoylacetate

Malic acid

Ethyl acetoacetate

Ethyl a-methylacetoacetate
Ethyl acetoacetate

Ethyl acetoacetate

Malic acid
Ethyl acetoacetate
Ethyl a-methylacetoacetate

Condensing
Agent
H4804

P20s

P20s

H2804
HoS04
H2804

Note: Relerences 142-244 are listed on pp. §7-58.

Product

Ethy! 3-chioro-6,7-dimethylcoumarin-
4-carboxylate

2,3,7,8-Tetramethylchromone

8,8-Dimethylcoumarin
4,6,8-Trimethylcoumarin

2,6,8-Trimethylchromonc
4,6,8-Trimethylcoumarin
3,4,6,8-Tetramethylcoumarin

2,3,6,8-Tetramethylchromone
2,3,6,8-Tetramethylchromone
4,8,8-Trimethyl-3-ethylcoumarin

2,6,8-Trimethyl-3-ethylchromone
2,6,8-Trimethyl-3-ethylchromone
4,6,8-Trimethyl-3-benzylcoumarin

4-Phenyl-6,8-dimethylcoumarin
4,5,7-Trimethylcoumarin
3,4,5,7-Tetramethylcoumarin
2,3,5,7-Tetramethylehromone
5,8-Dimethylcoumarin
2,5,8-Trimethylchromone
2,3,5,8-Tetramethylchromone
2,5,8-Trimethyl-3-ethylchromone
2,5,8-Trimethyl-3-benzylchromone
5,8-Dimethylflavone
5-Methyl-8-isopropylcoumarin
2,8-Dimethyl-5-isopropylchromone

2,3,8-Trimethyl-5-isopropylchromone
6-Chloro-2,5,7-trimethylechromone

2,5,7,8-Tetramethylchromone

5,6,8-Trimethylcoumarin
4,5,6,8-Tetramethylcoumarin
3.4,5,6,8-Pentamethylcoumarin

Yield
T
29

30
50-97

12-18

25

16

49
49

3240
9-11

Poor

35

40

Poor

Refer-
ence

26

160

25
25,161

161
112
25,161

161
112
161

161
112
161

161
25, 95
25,162

163

25

112
112,160

112

112

112

39

164

164
95

165

25
25
25



Phenol
Catechol
Gusaiacol
Resorcinol

THE PECHMANN REACTION

TABLE 1I

CONDENSATIONS WITH DIHYDRIC PHENOLS

Acid or Ester
Acetonedicarboxylic acid
Ethyl a-methylacetoacetate
Diethyl malonate

Malie acid

Ethy! a-phenylformylacetate
Ethyl a-phenylformylacetate
Ethyl acetoacetate

Ethyl acetoacetate

Ethy! acetoacetate

Ethy) acetoacetate

Ethyl acetoacetate

Ethy! acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethy! acetoacetate

Ethy! acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate (2 or more
moles)
Ethy) acetoacetate (2 moles)
Ethyl a-chloroacetoacetate
Ethy! a-chloroacetoacetate
Mcthyl a-methylacetoacetate
Ethyl a-methylacetoacetate
Ethyl a-methylacetoacetate
Ethyl o-ethylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacetoacetate
Ethyl a-isopropylacetoacetate
Ethyl a-butylacetoacetate
Ethyl a-isobutylacetoacetate

Ethy! a-allylacetoacetate

Ethyl a-allylacetoacetate

Condensing
Agent
H,804
P205
CzH;ONa

H2804

P20s

ZnCl2

H4804

H2804 (13%)

H2804 (75%)

P20

H3PO4

HC1 + ZnCl2

HCI

FeCly

SnCly

TiCly

C2H5ONa

CH3CO2zNa

Boric anhy-
dride

H2S80;

HC!

H2S80,

Py0s

H2S04

P20p

H;3POy;
CH3CO2Na;
C2H5ONa

H2S04

H2S04 (73%)

P20;

H2804; P20s

HyS504; P20s

H,504 (80%)

H2804; P20s

H4804

HCL

Note: References 142-244 are listed on pp. 57-58.
. T‘he formation of this product was explained by the intermediate formation of acetonetricarboxylic acid.
 Simonis and Remmert (rel. 5) carried out this condcnsation and assigned a chromone structure to the condensation
Product. Canter, Curd, and Robertson (ref. 101) have shown that the produect is a coumarin derivative.

Product

8-Hydroxycoumarin-4-acetic acid
8-Methoxy-2,3-dimethylchroruone
Ethyl 7-hydroxycoumarin-4-ace-
tate *
7-Hydroxycoumarin
7-Hydroxy-3-phenylcoumarin
7-Hydroxy-3-phenylcoumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-mcthylcoumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-methyleoumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-methylecoumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-methylcournarin
7-Hydroxy-4-methylcoumarin

Dimethyldicoumarin

4,4’-Dimethylcoumarino-7,8,a-py-
rone
7-Hydroxy-3-chloro-4-methylcou-
marin
7-Hydroxy-3-chloro-4-methylcou-
marin
7-Hydroxy-3,4-dimethylcournarin
7-Hydroxy-3,4-dimethylcoumarin §
7-Hydroxy-3,4-dimethylcoumarin

7-Hydroxy-3-ethyl-4-methylcou-
marin
7-Hydroxy-3-ethyl-4-methylcou-
marin
7-Hydroxy-3-ethyl-4-methylcou-
marin
7-Hydroxy-3-propyl-4-methylcon-
marin
7-Hydroxy-3-isopropyl-4-methyl-
coumarin
7-Hydroxy-3-butyl-4-methyleou-
marin
7-Hydroxy-3-isobutyl-4-methyl-
coumarin
7-Hydroxy-3-allyl-4-methylcou-
marin
7-Hydroxy-3-chloropropyl-
4-methylcoumarin

Yield
%
Poor

5

43-50

Poor
82-90

96
63
80
94
97

57

Quant.

54
72
50
10

20

54

43

97

87

31

Refer-
ence
26
166
26

1,8,132
167
105

2,133
168
160
101
127
125
123
128
128
128
127
127
127

170
62
32
109
2
101, 109
109,127
109
101
101, 109
109
100
a
109
70

70



32

Phenol

Resorcinol

(Cont'd)

ORGANIC REACTIONS

TABLE IT—Continued

C'ONDENSATIONS WITH DIHYDRIC PHENOLS

Acid or Ester
Ethyl a-(a-hydroxy-3,8,8-tri-
chloroethyl)acetoacetate
Ethyl a-(a-hydroxy-8,8,8-tri-
chloroethyl)acetoacetate
Ethyl a-(a-hydroxy-8,8,8-tri-
chloroethyl)acetoacetate
Ethyl a-phenylacetoacetate
Ethy! a-phenylacetoacetate
Ethyl a-p-methoxyphenyl-
acetoacetate
Fthyl a-benzylacetoacetate

Ethyl a-benzylacetoacetate

Ethy] a-benzylacetoacetate
Ethyl a-o-carboxybenzyl-
acetoacetate

Ethyl acetocyanoacetate
Diethyl acetylmalonate
Diethyl acetosuccinate
Diethyl acetosuccinate
Diethy! acetosuccinate
Diethyl acetosuccinate

Diethyl acetosuccinate

Diethyl a-acetoglutarate

Dietby] a-acetoglutarate

Diethyl a-acetoglutarate

Diethyl a-acetoglutarate

Ethyl diacetylacetate

Ethyl benzoylacetoacetate
Ethyl benzoylacetoacetate
Ethyl phthalylacetoacetate

Diethy! acetonedicarboxylate

Condensing
Agent
1,304 (789}

P20;5

POCl3

H>504

Pa0s

H;504

HgS04

H,304; P203;
H3POs;
CH3CO2Na;
C2H;0Na

POCl3

HCl

HoS04

HoS04

HoS04

Po0s5

H3PO4

POCl3

AlCl3

H3804

P05

H3POq

AlClg

HzSO4
H3804; ZnCly
HCL

HClL

H,S04

Nole: References 142-244 are listed on pp. 57-58.
1 The cyano group was eliminated.
§ A carbethoxyl group was eliminated.
|| An acetyl group was eliminated.

Product
7-Hydroxy-3-(a-hydroxy-g,8,8-tri-
chloroethyl)-4-methylcoumarin
7-Hydroxy-3-(a-hydroxy-8,8,8-tri~
chloroethyl)-4-methylcoumarin
7-Hydroxy-3-(a-hydroxy-8,8,8-tri-
chloroethyl)-4-methylcoumarin
7-Hydroxy-3-phenyl-4-methyleou-
marin
7-Hydroxy-3-phenyl-4-methylcou-
marin
7-Hydroxy-3-p-methoxyphenyl-4-
methylcoumarin
7-Hydroxy-3-benzyl-4-methylcou-
marin
7-Hydroxy-3-benzyl-4-methylcou-
marin

7-Hydroxy-3-benzyl-4-methylcou-
marin
7-Hydroxy-3-o-carboxybenzyl-
4-methyl coumarin
7-Hydroxy-4-methylcoumarin
7-Hydroxy-4-methylcoumarin §
Ethyl 7-hydroxy-4-methylcou-~
marin-3-acetate
Ethyl 7-hydroxy-4-methylecou-
marin-3-acetate
Ethyl 7-hydroxy-4-methylcou-
marin-3-acetate
Ethyl 7-hydroxy-4-methylcou-
marin-3-aeetate
7-Hydroxy-4-methylcoumarin-
3-acetic acid
Ethy! 7-hydroxy-4-methylcou-
marin-3-propionate
7-Hydroxy-4-methylcoumarin-
3-propionic acid
7-Hydroxy-4-methylecoumarin-
3-propionic acid
Ethyl 7-hydroxy-4-methylcou-
marin-3-propionate
7-Hydroxy-4-methyleoumarin-
3-propionic acid
7-Hydroxy-4-methylcoumarin-
3-propionic acid
7-Hydroxy-4-methylcourarin ||
7-Hydroxy-4-phenylcoumarin ||
7-Hydroxy-4-phenyleoumarin ||
7-Hydroxy-4-methylcoumarin-
3-benzoyl-o-carbaxylic acid
7-Hydroxycoumarin-4-acetic acid

Yield

55-65

Quant.

Quant,

66

40

Refer-

ence
72
72
72
105
109
171

105

109, 127

79

78
32,104
75,76
34,127

127

34

34

77

173

173

173

32
32,104
174

79

82,151



Phenol

Resorcinol
(Cont'd)

THI, PECHMANN REACTION

TABLE I1—Continued

CONDENSATIONS WITH DIHYDRIC PHENOLS

Acid or Ester

Acetonedicarboxylic acid

Acetonedicarboxylic acid

Aeetonedicarboxylic acid

Acetonedicarboxylic acid

Ethyl e-p-methoxyphenyl-
propionoacetate

Ethyl butyroacetate

Ethyl a-p-methoxyphenyl-
butyroacetate

Ethyl a-p-methoxyphenyl-
isovaleroacetate

Ethyl a-p-methoxyphenyl-
caproylacetate

Ethyl benzoylaeetate

Ethyl benzoylacetate

Ethy! benzoylacetate

Ethyl a-benzylbenzoylacetate

Ethyl a-benzylbenzoylacetate
Diethyl benzoylsuccinate

Ethyl y-phenylacetoacetate

Ethyl 5-phenyi-g-ketoval-
erate

Ethyl veratroylacetate

Ethyl veratroylacetate

Ethy! trimethylgalloylacetate

Diethyl veratroylsuccinate
Diethyl oxalacetate
Dimethy] oxalacetate

Ethyl cyclopentanone-2-car-
boxylate

Ethy! 4-methyleyclopenta-
none-2-carboxylate

Ethyl cyclohexanone-2-ear-
boxylate

Ethyl cyelohexanone-2-car-
boxylate

Condensing
Agent

P:0;

POClg

AlCly

S0Cl2

H,S04

H»804 (75%)
H.804

H»S04
H2804
H,80,
HaPO4

HCL

HCL

H2S04
H2S804 (85%)

H380,4
H2S804

H,804

HCL

H3804 (73%)
H2504 (84%%)
CoH;0Na
CH3;0Na
H2804
H2804
H.304

POCl;

Nole: References 142-244 are listed on pp. 57-58.

. 9 Baker and Robinson (ref. 106) reported the preparation of this compound by the Pechmann condensation of resor-

cinol with the material described as ethyl y-phenylacetoacetate by Attwood, Stevenson, and Thorpe, J. Chem. Soc., 123,
176.2 (1923). This material was later found by Sonn and Litten (ref. 80) to be ethyl e-phenylacetoacetate. Therefore,
their condensation product with resorcinol is 7-hydroxy-3-phenyl-4-methylcoumarin.

Product
7-Hydroxycoumarin-4-acetic acid
Dilactone of 8,8-di(2,4-dihydroxy-

phenyl)glutaric acid
7-Hydroxycoumarin-4-acetic acid
Dilactone of 8,8-di(2,4-dihydroxy-
phenyl)glutaric acid
7-Hydroxycoumarin-4-acetic acid
Dilactone of 8,6-di(2,4-dihydroxy-
phenyl)glutaric acid
7-Hydroxycoumarin-4-acetic acid
Dilactone of 8,8-di(2,4-dihydroxy-
phenyl)glutaric acid
7-Hydroxy-3-p-methoxyphenyl-
4-ethylcoumarin
7-Hydroxy-4-propylcoumarin
7-Hydroxy-3-p-methoxyphenyl-
4-propylcoumarin
7-Hydroxy-3-p-methoxyphenyl-
4-isobutylecoumarin
7-Hydroxy-3-p-methoxyphenyl-
4-amylcoumarin
7-Hydroxy-4-phenylcoumarin
7-Hydroxy-4-phenylcoumarin
7-Hydroxy-4-phenylcoumarin
7-Hydroxy-3-benzyl-4-phenyl-
coumarin
7-Hydroxy-3-benzyl-4-phenyl-
coumarin
Ethyl 7-hydroxy-4-phenylcou-
marin-3-acetate
7-Hydroxy-4-benzylcoumarin ¥
7-Hydroxy-4-(phenethyljcou-
marin
7-Hydroxy-4-veratryleoumarin
7-Hydroxy-4-veratrylcoumarin
7-Hydroxy-4-(3,4,5-trimethoxy-
phenyl)coumarin
Ethyl 7-hydroxy-4-veratrylcou-
marin-3-acetate
Ethyl 7-hydroxycoumarin-4-car-
boxylate
Methyl 7-hydroxycoumarin-4-car-
boxylate
7-Hydroxyeyclopentens-(1',2",4,3)-
coumarin
7-Hydroxy-4’-methyleyclopenteno-
(1,2 4,3)-conmarin
7-Hydroxy-3.4-tetrahydrobenzo-
coumarin
7-Hydroxycyelohexeno-(1.2",4".3)-
coumarin

Yield

23

37
30

19

14
22

92
50

Poor

43

38-48

69

Quant.

33

Refer-
ence

129

129

129

171

171
171
171

2, 32
127
123
105
105

87

80, 81
175

86
176
87
88
88
91
91, 92
494, 95

124



34

Phenol

Resorcinol
(Cont’d)

Resoreinol
mono-
roethyl
ether

Resorcinol
monobuty!
cther

Resorcinol
dimethyl
ether

4-Chloro-
resorcinol

ORGANIC REACTIONS

TABLE II-—Conitnued

CONDENSATIONS WITH DIHYDRIC PHENOLS

Acid or Ester

Ethy! 4-methylcyclohexa-
none-2-carboxylate

Ethyl 5-methylcyclohexa-
none-2-carboxylate

Ethyl 5-methyleyclohexa-
none-2-carboxylate

Ethyl 6-methylcyclohexa-
none-2-carboxylate

1,2-Hydrindone-2-carboxylic
acid

Ethyl trans-g-decalone-
3-carboxylate

Ethyl indane-1,3-dione-2-car-
boxylate

Ethyl -coumaranone-2-car-
boxylate

Ethyl 5-methyl-g-coumara-
none-2-carboxylate

Ethyl 7-methyl-8-coumara-
none-2-carboxylate

Ethy] 6-methoxy-g-coumara-
none-2-carboxylate

Ethyl chroman-3-one-4-car-
boxylate

Ethyl 3-hydroxy-7-methoxy-
3-chromene-4-carboxylate

Ethyl 3-hydroxy-8-methoxy-
3-chromene-4-carboxylate

Ethyl 3-hydroxy-6,7-dimeth-
0xy-3-chromene-4-car-
boxylate

Ethyl 3-hydroxy-6,7-dimeth-
oxy-3-chromene-4-car-
boxylate

Methyl 3-hydroxyindole-
2-carboxylate

Malic acid

Ethyl acetoacetate

Acetonedicarboxylic acid

Ethyl benzoylacetate

Ethyl veratroylaeetate

Ethyl cyclohexanone-2-car-
boxylate

Ethyl acctoacetate
Ethyl acetoacetate

Ethyl a-methylacetoacetate
Malie acid
Ethyl acetoacetate

Ethyl acetoacetate

Condensing
Agent

H280,
Ho804
POCl3
POCI,

HCI

H504

HCl

H2804 (85%)
HC!

H»804 (85%)
HCl

HCI

HCI

HCJ; Ho804

(85%)
H2804 (85%)

HC1

H804 (90%)

Ho80,4
H,80y; P20s
H,804
H2804
H2804

POCl;3

H2804
H2804 (80%;
87%)
Ho804 (85%)
H1804
H3804

P50s

Note: References 142-244 are listed on pp. 57-58.

** Partial demethylation took place before the condensation.

Product
7-Hydroxy-4"-methylcyclohexeno-
(1’,2’,4,3)~coumarin
7-Hydroxy-5-methylcyclohexeno-
(1,2’ 4,3)-coumarin
7-Hydroxy-5'-methyleyclohexeno-
(1,2’ 4,3)-coumarin
7-Hydroxy-6"-methylcyclohexeuo-
(1’,2’ 4,3)-coumarin
7-Hydroxy-4,3-indenocoumarin

7-Hydroxy-trans-octalino-(2',3’,4,3)~
coumarin
7-Hydroxy-1"-ketoindeno-(2’,3',3 4)~
coumariu
7-Hydroxycoumarono-(2’,3",3,4)-
coumarin
7-Hydroxy-5"-methylcoumarono-
(2,3’,3,4)-coumarin
7-Hydroxy-7'~-methylcoumarono-
(2',3',3,4)-coumarin
7-Hydroxy-6"-methoxycoumarono-
(2’,3',3,4)-coumarin
7-Hydroxychromeno-(3,4",4,3)-
coumarin
7-Hydroxy-7’-methoxychromeno-
(3’,4’,4,3)~coumarin
7-Hydroxy-8'-methoxychromeno-
(3',4',4,3)-coumarin
7-Hydroxy-6',7'-dimethoxychro-
meno-(3',4’,4,3)-coumarin

7-Hydroxy-6',7’-dimethoxychro-
meno-(3',4’,4,3)-coumarin

7-Hydroxyindolo-(2',3",3,4)-cou-
marin
7-Methoxycoumarin
7-Methoxy-4-methyleoumarin
7-Methoxycoumarin-4-acetic acid
7-Methoxy-4-phenylcoumarin
7-Methoxy-4-(3',4’-dimethoxy-
phenyl)coumarin
3-Butoxy-7,8,9,10-tetrahydro-
6-dibenzopyrone

7-Methoxy-4-methylcoumariu **
7-Methoxy-4-methylcoumarin **

7-Methoxy-3,4-dimethylconmarin **

7-Hydroxy-6-chlorocoumarin

7-Hydroxy-4-methyl-6-chlorocou-
marin

7-Hydroxy-4-methyl-6-chlorocou-
marin

Yield

%

26
25

23

11

25
26

Refer-
ence

97

84

97

85

100

100

100

99

99

99

99

99

100
132
130
26
84
86
157
130
13
13
41

41



Phenol
4-Chloro-

resorcinol
(Con'd)

4-Bromo-
resorcinol

2-Nitro~
resorcinol

4-Nitro-
resoreinol

2-Amino-
resorcinol

2-Methyl-
resorcinol

4-Methyl-
resorcinol

8-Methyl-
resorcinol
(orcinol)

THE PECHMANN REACTION

TABLE II—Contrnued

CONDENSATIONS WITH DiHYDRIC PHENOLS

Acid or Ester
Ethyl a-chloroacetoacetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacetoacetate
Ethyl a-isobutylacetoacetate
Ethyl a-benzylacetoacetate
Diethyl acetosuceinate
Diethyl acetosuccinate
Acetonedicarboxylic acid
Ethyl benzoylacetate

Ethyl acetoacetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Diethyl acetosuccinate
Ethyl acetoacetate

Ethyl a-methylacetoacetate
Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Malic acid

Ethyl acetoacetate

Ethyl benzoylacetate

Ethyl acetoacetate
Diethyl acetosuccinate

Malic acid

Ethyl acetoacetate
Ethyl acetoacetate
Ethyl acetoacetate
Ethyl acetoacetate

Condensing
Agent
H2304; Py0s

H2804; P20s
H1804; P20s
H2804; P20s
HoS04
H280,
H,804
POCls
H4804
Ho80,
H804; P20s
H3804; P2Os
HaB804; P20g
POCl;
HeS04
H,30,4
H380,

AlCI3

H2504
H,804
H280,
H280,

H5804
POCl;

H.80,

H.804

HaB04 (73%)

P205

H3PO4
(coned. and
85%)

Hote: References 142-244 are listed on pp. 57-58.
1 Miller (ref. 151) who also carried out these condensations, assigned the 7-hydroxycoumarin structure to the prod-
uct. This is incorrect as the product was shown earlier, by Collie and Chrystall, /. Chem. Soc., 91, 1804 (1907), to
bave the 5-hydroxycoumarin structure.

Product
7-Hydroxy-3,6-dichloro-4-methyl-
coumarin
7-Hydroxy-3,4-dimethyl-6-chloro-
coumarin
7-Hydroxy-3-ethyl-4-methyl-
6-chlorocoumarin
7-Hydroxy-3-propyl-4-methyl-
6-chlorocoumarin
7-Hydroxy-3-isobutyl-4-methyl-
6-chlorocoumarin
7-Hydroxy-3-benzyl-4-methyl-
6-chlorocoumarin
Ethyl 7-hydroxy-4-methyl-6-chloro-
coumarin-3-acetate
Ethyl 7-hydroxy-4-methyl-6-chloro-
coumarin-3-acetate
7-Hydroxy-6-chlorocoumarin-
4-acetic acid
7-Hydroxy-4-phenyl-6-chlorocou-
marin
7-Hydroxy-4-methyl-6-bromocou-
rarin
7-Hydroxy-3,4-dimethyl-6-bromo-
coumarin
7-Hydroxy-3-ethyl-4-methyl-
6-bromocoumarin
Ethyl 7-hydroxy-4-methylcou-
marin-3-acetate
7-Hydroxy-4-methyl-8-nitrocou-
marin
7-Hydroxy-3,4-dimethyl-8-nitro-
coumarin
7-Hydroxy-4-methyl-6-nitrocou-
marin
5-Hydroxy-4-methyl-8-nitrocou-
marin
7-Hydroxy-4-methyl-8-aminocou-
marin
7-Hydroxy-8-nethylcoumarin
7-Hydroxy-4,8-direthylcoumarin
7-Hydroxy-4-phenyl-8-methylcou-
marin
7-Hydroxy-4,6-dimethylcoumarin
Ethyl 7-hydroxy-4,6-dimethylcou-
marin-3-acetate
7-Hydroxy-5-methylcoumarin
5-Hydroxy-4,7-dimethylcoumarin t}
5-Hydroxy-4,7-dimethylcoumarin {
5-Hydroxy-4,7-dimethylcoumarin
5-Hydroxy-4,7-dimethylcournarin

Yield

o
‘y

|

89

Quant,

Good

91
68

55

35

Refer-

ence
41
41
41
41
41
41

41, 42

41
41
43,177

]
43
42
41
41
44
118
177
178
62
179

180
181

39, 40
31
168
33

127,182



36 ORGANIC REACTIONS
TABLE I1—Continued
CoxDENSATIONS WITH DIHYDRIC PHENOLS
Condensing Yield Refer-
Phenol Acid or Ester Agent Product < cnce
5-Methyl- Lthyl a-chloroacetoacetate H.80 5-Hydroxy-3-chloro-4,7-dimethyl- 60 32
resorcinol coumarin
(orcinol) Ethyl a-chloroacetoacetate P205 5-Hydroxy-3-chloro-4,7-dimethyl- — 33
(Cont’d) coumarin
Ethyl o-methylacetoacetate Py0s 5-Hydroxy-3,4,7-trimethylcoumarin — 33
Ethyl a-ethylacetoacetate H.804 5-Hydroxy-3-ethyl-4,7-dimethyl- — 33
coumarin
Ethyl a-butylacetoacetate H,504 5-Hydroxy-3-butyl-4,7-dimethyl- — 37
coumarin
Ethyl a-butylacetoacetate POCl; 5-Hydroxy-3-butyl-4,7-dimethyl- 62 182
coumarin
Ethy! a-sllylacetoacetate HCl 5-Hydroxy-3(8-chloropropyl)- — 124
4,7-dimethylcoumarin
Ethyl a-(a-hydroxy-8,8.8-tri- POCl3 5-Hydroxy-3{a-hydroxy-8,8,8-tri- 30 72
chlorocthyl)acetoacetate chloroethyl)-4,7-dimethylcou-
marin
Ethyl a-benzylacetoacetate H2804 7-Hydroxy-3-benzyl-4,5-dimethyt- — 105
coumarin 13
Diethy! acetosuccinate H1304; P20s; Ethyl 5-hydroxy-4,7-dimethyleou- — 34,127
H3PO4 marin-3-acetate
Diethy! acetosuccinate POCl; Ethy! 5-hydroxy-4,7-dimethylcou- 67 34
marin-3-acetate
Diethyl a-acetoglutarate H,S0,4 Ethyl 5-hydroxy-4,7-dimethyleou- — 77
marin-3-propionate and 5-hy-
droxy-4,7-dimethylcoumarin-
3-propiomc acid
Diethyl a-acetoglutarate P205 5-Hydroxy-4,7-dimethylecoumarin- — 173
3-propionic acid
Diethyl a~acetoglutarate HCl Ethyl 5-hydroxy-4,7-dimethylcou- — 77,173
marin-3-propionate and 5-hy-
droxy-4,7-dimethylcoumarin-
3-propionic acid
Acetonedicarboxylic acid H,804 5-Hydroxy-7-methylcoumarin- Good 26
4-acetic acid
Citric acid H2S804 5-Hydroxy-7-methylcoumarin- — 151
4-acetic acid and orcin-aurin
Ethyl butyroacetate H2804 (759 5-Hydroxy-4-propyl-7-methylcou- — 35
marin
Ethyl y-phenylacetoacetate H,S04 (80%) 5-Hydroxy-4-benzyl-7-methylcou- — 81
marin
Ethyl a-benzylbenzoylacetate ZnCla 5-Hydroxy-3-benzy|-4-phenyl- — 103
7-methylcoumarin §§
Ethyl eyclopentanone-2-car-  HaS04 5-Hydroxy-7-methy!-3,4-eyclo- — 36
boxylate pentenocoumarin
Ethyl cyclopentanone-2-car-  POCl; 5-Hydroxy-7-methylcyclopenteno- 57 91
boxylate (1’,2",4,3)-coumarin
Ethyl 4-methylcyclopenta- POCIl; 5-Hydroxy-7,4'-dimethylcyclo- — 91
none-2-carboxylate penteno-(1’,2,4,3)-coumarin
Ethy! eyclohexanone-2-car- H,S04 1-Hydroxy-3-methyl-7,8,9,10-tetra- 35 10

boxylate

Note: Refercnces 142-244 are liated on pp. 57-58.

hydro-6-dibenzopyrone

11 By analogy with the other compounds obtained in the condensation of orcinol with 3-ketonic esters, this compound
is probably a 5-hydroxycoumarin derivative.

§§ By analogy with the other compounds obtained in the condensation of orcinol with 8-ketonig esters, this com pound
is probably a 5-hydroxycoumarin derivative. The structure originally assigned (7-hydroxy-3-benayl4-phenyl-5-methyl-
coumarin) is incorrect; refs. 105, 106,
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TABLE I1—Continued

CONDENSATIONS WITH DiHypric PHENOLS

Condensing Yield  Refer-
Phenol Acid or Ester Agent Product A ence
5-Methyl- Ethyl cyclohexanone-2-cat- POCls 5-Hydroxy-7-methyleyclohexeno- 124
resorcinol boxylate (1,2",4,3)-coumarin
(orcinol) Ethyl cyclohexanone-2-car- POCl3 1-Hydroxy-3-methyl-7,8,9,10-tetra- 66 10
(Cont’d) boxylate hydro-6-dibenzopyrone
Ethyl 4-methylcyclohex- POCIl3 5-Hydroxy-7,4'-dimethylcyclohex- — 97
anone-2-carboxylate eno-(1”,2,4,3)-coumarin
Ethyl 5-methylcyclohex- H2804; 5-Hydroxy-7,5'-dimethylcyclohex- — 97
anonc-2-carboxylate POCl; eno-(17,2’,4,3)-coumarin ||
Ethy! 5-methylcyclohex- POCl; 1-Hydroxy-3,9-dimethyl-7,8,9,10- 62 10
anone-2-carboxylate tetrahydro-6-dibenzopyrone
Ethyl 6-methyleyclohex- POCl3 5-Hydroxy-7,6’-dimethylcyclohex- 97
anone-2-carboxylate eno-(1”,2’,4,3)-coumarin
Ethyl trans-8-decalone-3-car-  H2S04 5-Hydroxy-7-methyl-trans-octalino- — 97
boxylate (2',3',4,3)-cournarin
2-Ethyl- Ethyl acetoacetate H2504 7-Hydroxy-4-methyl-8-cthyleou-~ 79 183
resorcinol marin
4-Ethyl- Ethyl acetoacetate H4804 7-Hydroxy-4-methyl-6-ethyleou- 49—~ 184,185
resorcinol marin Quant.
Ethyl acetoacetate H,804 (73%) 7-Hydroxy-4-methy)-6-ethylcou- 80-85 186
marin
Ethyl a-methylacetoacetate H.804 (73%) 7-Hydroxy-3,4-dimethyl-6-ethyl- 90 55
coumarin i
Ethyl a-methylacetoacetate ~ POClg 7-Hydroxy-3,4-dimethyl-6-ethyl- — 187
coumarin
Ethyl a-ethylacetoacetate H.804 (73%,) 7-Hydroxy-3 6-diethyl-4-methyl- 75 55
coumarin
Ethyl a-ethylacetoacetate POCl3 7-Hydroxy-3,6-diethyl-4-nethyi- 187
coumarin
Ethy! a-propylacetoacetate H804 (73%)  7-Hydroxy-3-propyl-4-methyl- 65 55
6-ethylcoumarin
Ethyl a-propylacetoacetate POCl3 7-Hydroxy-3-propyl<4-methyl- — 187
6-ethyleoumarin
Ethyl a-butylacetoacetate H80, (73%)  7-Hydroxy-3-butyl-4-methyl- — 55
6-ethylcoumarin
Ethyl a-butylacetoacetate POCl;3 7-Hydroxy-3-butyl-4-methyl- — 187
6-ethylcoumarin
Ethy!l a-allylacetoacctate H,804 (73%)  7-Hydroxy-3-allyl-4-methyl- 43 55

6-ethylcoumarin
Ethyl a-(a-hydroxy-8,8.8-tri- H2804 (80%) 7-Hydroxy-3-(a-hydroxy-g8,8,8-tri-  Poor 74

chloroethyl)acetoacetate chloroethy!)-4-methyl-6-ethyl-
coumarin
Ethyl a-(a-hydroxy-8,8,8-tri-  POCl3 7-Hydroxy-3-(a-hydroxy-g,8.5-tri- a7 74
chloroethyl)acetoacetate chloroethyl)-4-methyl-6-ethyl-
coumarin
Diethyl acetosuccinate H,S04 (80%) Ethyl 7-hydroxy-4-methyl-6-ethyl- 38 181
coumarin-3-acetate
Diethyl acetosuccinate POCl3 Ethyl 7-hydroxy-4-methyl-6-ethyi- 76 181
coumarin-3-acetate
Ethyl benzoylacetate H,804 (73%) 7-Hydroxy-¢-phenyl-6-ethylcou- 90 55
marin
Ethyl cyclopentanone-2-car-  H2S804 7-Hydroxy-6-ethyleyclopenteno- 32 91
boxylate (1’,2',4,3)-coumarin

Note: Refcrences 142-244 are listed on pp. 57-58.

1 S'en and Basu (ref. 94) have carried out the same condensation and assigned the 7-hydroxy structure to the con=
densation product. Chowdhry and Desai (ref. 97) have shown this to be incorrect and have assigned the 5-hydroxy-
coumarin structure.
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Phenol
4-Ethyl-
resorcinol

(Cont'd)

5-Ethyl-
resorcinol

4-Propyl-
resorcinol

5-Propyl-
resorcinol

4-Butyl-
resorcinol

5-Butyl-
regorcinol

2-lsoamyl-
resoreinol
(tetra-
hydro-
tubanol)

2-Isoamyl-
resoreinol
mono-
methyl
ether

4-Isoamyl-
resorcinol

ORGANIC REACTIONS

TABLE II—Continued

CONDENSATIONS WITH Dinypric PHENOLS

Acid or Ester

Ethyl 4-methyleyclopenta-
none-2-carboxylate

Ethyl cyclobexanone-2-car-
boxylate

Ethyl 4-methylcyclobex-
anone-2-carboxylate

Ethyl 5~methylcyclobex-
anone-2-carboxylate

Ethyl 6-methyleyclohex-
anone-2-carboxylate

Ethyl trans-g-decalone-3-car-
boxylate

Ethyl 1-methyleyclohexan-
3-one-4-carboxylate

Ethyl acetoacetate

Ethy] a-(a-hydroxy-8.8.6
trichloroethyl)acetoacetate

Diethyl acetosuccinate
Diethyl acetosuccinate

Ethyl 5-methylcyclohex-
anone-2-carboxylate

Ethyl a-(a-hydroxy-8.8.8-
trichloroethyl)acetoacetate

Diethyl acetosuccinate

Ethyl 5-methyleyclohex-
anone-2-carboxylate

Malic acid
Ethyl acetoacetate

Ethyl 3-hydroxy-7-methoxy-
3-chromene-4-carboxylate

Ethyl 3-hydroxy-8-methoxy-
3-chromenc-4-carboxylate

Ethyl 3-hydroxy-6,7-dimeth-
oxy-3-chromene-4-car-
boxylate

Malic acid

Malic acid
Ethyl acetoacetate

Condensing
Agent

H280,4
POCl,
H2804
H2804
POCly
H2804
H2804
H2804

POCly

H2804
POCl;

POCls

POCls

POCly
POCls
H2804
H2804
HCL
HC!

H2804 (85%)

H2804

H,804

H,804;
POCly;
AlCly

Note: References 142-244 are listed on pp. 57-58.

Yield
Product %
7-Hydroxy-4’-methyl-8-ethyleyclo- —
penteno-(1/,2',4,3)-coumarin
7-Hydroxy-6-ethyleyclobhexeno- —
(1°,2",4,3)-coumarin
7-Hydroxy-4'-methyl-8-ethylcyclo- —
hexeno-(1,2",4,3)-coumarin
7-Hydroxy-5"-methyl-6-ethyleyclo- —
hexeno-(1",2",4,3)-coumarin
7-Hydroxy-6'-methyl-6-ethylcy clo- —
hexeno-(1’,2",4,3)-counarin
7-Hydroxy-6-ethyl-frans-octalino- —
(2,3',4,3)-coumarin
5-Hydroxy-5’-methyl-7-ethyl- —-—
3,4-cyclohexenocoumarin
7-Hydroxy-4-methyl-6-propyl- —
cowmarin
7-Hydroxy-3-(a-hydroxy-8.8,8-tri-
chloroethyl)-4-methyl-6-propyl-
coumarin
Ethyl 7-hydroxy-4-methyl-6-propyl- 38
coumarin-3-acetate

Low

Ethyl 7-bydroxy-4-methyl-6-propyl- Quant.

coumarin-3-acetate
1-Hydroxy-3-propyl-8-methyl- 55
7.8.9,10-tetrahydro-6-dibenzo-
pyrone
7-Hydroxy-3-(a-hydroxy-8.8,8-tri- —
chloroethyl)-4-methyl-8-butyl-
coumarin
Ethyl 7-hydroxy-4-methyl-6-butyl- —
coumarin-3-acetate

1-Hydroxy-3-butyl-9-methyl- 59
7,8,9,10-tetrahydro-6-dibenzo-
pyrone

7-Hydroxy-8-isoamylcoumarin 39

7-Hydroxy-4-methyl-8-isoamyl- 20
coumarin

7-Hydroxy-7’-methoxy-8-isoamyl- —
chromeno-(3’,4',4,3)-coumarin
7-Hydroxy-8’-methoxy-8-isoamyl- 49
chromeno-(3*,4,4,3)-coumarin
7-Hydroxy-8',7'-dimethoxy-8-iso- —
amylchromeno-(3',4',4,3)-cou-
marin
7-Methoxy-8-isoamylcoumarin 66

7-Hydroxy-8-isoamylcoumarin —
7-Hydroxy-4-methyl-8-isoamyl- —
coumarin

Refer-
ence

91
124
96
98
97
96
37
185

74

181
181

38

188

181
38
189
169
99
99

99

190,191

192
30



Phenol

§-Amyl-
resorcinol
(olivetol)

5-Iscamyl-
resorcinol

4-Hexyl-
resarcinol

5-Hexyl-
resoreinol

8-Tsohexyl-
resoreinol

8-Heptyl-
resoreinol

5-Octyl-
resorcinol

4Dodecyl-
resorcinol

THE PECHMANN REACTION

39

TABLE II—Conttnued

CONDENSATIONS WITH DIHYDRIC PHENOLS

Acid or Ester
Ethy! acetoacetate

Ethyl acetoacetate
Ethyl a-butylacetoacetate

Ethyl cyclopentanone-2-car-
boxylate

Ethyl cyclohexanone-2-car-
boxylate

Ethyl cyclohexanone-2-car-
boxylate

Ethyl 4-methyleyclohexa-
none-2-carboxylate

Ethyl 1-methyleyclohexan-
3-one-4-carboxylate

Ethyl 5-methyleyclohexa-
none-2-carboxylate

Ethyl 5-ethylcyclohexanone-
2-carboxylate

Ethyl 8-methylcyclohexa-
none-2-carboxylate

Ethyl 3,5-dimethyleyclohexa-
none-2-carboxylate

Ethyl 4,5-dimcthyleyclohexa-
none-2-carboxylate

Ethyl 5,5-dimethylcyclohexa-~
none-2-carboxylate

Ethyl cycloheptanone-2-car~
boxylate

Ethyl 1-methylcyclohexan-
3-one-4-carboxylate

Ethyl acetoacetate

Ethyl 5-methyleyclohexa-
none-2-carboxylate

Ethy! 1-methylcyclohexan-
3-one-4-carboxylate

Ethyl 5-methylcyclohexa-
none-2-carboxylate

Ethyl 5-methylcyclohexa-
none-2-carboxylate

Ethyl acetoacetate .

Condensing
Agent

H280,
POCIs
POCls
H2804
H280,
POCl;

POCl3

H280,

POCl3

POCl3

POCl3

POCl;

POCl;

POCl3

POCl;
H804
H,804 (82%)

POCl3

HoS0,

POCl;

POCl;

H2804;
POCl3;
AlCl3

Note: References 142-244 are listed on pp. 57-58

Yield Refer-

Produet % ence

5-Hydroxy-4-methyl-7-amyleou- — 36
marin

5-Hydroxy-4-methyl-7-amyleou- 85 182,103
marin

5-Hydroxy-3-butyl-4-methyl- 66 182,193
7-amyleoumarin

5-Hydroxy-7-amyl-3,4-cyclopen- — 36
tenocoumarin

5-Hydroxy-7-amyl-3,4-cyclohexeno- ~ — 36
coumatrin

1-Hydroxy-3-amyl-7,8,9,10-tetra~ 82 93
hydro-6-dibenzopyrone

1-Hydroxy-3-amyl-8-methyl- 76 93
7,8,9,10-tetrahydro-6-dibenzo-
pyrone

5-Hydroxy-5'-methyl-7-amyl- 91 9
3,4-cyclohexenocoumarin

1-Hydroxy-3-amyl-9-methyl- 57-75 93, 194

7.8,9,10-tetrahydro-6-dibenzo-
pyrone
1-Hydroxy-3-amyl-3-ethyl-7,8,9,10- 46 98
tetrahydro-6-dibenzopyrone
1-Hydroxy-3-amyl-10-methyl- — . 93
7,8,9,10-tetrahydro-6-dibenzo-
pyrone
1-Hydroxy-3-amyl-7,9-dimethyl- 63 98
7,8,9,10-tetrahydro-6-dibenzo-
pyrone
1-Hydroxy-3-amy!-8,9-dimethyl- 61 98
7,8,9,10-tetrahydro-6-dibenzo-
pytone
1-Hydroxy-3-amyl-9,9-dimethyl- 33 98
7,8,9,10-tetrahydro-6-dibenzo-
pyrone
5-Hydroxy-7-amyl-3,4-penta- 45 98
methylenecoumarin
5-Hydroxy-5-methyl-7-isoamyl- — 37
3,4-cyclohexenocoumarin
7-Hydroxy-4-methyl-6-hexyl- 39
courmarin
1-Hydroxy-3-hexyl-9-methyl- 52 38
7.8.9,10-tetrahydro-6-dibenzo-
pyrone
5-Hydroxy-5'-methyl-7-isohexyl- — 37
3,4-cyclohexenocoumarin
1-Hydroxy-3-heptyl-9-methyl- 59 38
7.8,9,10-tetrahydro-6-dibenzo-
pytone
1-Hydroxy-3-octyl-9-methyl- 59 38
7.8,9,10-tetrahydro-6-dibenzo-
pyrone
7-Hydroxy-4-methyl-6-dodecyl- — 30
coumarin

195
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TABLE TI—Continued

CONDENSATIONS WITH Dinypric PHENOLS

Condensing Yield  Refer-
Pheno} Acid or Fster Arent Product A ence
4-Hexadecyl-  Ethyl acetoacetate HS0y,; 7-Hydroxy-4-methyl-6-hexadeeyl- — 30
resoreinol POCl3; coumarin
AlCl3
4-Octadecyl-  Kthyl acetoacetate POCl3 7-Hydroxy-4-methyl-6-octadecyl- — 196
resorcinol coumarin

Miscellaneous C-Alkylresorcinols

s-Alkyl- Ethy! §-methylcyclohexa- POCl3 1-Hydroxy-3-alkyl-9-methyl-

resorcinol none-2-carboxylate 7,8,9,10-tetrahydro-6-dibenzo-
pyrone
CHjy OH
&
AN /
Co0—0
R = alkyl group

5-Alkyl 3-Alkyl substituent
substituent

1-Methyl- Ethyl 5-methylcyelohexa- POCl3 1-Methylbutyl 70 197
butyl none-2-carhoxylate

1-Ethylbutyl  Fthyl 5-methylcyelohexa- POCl3 1-Ethylbutyl 73 197

none-2-carboxylate

1-Methyl- Ethyl 5-methylcyclohexa- POCl; 1-Methylpentyl 53 197
pentyl none-2-carboxylate

1-n-Propyl- Ethyl 5-methyleyclohexa- POCls 1-n-Propylpentyl 51 197
pentyl none-2-carboxylate

1-Methyl- Ethyl 5-methyleyclohexa- POCly 1-Methylhexyl 47 197
hexyl none-2-carboxylate

1-Methyl- Ethyl 5-methyleyclohexa- POCl3 1-Methylheptyl 62 197
heptyl none-2-carboxylate

—CH(CHjy)-  Ethyl 5-methyleyclohexa- POCl; —CH(CH3)(CH2)gCH3 38 198
(CH3)4CH3 none-2-carboxylate

—CH(CH3)-  Ethyl 5-methyleyclohexa- POCI3 —CH(CH3)(CHg)7CH3 41 198
{CH»);CH3 none-2-carboxylate

—CHyCH- Ethyl §-methyleyclohexa- POCI3 —CHCH(CH3)CHCH yCHj3 60 198
(CH3)CH>- none-2-carboxylate
CH:CHy

—CH3CHo-  Ethyl 5-methyleyclohexa- POCl3 —CH,CHyCH(CH3)CH.CH3 72 198
CH(CHjy)- none-2-carboxylate
CH.CH;4

—CH,CH;- Ethyl 5-methylcyclohexa- POCls —CH2CH>CH,CH(CH3)2 73 198
CH,CH- none-2-carboxylute
(CHy)2

—C(CH3)2-  Ethyl 5-methyleyclohexa- POCl3 —C(CH3)oC3Hy 73 199
C3H; none-2-carboxylate

—C(CHy)- Ethyl 5-methyleyclohexa- POCl3 —C(CH3)CH(CH2)C,H5 30 199
CH(CHj3)- none-2-carboxylate
CoHj

~—CH(C2Hs)- Ethyl 5-methyleyelohexa- POCl3 —CH(C3Hs)CH(CH3)CH3 28 199
CH(CHj3)- none-2-carboxylate
CHjy

—C(CHg)g-  Ethyl 5-methyleyclohexa- POCl3 —C{CH:2CsH1z 37 199
CgH,s none-2-carboxylate

—CH(CH3)- Ethyl 5-methyleyelohexa- POCl3 —CH(CH3CH(CH3)CsHy1 24 199
CH(CHg)- none-2-carboxylate
CsHiy

Note: References 142-244 are listed on pp. 57-58.



Phenol

5-Resoruyl|c
acid

Methyl 8-
resorcylate

THE PECHMANN REACTION

TABLE 1L-—Continued

CONDENSATIONS WITH DIHYDRIC PHENOLS

Acid or Ester
Malic acid

Malic acid

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl 4-methyleyclopenta-
none-2-carboxylate

Ethyl eyclohexanone-2-car-
boxylate

Malic acid

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethy! acetoacetate

Ethyl acetoacetate

Ethyl a-chloroacetoacetate

Ethyl a-methylacetoacetate

Ethy! a-ethylacetoacetate

Ethyl a-propylacetoacetate

Ethyl a-butylacetoacetate

Ethy! a-benzylacetoacetate

Condensing
Agent.

H,504

H»504

H480,4

AlCl;

H,804 (739%)
H,504 (13%)
H2S04

H2504 (80%)

P05

POCl;

AlCI3

HCL

ZnClg

H2804 (80%)

H1804 (80%)

H2S04 (80%)

H280, (80%)

H,504 (80%)

H2504 (80%)

Note: References 142-244 are listed on pp. 57-58.

Product

7-Hydroxycoumarin-6-carboxylic
acid

7-Hydroxycoumarin-6-carboxylic
acid (isolated as methyl 7-meth-
oxycoumarin-8-carboxylate)

5-Hydroxycoumarin-6-carboxylic
acid (isolated as methyl 5-meth-
oxycoumarin-6-carboxylate)

7-Hydroxy-4-methylcoumarin-
6-carboxylic acid

7-Hydroxy-4-methylcoumarin

5-Hydroxy-4-methylcoumarin-
B-carboxylic acid

7-Hydroxy-6-carboxy-3 4-(4"-
methyleyclopenteno)eoumarin

7-Hydroxy-6-carboxy-3,4-cyclo-
hexenocoumarin

7-Hydroxycoumarin-6-carboxylie
acid

Methy! 7-hydroxy-4-methylcou~
marin-6-carboxylate

7-Hydroxy-4-methylcoumarin-
6-carboxylic acid

Methyl 7-hydroxy-4-methylcou-~
marin-6-carboxylate

Methy! 7-hydroxy-4-methylcou
marin-6-carboxylate

Methyl 5-hydroxy-4-methylcou~
marin-6-carboxylate

Methyl 7-hydroxy-4-methylcou~
marin-6-carboxylate

Methy! 7-hydroxy-4-niethylcou-
marin-6-carboxylate

Methyl 5-hydroxy-4-methylcou-
marin-6-carboxylate

Methyl 7-hydroxy-4-methylcou-
marin-6-carboxylate

Methyl 7-hydroxy-3-chloro-4-
methylcoumarin-6-carboxylate

Methyl 7-hydroxy-3,4-dimethyl-
coumarin-6-carboxylate

7-Hydroxy-3 4-dimethylcoumarin-
6-carboxylic acid

Methyl 7-hydroxy-3-ethyl-4-
methylcoumarin-6-carboxylate

Methy\ 7-hydroxy-3-propyl-4-
methyleoumarin-6-carboxylate

7-Hydroxy-3-propyl-4-methyl-
coumarin-6-carboxylic acid

Methyl 7-hydroxy-3-butyl-4-
methylecoumarin-6-carboxylate

7-Hydroxy-3-butyl-4-methyl-
coumarin-6-carboxylic acid

Methy! 7-hydroxy-3-benzyl-4-
methylecoumarin-6-carboxylate

Yield
%
30

20

21

Traces
14

43

31

41

Refer-
ence
45,200,
201
120

15

53
48
48
15
45
'45

53

45

53

46

47

47

47
47

47



42

Phenol
Methyl 5-
resorcylate

(Cont’'d)

v-Resoreylic
acid

2-Acetyl-
resorcinol

4-Acetyl-
resorcinol
(resaceto-
phenonc)

ORGANIC REACTIONS

TABLE II—Conttnued

CoNDENSATIONS WITH DIigyDRIC PHENOLS

Acid or Ester

Diethy] acetosuccinate

Ethy! a-benzoylacetoacetate

Diethy! acetonedicarboxylate

Ethyl cyclopentanone-2-car-
boxylate

Ethyl 4-methyleyclopenta-
none-2-carboxylate

Ethyl cyclohexanone-2-car-
boxylate

Ethyl cyclohexanone-2-car-
boxylate

Ethyl eyclobexanone-2-car-
boxylate

Ethyl acetoacetate

Ethyl acetoacetate
Ethyl acetoacetate
Ethy] acetoacetate
Diethyl acetosuccinate
Diethyl acetosucoinate

Malic acid
Ethyl acetoacetste

Ethyl acctoacetate

Ethyl acetoacetate

Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-benzylacetoacetate

Ethyl cyclopentanone-2-car-
boxylate

Ethyl cyclopentanone-2-car-
boxylate

Ethyl 4-methylcyclopenta-~
none-2-carboxylate

Condensing
Agent
H;80, (80%)

H804 (80%)

H2804 (80%)

HsS804 (73%)
H804 (73%)
H,804 (73%)
POCl;

AlCl3

H3804
H2804 (78%)
AlCl3

FeCls

H2304 (80%)
POCI;

H4S0,4
POCl3

POCl;

AlCl;
AlCls
AlClg
AlCl3
POCls
AlClg

AlClg

Note: References 142244 are listed on pp. 57-58.
%9 In this condensation a —CHaC02C2H s group was eliminated.
* In this condensation an acetyl group was elimipated.

Product
Methyl 7-hydroxy-4-methyl-
coumarin-6-carboxylate ¢
Methyl 7-hydroxy-4-phenylcou-
marin-6-carboxylate *
7-Hydroxy-4-phenylcoumarin-
G-carboxylic acid *
Ethyl 7-hydroxy-6~carbomethoxy-
coumarin-4-acetate
7-Hydroxy-8-carbormethoxycou-
marin-4-acetio acid
7-Hydroxy-6-carbomethoxy-
3,4-cyclopentenocoumarin
7-Hydroxy-6-carbomethoxy-3,4-
(4’-methyleyclopenteno)coumarin
7-Hydroxy-6-carbomethoxy-3,4-
cyclohexenocoumarin
7-Hydroxy-6-carbomethoxy-3,4-
cyclohexengeoumarin
7-Hydroxy-6-carbomethoxy-3,4-
cyclohexenocoumarin
7-Hydroxy-4-methylcoumarin-
8-carboxylic acid
7-Hydroxy-4-methyl-8-acetyl-
coumarin
7-Hydroxy-4-methyl-8-acetylcou-~
marin
7-Hydroxy-4-methyl-8-acetylcou~
marin
7-Hydroxy-4-methyl-8-acetylcou-
marin-3-acetic acid
Ethyl 7-hydroxy-4-methyl-8-acetyl-
coumarin-3-acetate
7-Hydroxyeoumarin *
7-Hydroxy-4-methyl-6-acetyl-
coumarin
7-Hydroxy-4-methyl-6-acetyl-
coumarin
5-Hydroxy-4-methyl-6-acetyl-
coumarin
§-Hydroxy-4-methyl-6-acetyl-
cournarin
5-Hydroxy-3,4-dimethyl-6-acetyl-
coumarin
5-Hydroxy-3-ethyl-4-methyl-
8-acetylcoumarin
5-Hydroxy-3-benzyl-4-methyl-
6-acetylcoumarin
7-Hydroxy-6-acetyl-3,4-cyclo-
pentenocoumarin
§-Hydroxy-6-acetyl-3,4-cyclo-
Ppentenocoumarin
5-Hydroxy-6-acetyl-3,4-(4"-methyl-
cyclopenteno)coumarin

Yield

%o
54

6

2

8
12
42
46
61
77
7
60

46

4

40

40

37-41

Refer-
ence
42

46

48

48

48

48

48

48

49

17

17

128

42

42

202
203

53

116

116

116

48

48

48
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TABLE II—Continued

CONDENSATIONS WITH DIHYDRIC PHENOLS

Condensing Yield Refer-
Phenol Acid or Ester Agent Product % ence
4-Acetyl- Ethyl cyclohexanone-2-car-  POCl3 7-Hydroxy-6-acetylcyclohexeno- — 96
resorcinol boxylate (1,2’ 4,3)-coumarin
(resaceto-  Ethyl cyclohexanone-2-car- AlCl; 5-Hydroxy-6-acetyl-3,4-cyclo- 82 48
phenone) boxylate hexenocoumarin
(Cont'd) Ethyl 4-methyleyclohexa- POCl3 7-Hydroxy-4’-methyl-6-acetyl- — 96
none-2-carboxylate cyclohexeno-(1/,2’,4,3)-coumarin
Ethyl 5-methyleyclohexa- POCly 7-Hydroxy-5"-methyl-6-acetyl- — 96
none-2-carboxylate cyclohexeno-(1’,2’,4,3)-coumarin
Ethyl trans-g-decalone- POCl3 7-Hydroxy-8-acetyl-<rans-octalino- — 96
3-carboxylate (2',3',4,3)-coumarin
w-Chloro- Ethy) acetoacetate H2804 7-Hydroxy-4-methyl-6-chloroaceto- 9 126
resaceto- coumarin
phenone Ethyl acetoacetate HCI 7-Hydrozy-4-methyl-6-chloroaceto- 4 126
coumarin
Diethyl oxalacetate ZnCly + HCl  7-Hydroxy-4-carbethoxy-6-chloro- 45 126
acetocoumarin
2-Propionyl-  Ethyl acetoacetate H2804 7-Hydroxy-4-methyl-8-propionyl- — 204
remorcinol coumarin
4Propionyl-  Ethyl acetoacetate POCl3 7-Hydroxy-4-methyl-8-propionyl- 25 12
resorcinol coumarin
Ethyl acetoacetate AlCls 5-Hydroxy-4-methyl-6-propionyl- 24 114
coumarin
2-Butyryl- Ethyl acetoacetate H3z804 7-Hydroxy-4-methyl-8-butyryl- — - 205
resorcinol coumarin
4-Butyryl- Ethyl acetoacetate POCl; 7-Hydroxy-4-methyl-8-butyryl- 30 12
resorcinol coumarin
Ethyl acetoacetate AlCl; 5-Hydroxy-4-methyl-6-butyryl- 37 114
coumarin
4-Isovaleryl-  Ethyl acetoacetate AlCls 5-Hydroxy-4-methyl-6-isovaleryl- 45 115
resorcinol coumarin
4-Lauroyl- Ethyl acetoacetate AlCls 5-Hydroxy-4-methyl-6-lauroyl- 27 115
resorcinol coumarin
4-Palmitoyl-  Ethyl acetoacetate AlCls 5-Hydroxy-4-methyl-6-palmitoyl- 84 115
resoreinol coumarin
4-Stearoyl- Ethyl acetoacetate AlCl; 5-Hydroxy-4-methyl-6-stearoyl- 33 196
resoreinol coumarin
2-Beazoyl- Ethyl acetoacetate H4804 7-Hydroxy-4-methyl-8-benzoyl- — 54
resorcinol coumarin
Dicthyl acetosuccinate POCl; Ethyl 7-hydroxy-4-methyl- —_ 42
8 benzoylcoumarin-3-acetate
4-Bengzoyl- Ethyl acetoacetate POCl; 7-Hydroxy-4-methyl-6-benzoyl- 10 12
respreinol coumarin
Ethyl acetoacetate AlCl3 5-Hydroxy-4-methyl-6-benzoyl- — 17
coumarin
2-0-Toluyl- Ethyl acetoacetate H,804 7-Hydroxy-4-methyl-8-o-toluyl- — 205
resorcinol coumarin
2-p-Toluyl-  Ethyl acetoacetate H,804 7-Hydroxy-4-methyl-8-p-toluyl- - 204
resorcinol coumarin
4p-Toluyl-  Ethyl acetoacetate AlCly 5-Hydroxy-4-methyl-8-p-toluyl- 55 114
resorcinol coumarin
4-Phenyl- Ethyl acetoacetate AlClz 5-Hydroxy-4-methyl-6-phenyl- 42 114
acetyl- acetylconmarin
resoreinol
4-Chloro- Ethyl acetoacetate Hy804; P05 5-Hydroxy-8-chloro-4,7-dimethyl- - 43
B-methyl- coumarin
resorcinol Ethyl a-methylacetoacetate ~ HaS804; P9Os  5-Hydroxy-6-chloro-3,4,7-tri- — 43
methylcoumarin

Note: References 142-244 are listed on pp. 57-58.



44 ORGANIC REACTIONS

TABLE II—Continued

CONDENSATIONS WITH DIHYDRIC PHENOLS

Condensing Yield Refer-
Phenol Acid or Ester Agent Product % ence
4-Chloro- Ethyl a-ethylacetoacetate HoS04; P20 5-Hydroxy-6-chloro-3-ethyl-4,7-di- — 43
5-methyl- methylcoumarin
resorcinol Citric acid H,504 5-Hydroxy-6-chloro-7-methyleou- — 43
(Cont’d) marin-4-acetic acid
4-Chloro- Ethyl acetoacetate Hq804; P05  5-Hydroxy-4-methyl-6(or 8)-chloro- — 185
6-ethyl- 8-(or B)-ethylcoumarin
resorcinol Ethyl a-methylacetoacetate  H3S04 5-Hydroxy-3,4-dimethyl-6(or 8)- — 185
chloro-8(or 6)-ethylcoumarin
4-Bromo- Ethyl acetoacetate H9804; P05 5-Hydroxy-6-bromo-4,7-dimethyl- — 43
§-methyl- coumarin
resorcinol Ethyl a-methylacetoacetate  HyS04 5-Hydroxy-6-bromo-3,4,7-tri- — 43
. methyleoumarin
4-Chloro- Ethyl acetoacetate H,S04 5-Hydroxy-4-methyl-6(or 8)-chloro-  — 185
6-propionyl- 8(or 6)-propionylecoumarin
resoreinol
6-Bromo- Ethyl acetoacetate AlCl3 5-Hydroxy4-methyl-6-acetyl- 16 117
4-acetyl- 8-bromocoumarin
resorcinol
4,6-Dimethyl- Ethyl acetoacetate H2S504 5-Hydroxy-4,6,8-trimethyleoumarin ~ — 206
resorcinol
2-Methyl- Ethyl acetoacetate HyS804 (80%) 7-Hydroxy-4,8-dimethyl-6-ethyl- — 22
4-ethyl- coumarin
resorcinol
2-Methyl- Ethyl acctoacctate H2S04 (80%) T7-Hydroxy-4,8-dimethyl-6-propyl- — 23
4-propyl- coumarin
resorcinol
2-Ethyl- Ethyl acetoacetate HyS04 7-Hydroxy-4,6-dimethyl-8-ethyl- 90 180
4-methyl- coumarin
resorcinol
2-Ethyl- Ethyl acetoacetate H2S804 (73%) 7-Hydroxy-4,5-dimethyl-8-ethyl- 70 207
5 methyl- coumarin
resorcinol Ethyl a-methylacetoacetate ~ HS04 (73%) 7-Hydroxy-3,4,5-trimethyl-8-ethyl- — 207
coumarin
Ethyl a-ethylacetoacetate Hq804 (73%) 7-Hydroxy-3,8-diethyl-4,5-di- — 207
methylecoumarin
Ethyl a-propylacetoacetate H2804 (73%) 7-Hydroxy-3-propyl-4,5-dimethyl- — 207
8-ethylcoumarin
2,4-Diethyl- Ethyl acetoacetate H2S04; 7-Hydroxy-4-methyl-6,8-dicthyl- — 208
resorcinol CoHsONa coumarin
4-Ethyl- Malic acid H28504 (85%) 7-Hydroxy-5-methyl-6-ethyl- 50 209
5-methyl- coumarin
resorcinol Ethyl acetoacctate H3804 (85%) 5-Hydroxy-4,7-dimethyi-6-ethyl- 60 209
coumarin
4,6-Diethyl- Malie acid H2S04 (75%) 5-Hydroxy-6,8-diethyleoumarin — 210
resorcinol
Ethyl acetoacetate H2804 (75%) 5-Hydroxy-4-methyl-6,8-dicthyl- — 210
coumarin
Ethyl cyclopentanone-2-car-  POCl3 5-Hydroxy-6,8-diethyleyclopenteno- 38 91
boxylate (1,2’,4,3)-coumarin
Ethyl 4-methylcyclopenta- POCl3 5-Hydroxy-6,8-diethyl-4-methyl- — 91
none-2-carboxylate cyclopenteno-(1',2,4,3)-coumarin
2-Propyl- Ethyl acetoacetate H2S804 (73%) 7-Hydroxy-4,5-dimethyl-8-propyl- — 207
5-methyl- coumarin
resorcinol Ethyl a-methylacetoacetate  H2S04 (739) 7-Hydroxy-3,4,5-trimethyl~ — 207
8-propyleoumarin

Note: References 142244 arc listed on pp. 57-58.



Phenol
2-Propyl-
S-methyl-
resorcinol
(Cont'd)
9,4-Dihy-
droxy-
S-ethyl-
bensoic acid
Methyl 2,4-di-
hydroxy-
5-ethyl-
benzoate

§-Methyl-
resorcinol-
2-carboxylic
acid (p-or-
gellinicacid)

Ethyl
5-methyl-
resorcinol-
6-carbox-
ylate

2,4-Dihy-
droxy-
3-isoamyl-
benzoic acid

5-Methyl~
2-acetyl-
resorcinol
(y-orca~
ceto-
phenone)

5-Methyl-
G-acetyl-
resorcinol
(B-oreaceto-
phenone)

5-Methyl-2-
propionyl-
resorcinol

5-Methyl-
2-butyryl-
resorcinol

2-Ethyl-
4-acetyl-
resorcinol

THE PECHMANN REACTION

TABLE II—Continued

CnNDENSATIONS WITH DIHYDRIC PHENOLS

Acid or Ester

FEthyl a-ethylacetoacetate

Ethyl a-propylacetoacetate

Ethyl acetoacetate
Ethyl acetoacetate
Ethyl acetoacetate
Ethyl acetoacetate
Ethyl acetoacetate

Ethyl acetoacetate

Malic acid
Ethyl acetoacetate

Ethyl acetoacetate

Malic acid

Ethyl acetoacetate

Ethy! acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethy! acetoacetate

Ethyl acetoacetate

Condensing
Agent

H1804 (73%)
H,804 (73%)
H,S804

AlClg

H2804 (73%)
H3804 (80%)
AlCl;

H380,4

H1804
H504

AlCl3

H480,4

H804;
HoS04
(73%);
POCI;

H804

POCl3

AlCI3

H,804

HgSOl

POCl3

Note: References 142-244 are listed on pp. 57-58.

t A carbethoxy) group was eliminated in the condensation.
* An acetyl group was eliminated in the condensation.

§ A propionyl! group was eliminated in the condensation.

Il A butyryl group was eliminated in the condensation.

Product
7-Hydroxy-3-ethyl-4,5-dimethyl-
8-propyleoumarin
7-Hydroxy-3,8-dipropyl<4,5-di-
methyleoumarin
5-Hydroxy-4-methyl-8-ethylcou-
marin-6-catboxylic acid
5-Hydroxy-4-methyl-8-ethyleou-
marin-6-carboxylic acid
Methy! 5-hydroxy-4-methyl-
8-ethyleoumarin-6-carboxylate
Methyl 5-hydroxy-4-methyl-
8-ethyleoumarin-6-carboxylate
Methyl 5-hydroxy-4-methyl-
8-ethylecoumarin-6-carboxylate
7-Hydroxy-4,5-dimethylcoumarin-
8-carboxylic acid

5-Hydroxy-7-methyleoumarin t
Ethyl 5-hydroxy-4,7-dimethyl-
coumarin-6-carboxylate
Ethyl 5-hydroxy-4,7-dimethyl-
coumarin-6-carboxylate
7-Hydroxy-8-isoamylcoumarin-
6-carboxylic acid

5-Hydroxy-4,7-dimethylcoumatin §

5-Hydroxy-4,7-dimethylcoumarin §

5-Hydroxy-4,7-dimethyl-6-acetyl-
coumarin

5-Hydroxy-4,7-dimethyl-6-acetyl-
coumarin

5-Hydroxy-4,7-dimetbylcoumarin §
5-Hydroxy-4,7-dimethylcoumarin §

5-Hydroxy-4,7-dimethylcoumarin ||

7-Hydroxy-4-methyl-6-acetyl-
8-ethylcoumarin

Yield
%

24
38
22

49

67
60

30

41

18

45

Refer-
ence

207
207
211
211

12
211

211

213
213

213

189

214

17

12

17

215

215

184



46

Phenol
4-Ethyl-
2-acetyl-
resorcinol

4-FEthyl-
B-acetyl-
resorcinol

4-Ethyl-
2-benzoyl-
regoreinol

2,4-Diethyl-
b-methyl-
resorcinol
4,6-Diethyl-
5-methyl-
resorcinol

Hydroquinone

Hydro-
quinone
diacetate

Hydro-
quinone
mone-
methy!
ether

2-Chlorohy-
droquinone

2-Methylhy-
droquinone

ORGANIC REACTIONS

TABLE II—Continued

CoNDENSATIONS wITH Dinypric PHENOLS

Acid or Ester
Ethyl a-methylacetoacetate

Ethyl a-sthylacetoacetate
Ethyl a-propylacetoacetate
Ethyl a-butylacetoacetate
Ethyl a-allylacetoacetate
Ethyl benzoylacetate
Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Malic acid
Ethyl acetoacetate

Malic acid

Ethyl acetoacetate

Ethyl a-methylacetoacetate
Ethyl a-methylacetoacetate
Ethy] a-ethylacetoacetate

Diethyl scetonedicarboxylate
Diethyl oxalacetate

Ethyl cyclohexanone-2-car-
boxylate

Ethyl 1-methyleyclohexan-
3-one-4-carboxylate

Ethy! acetoacetate

Ethy! a-methylacetoacetate

Ethyl acetoacetate

Malic acid

Ethyl acetoacetate

Ethyl a-methylacetoacetate

Ethyl a~ethylacetoacetate

Condensing
Agent

H804 (73%)
Ho804 (73%)
H2804 (73%)
Hy804 (73%)
H¢SO4 (73%)
Hz504 (13%)
POCl;

AlCl3

HaS04
H1804 (73%)

AlCl;

H2804 (85%)
H480, (85%)
H,504
H3804
H,504

Py0s

AlCly

H3804
H2804

H480,
H480,

H1804 (73%)

H.80,

H 804 (73%)
H804 (85%)
H:804 (73%)
H2804 (73%)

H2804 (73%)

Note: References 142-244 are listed on pp. 57-68.

Product
7-Hydroxy-3,4-dimethyl-8-ethyl-
8-acetylcoumarin
7-Hydroxy-3,6-diethyl-4-methyl-
8-acetylcowmarin
7-Hydroxy-3-propyl4-methy!-
6-ethyl-8-acetylcoumarin
7-Hydroxy-3-butyl-4-methyl-
6-ethyl-8-acetylcoumarin
7-Hydroxy-3-ally}-4-methyl-
B-ethyl-8-acetylcoumarin
7-Hydroxy-4-phenyl-6-ethyl-
8-acetylcoumarin
§-Hydroxy-4-methyl-6-acetyl-
8-ethylcoumarin
5-Hydroxy-4-methyl-8-acetyl-
8-ethyleoumarin
7-Hydroxy-4-methyl-6-ethyl-
8-bengoylcoumarin
7-Hydroxy-4-methyl-6-ethyl-
8-benzoylcoumarin
7-Hydroxy-4,5-dimethyl-6,8-di-
ethyleoumarin

§-Hydroxy-6,8-diethyl-7-methyl-
coumarin
5-Hydroxy-4,7-dimethyl-6,8-di-
ethylcoumarin
8-Hydroxycoumarin
6-Hydroxy-4-methylcoumarin
6-Hydroxy-3,4-dimethylcoumarin

6-Hydroxy-2,3-dimethylehromone

6-Hydroxy-3-ethyl-4-methylcou-
marin

Ethyl 6-hydroxycoumarin-4-acetate

Ethyl 6-hydroxycoumarin-4-car-
boxylate
6-Hydroxy-3,4-cyclohexenocou-
marin
6-Hydroxy-5'-methyl-3.4-cyelo-
hexenocoumarin
6-Hydroxy-4-methyleoumarin

8-Methoxy-3 4-dimethylcoumarin

8-Hydroxy-4-methyl-7-chlorocou-
marin

8-Hydroxy-7-methylcoumarin

6-Hydroxy-4,7-dimethylcoumarin

6-Hydroxy-3,4,7-trimethylcou-
marin

6-Hydroxy-3-ethyl-4,7-dimethyl-
coumarin

Yield
%o
75

70

70

50

80

39

66

Poor
20-34
3
30

Paor

10
2

30

Poor

20
45
70
45

25

Refer-
ence

55
85
55
55
55
55
12
117
218
207

207

209

209

39
148,217
108,217

4

207

26
89

9
9

56

218

56
219
56

56



THE PECHMANN REACTION

TABLE II—Continued

CONDENSATIONS WITH DIHYDRIC PHENOLS

Phenol Acid or Ester
2.Methylhy-  Ethyl a-propylacetoacetate
droquinone
(Conl’d) Ethyl benzoylacetate
2-Ethylhy- Ethyl acetoacetate
droquinone
Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacetoacetate
Ethyl benzoylacetate
2-Amylhydro- Ethyl 1-methylcyclohexan-
quinone 3-one-4-carboxylate
Trimethylh Ethyl acetoacetate
droquinone

Ethyl a-methylacetoacetate

Condensing
Agent

H2804 (73%)
H,804 (73%)
H2804 (73%)
H2804 (713%,)
H2804 (13%)
H2804 (13%)
H280, (13%)
H,804

P20;

P20s

Note: References 142-244 are listed or pp. 57-58.

Phenol
Pyrogallol

TABLE

Product
6-Hydroxy-3-propyl-4,7-dimethyl-
coumarin
6-Hydroxy-4-phenyl-7-methyl-
coumarin
§-Hydroxy-4-methyl-7-ethylcou-
marin
6-Hydroxy-3,4-dimethyl-7-ethyl-
coumarin
6-Hydroxy-3,7-diethyl-4-methyl-
coumarin
6-Hydroxy-3-propyl-4-methyl-
T-ethyleoumatin
6-Hydroxy-4-phenyl-7-ethylcou-
marin
6-Hydroxy-5"-methyl-7-amyl-
3,4-cyclohexenocoumarin
6-Hydroxy-2,5,7,8-tetramethyl-
chromone
6-Hydroxy-2,3,5,7,8-pentamethyl-
chromone

II1

CONDENSATIONS WITH TRIHYDRIC PreNoLs

Acid or Ester

Malic acid

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl a-chloroacetoacetate

Ethyl a-chloroacetoacetate
Ethyl a~methylacetoacetate
Ethyl a-methylacetoacetate
Ethyl a~ethylacetoacetate
Ethyl a-sliylacetoacetate
Ethyl a-allylacetoacetate
Ethyl a-(a-hydroxy-B,8.6-
trichloroethyl)acetoacetate

Ethyl a-(a-hydroxy-8,8,8-
trichloroethyl)acetoacetate

Condensing
Agent

H,804
H2804

Py0s

H3PO4
FeCls; TiCly
SnCly

H S04

P205

H2S04

Pz0s

H,804
POCl3

HCl

H2804 (78%)

POCl;

" Nole: References 142-244-are listed on pp. 57~58.

Product
7,8-Dihydroxycoumarin
7,8-Dihydroxy-4-methylcoumarin
7,8-Dihydroxy-4-methylcoumarin
7,8-Dihydroxy-4-methylcoumarin
7,8-Dihydroxy-4-methylcoumarin
7.8-Dihydroxy-4-methylcoumarin
7,8-Dihydroxy-3-chloro-4-methyl-

coumarin
7.8-Dihydroxy-3-chloro-4-methyl-
coumarin
7.8-Dihydroxy-3,4-dimethyleou-
marin
7,8-Dihydroxy-3,4-dimethylcou-
marin
7,8-Dihydroxy-3-ethyl-4-methyl-
coumarin
7,8-Dihydroxy-3-allyl-4-methyl-
coumarin
7,8-Dihydroxy-3-(8-chloropropyl)-
4-methylcoumarin
7,8-Dihydroxy-3-(a-hydroxy-8,8,6-

trichloroethyl)-4-methylcoumarin
7.8-Dihydroxy-3-(a-hydroxy-8.8.8-

trichloroethyl)-4-methylcoumarin

Yield
%o
20
45
45
40
35

5-10

15

Yield
%%

32

Quant.
50

Poor

68
47

26

Quant

47

Refer-

ence
56

56
56
§6
56
56
56
36
220, 221

221

Refer~
ence

1
2
33, 107
127
128
128
32
33
107
33, 107
33
70

124

72



48

Phenol

Pyrogallol
(Cont’d)

ORGANIC REACTIONS

TABLE TII—Conttnued

CONDENSATIONS WITH TRIHYDRIC PHENOLs

Acid or Ester
Ethyl a-phenylacetoaeetate

Ethyl a-phenylacetoacetate
Ethyl a-benzylacetoacetate
Ethyl a-benzylacetoacetate

Ethyl a-o-carboxybenzyl-
acetoacetate
Diethy! acetosuccinate

Diethyl acetosuccinate
Diethyl acetosuccinate
Diethyl acetosuccinate
Diethyl a-acetylglutarate
Ethyl a-phthalylacetoacetate
Acetonedicarboxylic acid

Ethyl butyroacetate

Ethyl benzoylacetate

Ethy! benzoylacetate

Ethyl benzoylacetate

Ethyl a-benzylbenzoylacetate

Ethyl a-benzylbenzoylacetate

Ethyl 3,4,5-trimethoxyben-
zoylacetate

Ethyl y-phenylacetoacetate

Ethyl eyclopentanone-2-car-
boxylate

Ethyl 4-methylcyclopenta-
none-2-carboxylate

Ethyl 4-methylcyclopenta-
none-2-carboxylate

Ethyl 4-methylcyclohexa-
none-2-carboxylate

Ethyl 5-methylcyclohexa-
none-2-carboxylate

Ethyl 5-methylcyclohexa-
none-2-carboxylate

Ethyl 6-methylcyclohexa-
none-2-carboxylate

Ethyl trans-g-decalone-
3-carboxylate

Ethyl B-coumaranone-
2-carboxylate

Ethyl 5-methyl-3-coumara-
none-2-carboxylate

Condensing
Agent,

H»804
H3;P0O,4
H>804
POCl;
HCI
Ho804
(at 0°C)
H380, (room
temp.}
H2504 (room
temp.)
POCl3
H2804 (78%)
HCl
HeS50,
H3804 (75%)
Ho804
P20s
H3PO4
H3804
HCL
H32804 (73%)

Ho80, (80%)
POCI3

H2804
POCl3
H1804
H2804
Hs80y4;
POCI;

POCl3
H,804
HCL

HC1

Nole: References 142-244 are listed on pp. 57-58.

Product
7,8-Dihydroxy-3-phenyl-4-methyl-
eoumarin
7,8-Dihydroxy-3-phenyl-4-methyl-
eoumarin
7,8-Dihydroxy-3-benzyl-4-methyl-
coumarin
7,8-Dihydroxy-3-benzyl-4~methyl-~
coumarin
7,8-Dihydroxy-3-o-carboxybenzyl-
4-methyleoumarin
Ethyl 7,8-dihydroxy-4-methyl-
eoumarin-3-acetate
7,8-Dihydroxy-4-methylcoumarin-
3-acetic aeid
Ethyl 7,8-dihydroxy-4-methyl-
coumarin-3-acetate
Ethyl 7,8-dihydroxy-4-methyl-
coumarin-3-acetate
7,8-Dihydroxy-4-methylcoumarin-
3-propionic acid
7,8-Dihydroxy-4-methylcoumarin-
3-benzoyl-o-carboxylic acid
7,8-Dihydroxycoumarin-4-acetic
acid
7,8-Dihydroxy-4-propylcoumarin
7,8-Dihydroxy-4-phenylcoumarin
7,8-Dihydroxy-4-phenyleoumarin
7,8-Dihydroxy-4-phenylcoumarin
7,8-Dihydroxy-3-benzyl-4-phenyl-
coumarin
7,8-Dihydroxy-3-benzyl-4-pheny!-
coumarin
7,8-Dihydroxy-4-(3’ 4',5'-trimeth-
oxyphenyl)cournarin
7,8-Dihydroxy-4-benzylcoumarin
7,8-Dihydroxyeyelopenteno-
(1,2’ 4,3)-coumarin
Methyl-a,8-cyelotrimethylene-
daphnetin
7,8-Dihydroxy-4'-methyleyclo-
penteno-(1/,2,4,3)-eoumarin
7,8-Dihydroxy-4'-methyleyclo-
hexeno-(1,2,4,3)-coumarin
3,4-Tetrahydro-4"-methylbenzo-
7.8-dihydroxycoumarin
7,8-Dihydroxy-5"-methylcyclohex-
eno-(1',2',4,3)-coumarin
7.8-Dihydroxy-6'-methyleyclohex-
eno-(1’,2’ 4,3)-coumariu
7.8-Dihydroxy-trans-octalino-
(27,3",4,3)-coumarin
7,8-Dihydroxyeoumarouo-
(2',3",4,3)-coumarin
7,8-Dihydroxy-5'-methyleouma-
rono-(2',3",3,4)-coumarin

Yield
T

Excel-
lent
45

40-60

Quant.

Refer-
ence

105
127
105
172
79
34
34
127
34
77
79
26
35
222
107
127
105
105
223

81
91

92

91

97

94

97

97

97

100

100



Phenol

Pyrogallol
(Cont’d)

4-Ethyl-
pyrogallol

Methyl
pyrogallol-
4-earboxyl-
ate

Ethyl
pyrogallol-
4-carboxyl-
ate

Gallaceto-
Pphenone
w-Chlorogall-
acetophe-~

Done
Hydroxyhy-
droquinone

THE PECHMANN REACTION

TABLE III—Conttnued

CoNDENSATIONS WITH TRIHYDRIC PHENOLS

Acid or Ester
Ethyl 6-methoxy-g-coumara-
none-2-earboxylate
Ethyl 3-hydroxy-7-methoxy-
3-chromene-4-carboxylate
Ethyl 3-hydroxy-8-methoxy-
3-chromene-4-carboxylate
Ethyl 3-hydroxy-6,7-di-
methoxy-3-chromene-
4-carboxylate
Ethyl acetoacetate
Ethy! a-methylacetoacetate
Ethyl «-ethylacetoacetate
Ethyl a-propylacetoacetate

Ethyl a-(a-hydroxy-8,8,8-
trichloroethyl)acetoacetate

Ethy! a-(a-hydroxy-8,8,8-
trichloroethyl)acetoacetate

Diethyl acetosuccinate
Ethyl benzoylacetate

Ethy! acetoacetate

Ethyl acetoacetate

Ethy! a-methylacetoacetate
Ethyl a-ethylacetoacetate
Ethyl a-propylacetoacetate
Ethy! benzoylacetate
Ethyl acetoacetate

Malic acid

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl a-chloroacetoacetate

Acetonedicarboxylic acid

Diethyl oxalacetate

Condensing
Agent

HCl
H.S04
(86%); HC1
H,S04
(85%,); HC1
H2804 (85%)
H,804 (73%)
H2804 (73%)
H.804 (713%)
H2804 (13%)

H804 (80%)

POCl3

POCl3
H:804 (73%)

Hs804 (73%)

H2804 (713%)
H280, (73%)
H2804 (713%)
H4804 (73%)
H2804 (73%)
POCl;
H»804
H804

ZnCly

HCL

H;80,
He80,

H2504

Note: References 142-244 are listed on pp. 57-58.

Product
7,8-Dihydroxy-6"~methoxycouma-
rono-(2',3",3,4)~coumarin
7,8-Dihydroxy-7'-methoxychro-
meno-(3',4',4,3)-coumarin
7,8-Dihydroxy-8'-methoxyehro-
meno-(3,4’,4,3)-coumarin
7,8-Dihydroxy-6',7’-dimethoxy-
chromeno-(3',4’,4,3)-coumarin

7,8-Dihydroxy-4-methyl-6-ethyl-
eoumarin

7,8-Dihydroxy-3,4-dimethyl-6-ethyl-
coumarin

7,8-Dihydroxy-3,6-diethyl-4-methyl-
coumarin

7,8-Dihydroxy-3-propyl-4-methyl-
6-ethylcoumarin

7,8-Dihydroxy-3-(a-hydroxy-8,8,8-
trichloroethyl)~4-methyl-6-ethyl-
coumarin

7.8-Dihydroxy-3-(a-hydroxy-3,8,8-
trichloroethyl)-4-methyl-6-ethyl-
coumarin

Ethyl 7,8-dihydroxy-4-methyl~
6-ethyleoumarin-3-acetate

7,8-Dihydroxy-4-phenyl-6-ethyl-
coumarin

Methyl 7,8-dihydroxy-4-methyl-
coumarin-6-carboxylate

Ethyl 7,8-dihydroxy-4-methyl-
coumarin-6-carboxylate

Ethyl 7,8-dihydroxy-3,4-dimethyl-
coumarin-g-carboxylate

Ethyl 7,8-dihydroxy-3-ethyl-
4-methylcoumarin-6-carboxylate

Ethyl 7,8-dihydroxy-3-propyl-
4-methylcoumarin-6-earboxylate

Ethyl 7,8-dihydroxy-4-phenyl-
coumarin-6-catboxylate

7,8-Dihydroxy-4-methyl-6-acetyl-
coumarin

7,8-Dihydroxy-6-ehloroacetyl-
coumarin

6,7-Dihydroxy-4-methylcoumarin

6,7-Dihydroxy-4-methylcoumarin

6,7-Dihydroxy-4-methyleoumarin

6,7-Dihydroxy-3-chloro-4-methyl-
coumarin

6,7-Dihydroxycoumarin-4-acetie
acid

Ethy! 6,7-dihydroxycoumarin~
4-carboxylate

Yield
Vi

Poor

70
50
30
25

Poor

52

50
70

30

25

60-65

95
Poor

Poor

49

Refer-
ence

100
99
99

99

57
57
57
57

74

74

181
57

57

57
57
57

57

24
225
123

26

28

24



50

Phenol
2,4-Dihy-
droxyanisole
Hydroxyhy-
droquinone
triacetate

Phloroglucinol

ORGANIC REACTIONS

TABLE TIT—Continued

CoNDENSATIONS WITH TRIHYDRIC PHEXOLS

Acid or Ester

Ethy! acetoacetate
Malic acid
Ethyl acetoacetate
Diethyl oxalacetate
Ethyl hydroxymethylene

phenylacetate
Ethyl acetoacetate
Ethy] acetoacetate (3 moles)
Ethyl acetoacetate
Ethyl acetoacctate
Ethyl acetoacetate
Ethyl acetoacetate
Ethyl c-chloroacetoacetate
Ethy! a-chloroacetoacetate

Ethyl a-methylacetoacetate

Ethyl a-ethylacetoacetate

Ethy! a-allylacetoacetate
Ethyl a-allylacetoacetate
Ethyl a-(a-hydroxy-g,8,8-
trichloroethyl)acetoacctate
Ethyl a-(a-hydroxy-8,8,8-
trichloroethyl)acetoacetate
Ethyl a-phenylacetoacetate
Ethyl a-benzylacetoacetate
Ethyl a-benzylacetoacetate
Ethyl a-o-carboxybenzyl-
acetoacetate

Diethyl acetosuccinate

Diethyl acetosuccinate
Diethy] acetosuccinate

Diethyl a-acetylglutarate

Ethyl phthalylacetoacetate
Acetonedicarboxylic acid

Ethyl butyroacetate

Condensing
Agent

H3804

H2S04 (97%)
Ho80,

(73-

75%)
ZnCl2

H2804 (80%)
H280,4
H,80,
PZOB
HiPO4
FeCl3
SnCly
H.804
P20s
H4504
(75%);
P,05
H2804
(73%);
P05
H,804
HC1
P,05
POCl3
ZnCl,
H2S04
POClg
HCL
H,S04

H2804 (80%)
POCls

H2S04
(coned. and
78%)

HCI

H,50,4

H2804 (75%)

Note: References 142-244 are listed on pp. 57-58.

Product
7-Hydroxy-6-methoxy-4-methyl-
coumarin
6,7-Dihydroxycoumarin
6,7-Dihydroxy-4-methylcoumarin

Ethyl 6,7-dihydroxycoumarin-
4-carboxylate
8,7-Dihydroxy-3-phenylcoumarin

5,7-Dihydroxy-4-methylcoumarin
Trimethyltricoumarin
5,7-Dihydroxy-4-methylcoumarin
5,7-Dihydroxy-4-methylcoumarin
5,7-Dihydroxy-4-methylcoumarin
5,7-Dibydroxy-4-methylcoumsarin
5,7-Dihydroxy-3-chloro-4-methyl-
ooumarin
5,7-Dihydroxy-3-chloro-4-methyl-
coumarin
5,7-Dihydroxy-3,4-dimethylcou-
marin

5,7-Dihydroxy-3-ethyl-4-methyl-
coumarin

5,7-Dihydroxy-3-allyl-4-methyl-
coumarin
5,7-Dihydroxy-4-methyl-3-(8-chloro-
propyl)coumarin
5,7-Dihydroxy-3-(a-hydroxy-3,8.8-
trichloroethyl)-4-methylcoumarin
5,7-Dihydroxy-3-(a-hydroxy-8,8,8-
trichloroethyl)-4-methylcoumarin
5,7-Dihydroxy-3-phenyl-4-methyl-
coumarin
5,7-Dihydroxy-3-benzyl-4-methyl-
coumarin
5,7-Dihydroxy-3-benzyl-4-methyl-
coumarin
5,7-Dihydroxy-3-0~carboxybenzyl-
4-methylcoumarin
Ethyl 5,7dihydroxy-4-methyl-
coumarin-3-acetate
5,7-Dihydroxy-4-methylcoumarin
Ethyl 5,7-dibydroxy-4-methyl-
coumarin-3-acetate
5,7-Dihydroxy-4-methylcoumarin~
3-propionic acid

5,7-Dihydroxy-4-methylcoumarin-
3-benzoyl-o-carboxylic acid

5,7-Dihydroxycoumarin-4-acetic
acid

5,7-Dihydroxy-4-propylcoumarin

Yield Refer-

%o

30
92

46

72

Poor

29

ence
226

227
60, 219
24
228
229
170
101
127
128
128
26
33

101

101

70
124
72
72
105
105
172
79
179

34
34



Phenol

THE PECHMANN REACTION

TABLE III—Continued

CoNDENSATIONS WITH TRIHYDRIC PHENOLS

Acid or Ester

Phloroglucino! Ethyl benzoylacetate

(Cont’d)

Phloroglucinol
mono-
methyl
etber

Phloroglucinol
dimethyl
ether

Methyl-
phloro-

glucinol

Ethyl benzoylacetate
Ethyl o-benzylbenzoylacetate

Ethyl 3,4,5-trimethoxy-
benzoylacetate
Ethyl y-phenylacetoacetate

Ethyl cyclopentanone-2-car-
boxylate

Ethyl 4-methylcyclopenta-
none-2-carboxylate

Ethyl cyclohexanone-2-car-
boxylate

Ethyl 4-methyloyclohexa~
none-2-carboxylats

Ethyl 5-methylcyclohexa-~
none-2-carboxylate

Ethyl 5-methylcyclohexa~
none-2-carboxylate

Ethyl 6-methylcyclohexa~
none-2-carboxylate

Ethyl trans-8-decalone-
3-carboxylate

Ethyl 8-coumaranone-2-car-
boxylate

Ethyl 5-methyl-8-coumara-
none-2-carboxylate

Ethyl 8-methoxy-g-coumara-
none-2-carboxylate

Ethyl 3-hydroxy-7-methoxy-
3-chromene-4-carboxylate

Ethy) 3-hydroxy-8-methoxy-
3-chromene-4-carboxylate

Ethyl 3-hydroxy-6,7-dimeth-
oxy-3-chromene-4-car-
boxylate

Ethyl acetoacetate

Ethyl acetoacetate
Ethyl acetoacetate
Ethyl a-mcthylacetoacetate

Ethyl a-benzylacetoacetate
Ethyl a~p-methoxybenzyl-

acetoacetate
Malic acid

Condensing
Agent

P30s

chlz

ZnCly

H,504 (73%)

H,80,
(coned.
and 80%,)

POCl;

POC;

POCl3

POCl;

H380y4;
POCl3

ZnClg

POCl;

H,804

HCI

HC1

HCI

HCI

Hz804
(85%): HCL

H2S0;4 (85%)

H3PO,4

P;0s
H3PO,
P20;
P05
P205

H504

Note: References 142-244 are listed on pp. 57-58.

Product

5,7-Dihydroxy-4-phenylcoumarin
5,7-Dihydroxy-4-phenylcoumarin
5,7-Dihydroxy-3-benzyl-4-phenyl-

coumarin

5,7-Dihydroxy-4-(3',4’,5"-trimeth-

oxyphenyl)coumarin

5,7-Dihydroxy-4-benzylcoumarin

5,7-Dihydroxycyclopenteno-
(1’,2',4,3)-coumsrin
5,7-Dihydroxy-4 -methyleyelo-
penteno-(1',2,4,3)-coumariu
5,7-Dihydroxycyclohexeno-
(1%,2",4,3)-coumarin
5,7-Dihydroxy-4’-methyleyclo-
hexcno-(1/,2’,4,3)-coumarin
5,7-Dihydroxy-5’-methylcyclo-
hexeno-{1’,2",4,3)-coumarin

3,4-Tetrahydro-4'-methylbenzo-

5,7-dihydroxycoumarin
5,7-Dihydroxy-6'-methylcyclo-

hexeno-(17,2’,4,3)-coumarin
5,7-Dihydroxy-trans~octalino-

(2',3",4,3)-coumarin

5,7-Dihydroxycoumarono-{2’,3',3,4)~

coumarin

5,7-Dihydroxy-5’-methylcoumarono-

(2',3,3,4)-coumarin

5,7-Dihydroxy-6’-methoxycouma-

rono-(2’,3’,3,4)-coumarin

5,7-Dihydroxy-7’-methoxychro-

meno-(3’,4’,4,3)-coumarin

5,7-Dihydroxy-8’-methoxychro-

meno-~(3’,4’,4,3)-coumarin
(impure)

5,7-Dihydroxy-6’,7'-dimethoxy-
chromeno-(3’,4",4,3)-coumarin

(impurc)

5-Hydroxy-7-methoxy-4-methyl-
coumarin and 7-hydroxy-5-meth-

oxy-4-methylcoumarin

5,7-Dimethoxy-4-methylcoumsrin
5,7-Dimethoxy-4-mcthylcoumarin
5,7-Dimcthoxy-3,4-<dimethylcou-

marin

5,7-Dimethoxy-3-benzyl-4-methyl-

coumarin

5,7,4"-Trimethoxy-3-benzyl-4-meth-

yleoumarin

Isolated as 5,7-dimethoxy-8-mecthyl-
coumarin and 5,7-dimethoxy-
6-methylcoumarin after methyla-

tion

Yield
%

85~90

55

75-80

70
63

18

51

Refer-
ence

101
222
105
223

80, 81

o1
91
124
97
97
94
‘97
97
100
100
100
99

99

99

101
230
101
231
231

232



52

Phenol
Methyl-
phloro-
glueinol
(Cond'd)
Dimethyl-
phloro-
glucinol
Methyl
phloro-
glucinol
carboxylate
Phloroaceto-
phenone

Phlorobenzo-
phenone

ORGANIC REACTIONS

TABLE 111—Continued

CONDENSATIONS WITH TRIHYDRIC PHENOLS

Acid or Ester
Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate
Ethyl acetoacetate
Ethyl acetoacctate
Ethyl acetoacetate

Ethyl acetoacetate

Condensing
Agent

H,504

H3S04

H2804 (80%)
AlCl3

H2804

AlCl3

H1304 (85%)

Note: References 142-244 are listed on pp. 57-58.

Phenol
a-Naphthol

TABLE

Product

5,7-Dihydroxy-4,6-(or 8)-dimethyl-
coumarin

5,7-Dihydroxy-4,6,8-trimethyl-
coumarin

Methyl 5,7-dihydroxy-4-methyl-
coumarin-6(or 8)-carboxylate
Methyl 5,7-dihydroxy-4-mcthyl-
coumarin-6{or 8)-carboxylate
5,7-Dihydroxy-4-methyl-6(or 8)-
acetylcoumarin
5,7-Dihydroxy-4-methyl-6{or 8)-
acetylcoumarin
5,7-Dihydroxy-4-methyl-6(or 8)-
benzoylcoumarin

v

CONDENSATIONS WITH NAPHTHOLS *

Acid or Ester
Malic acid

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacetate

Ethyl acetoacctate

Ethyl a-chloroacetoacetate
Ethy! a-chloroacetoacetate
Ethyl a-methylacetoacetate
Ethyl a-methylacetoacetate
Ethyl a-ethylacetoacetate

Ethyl a-propylacetoacetate

Ethyl a-isopropylaceto-
acetate

Condensing
Agent
H2S04
H,504
H3304
(80-84%)
Ps0s
HCI
H3POyq;
CH3C02Na
H3304

P20s

H3304
(coned. or
849,)

P205

H,504

Note: References 142-244 are listed on pp. 57-58.

* The coumarins and chromones derived from naphthols have been called a- or S-naphthacoumaring or a- or §-naphtha-
chromones by various workers, These names are inappropriate as they do not convey the proper idea of the structures
of these compounds. The names 1,2.a-naphthapyrone and 1,4,a-naphthapyrone for the coumarins and chromones,
respectively, from a-naphthol and 1,2,8,a-naphthapyrone and 1,2,8,8-naphthapyrone for the coumaring from S-naphthol,
and 1,4,8,a-naphthapyrone and 1,4,8,8-naphthapyrone for the chromones from A-naphthol as suggested by Dey and
Lakshminarayan (ref. 110) are rational. However, in order to avoid confusion, the original names as given by the authors
are given in the tables.

Product
a-Naphthacoumarin
4-Methyl-a-naphthacoumarin
4-Mcthyl-1,2,a-naphthapyrone

4-Methyl-1,2,a-naphthapyrone
4-Methyl-1,2,a~-naphthapyrone
4-Methyl-1,2,a-naphthapyrone

3-Chioro-4-methyl-1,2,c-naphtha-~
pyTone

3-Chloro-4-methyl-1,2,a-naphtha-
pyrone

3,4-Dimethyl-a-naphthacoumarin

3,4-Dimethyl-a-naphthacoumarin

3-Ethyl-4-methyl~a-naphthacou-
marin

3-Propyl-4-methyl-1,2,a-naphtha-
pyrone

3-Isopropyl-4-methyl-1,2,a-naph-
thapyrone

Yield
o
95

69

47
44
18

18

Quant.
18
93

Good

33
30

Refer-
ence

58

59
59
17
17

207

Refer-
ence

233
233,234
108, 156

33,108
123, 234
127
26,159
33

33, 75,
108

33, 108
233

33

33



Phenol

a-Naphthol
(Cont'd)

4-Chlorg-
c-naphthol

THE PECHMANN REACTION

TABLE IV—Conitnued

CONDENSATIONS WITH NAPHTHOLS
C

Acid or Ester
Ethyl a-allylacetoacetate

Ethyl a-allylacetoacetate

Ethyl a-(a-hydroxy-8,8,8-
trichloroethyl)acetoace-
tate

Ethyl a-phenylacetoacetate

Ethyl a-benzylacetoacetate
Ethyl a-benzylacetoacetate
Diethyl acetosuccinate
Diethyl acetosuccinate
Diethyl acetosuccinate
Diethy! acetosuceinate
Diethyl acetosuceinate
Diethyl a-acetylglutarate
Diethyl a-acetylglutarate
Ethyl v-bromoscetoacetate

Acetonedicarboxylic acid
Diethy! oxalacetate

Ethy! butyroacetate

Ethy! a-benzylbenzoyl-
acetate

Ethyl v-phenylacetoacetate

Ethyl cyclopentanone-2-car-
boxylate

Ethyl 4-methylcyclopenta-
none-2-carboxylate

Ethyl cyclohexanone-2-car-
hoxylate

Ethyl 4-methyleyclohexa-
none-2-carboxylate

Lithyl 5-methylcyclohexa-
none-2-carboxylate

Ethyl 6-methylcyclohexa-
none-2-carboxylate

Ethyl trans-g-decalone-
3-carboxylate

Malic acid

Ethyl acetoacetate

Condensing
Agent

30,4
HC1

POCl3

H480,4
H2804
POClg
H.80,
H280;4 (80%)
PyOs

POCl3

AlCl3

H,80,
H4S80, (78%)
H2804

Hg804
H804

H2804 (75%)
H2S04;
SnCly
H2804 (80%)
H2804
HzSOA
H2804
H480,4
H3280;;
POCl;
POClg
HaS04

H,804
H2S04

Note: Relerences 142-244 are listed on pp. 57-58.
T The 1.4,0-naphthapyrone structure originally assigned to this compound is incorreet; refa. 105.

Product
3-Allyl-4-methyl-5,6-naphtha-
a-pyTone
3-8-Chloropropyl-4+-methyl-
5,6,c-naphtha-1,2-pyrone
4-Methyl-3-(a-hydroxy-8,8,8-tri-
chloroethyl)-1,2,a-naphthapy-
rone
3-Phenyl-4-methyl-1,2,a-naphtha-
pyrone t
3-Benzyl-4-methyl-1,2,a-naphtha-
pyrone t
3-Benzyl-4-methyl-1,2, a-naphtha-
pyrone
Ethyl 4-methyl-1,2,a-naphtha-
pyrone-3-acetate
4Methyl-1,2,0-naphthapyrone-
3-acetic acid
Ethyl 4-methyl-1,2,a-naphtha-
pyrone-3-acetate
4-Methyl-1,2,a-naphthapyrone-
3-acetic acid
4-Methyl-1,2,a-naphthapyrone-
3-acetic acid
Ethy! 4-methyl-1,2,a-naphtha-
pyrone-3-propionate
4-Methyl-1,2,a-naphthapyrone-
3-propionic acid
4-Bromomethyl-1,2,-naphtha-
pyrone

Yield
%o
86

25

40

27

13

1,2,a-Naphthapyrone-4-acetic acid  Good

Ethyl a-naphthacoumarin-4-car-
boxylate
a-Naphtha-4-propyl-a-pyrone
3-Benzyl-4-phenyl-1,2,a-naphtha~
pyrone
a-Naphtha-4-benzyl-a-pyrone
Cyclopenteno-(17,2,4,3)-1,2,c~
naphthapyrone
4’-Methylcyclopenteno-(1',2",4,3)-
1,2,a-naphthapyrone
3,4-Tetrahydrobenzonaphtha-
coumarin .
4’-Methylcyclohexeno-(1,2",4,3)-
1,2,a-naphthapyrone
5'-Methylcyclohexeno-(1',2,4,3)-
1,2,a-naphthapyrone
6’-Methyleyclohexeno-(1°,2,4,3)-
1,2,a-naphthapyrone
trans-Octaline-(2",3°,4,3)-1,2,a-
naphthapyrone
6-Chloro-1,2,a,8-naphthapyrone
6-Chloro-4-methyi-1,2,a,8-naph-
thapyrone

Quant,.

|

-1
—_

91

Refer-
ence

70
124

72

104
102
172
34, 75,
34
34
34
34
7

77

26
233

35
103

81
91

94
97
97
97
97

61
61
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TABLE IV—Continued

CONDENSATIONS WITH NAPHTHOLS

Condensing Yield  Refer-
Phenol Acid or Ester Agent Product % ence
4-Chloro- Ethyl acetoacetate Py0s; 6-Chloro-4-methyl-1,2,or,8-naph- — 61
a-naphthol C2H5ONa; thapyrone
(Cont'd) CH3CO2Na
Ethyl a-chloroacetoacetate  H2S0y; P20s  3,6-Dichloro4-methyl-1,2,a,8- — 61
naphthapyrone
Ethyl a-methylacetoacetate HoSOy4 6-Chloro-3,4-dimethyl-1,2,a,3- 48 61
naphthapyrone
Ethyl a-methylacetoacetate P20p 6-Chloro-2,3-dimethyl-1,4,a,5- — 61
naphthapyrone
Ethyl a-ethylacetoacetate H)804 6-Chloro-3-ethyl-4-methyl- — 61
1,2,a,8-naphthapyrone
Ethy] a-ethylacetoacetate P20s 8-Chloro-2-methyl-3-ethyl- — 61
1,4,,8-naphthapyrone
Ethyl a-propylacetoacetate  HoS04 8-Chloro-3-propyl-4-methyl- — 61
1,2,a,8-naphthapyrone
Ethyl a-propylacetoacetate  P205g 6-Chloro-2-methyl-3-propyl- — 61
1,4,a,8-naphthapyrone
Ethyl a-isobutylacetoacetate H2S04 8-Chloro-3-isobutyl-4-methyl- — 61
1,2,a,8-naphthapyrone
Ethyl a-isobutylacetoacetate P305 6-Chloro-2-methyl-3-isobutyl- — 61
1,4,a,8-naphthapyrone
Ethyl a-phenylacetoacetate H3SO4 6-Chloro-3-phenyl-4-methyl- — 61
1,2,a,8-naphthapyrone
Ethyl a-benzylacetoacetate H2SO4 6-Chloro-3-benzyl-4-methyl- — 61
1,2,,8-naphthapyrone
Diethyl acetosuccinate H804 Ethyl 6-chloro-4-methyl-1,2,a,8- — 61
naphthapyrone-3-acetate
Diethyl acetosuccinate H2S04 Ethyl 6-chloro4-methyl-1,2,a,8- — 42

naphthapyrone-3-acetate
6-Chloro-4-methyl-1,2,e,8-naph- —
thapyrone-3-acetic acid

Diethy! acetosuccinate Hy504 (80%) 6-Chloro-4-methyl-1,2,cr,8-naph- — 42
thapyrone-3-acetic acid
Acetonedicarboxylic acid H2804 6-Chloro-1,2,a,8-naphthapyrone- — 61
4-acetic acid
Ethyl benzoylacetate H,804 6-Chloro-4-phenyl-1,2,a,8-naph- — 61
thapyrone
4-Bromo- Ethy! acetoacetate H2804; P20s  6-Bromo-4-methyl-1,2,a,3-naph- 61
a-naphthol thapyrone
Ethyl a-methylacetoacetate H2SO4 6-Bromo-3,4-dimethyl-1,2,c,3- — 61
naphthapyrone
Ethyl a-methylacetoacetate P20 6-Bromo-2,3-dimethy!-1,4,a,8- — 61
naphthapyrone
Ethyl a-benzylacetoacetate  H2SO04 6-Bromo-3-benzyl-4-methyl- — 61
1,2,&,8-naphthapyrone
4-Acetyl- Ethy) acetoacetate H2S804; 4-Methyl-1,2,a-naphthapyrone { — 12
a-naphthol POCl3
Ethyl acetoacetate AlCl; 4-Methyl-1,2,a-naphthapyrone { — 117
4-Propionyl- Ethyl acetoacetate H,80y; 4-Methyl-1,2,a-naphthapyrone § —- 12
a-naphthol POCl;3
Ethyl acetoacetate AlCl3 4-Methyl-1,2,a-naphthapyrone § — 117
4-Butyryl- Ethyl acetoacetate POCl3 4-Methyl-1,2,a-naphthapyrone || — 12

a-naphthol

Note: References 142-244 are listed on pp. 57-58.

1 An acetyl group was eliminated in the condensation.

§ A propionyl group was eliminated in the condensation.
|l A butyryl group was eliminated in the condensation.
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TABLE IV—Continued

CONDENSATIONS WITH NAPHTHOL:

Condensing Yield Refer-
Phenol Acid or Fster Agent Product, % ence
8-Naphthol Malic acid HyS04 B-Naphthacoumarin Poor 39
Ethyl acetoacetate H.804 4-Methyl-1,2,8,a-naphthapyrone 20-39 234,235
Ethyl acetoacetate HsS04 4-Methyl-1,2,8,a-naphthapyrone 25 110

2-Methyl-1,4,8,a-naphthapyrone Traces
(isolated as styryl derivative)

Ethyl acetoacetate H2804 (80%) 4-Methyl-1,2,8,a-naphthapyrone 70 155

Ethyl acetoacetate P20s5 2-Methyl-1,4,8,a-naphthapyrone 10 110

Ethy! acetoacetate CH3CO9Na 4-Methyl-1,2,8,a-naphthapyrone — 127

2-Methyl-1,4,8,a-naphthapyrone —

Ethyl a-methylacetoacetate HoS0, 3,4-Dimethyl-1,2,8,a-naphtha- — 71
pyrone

Ethyl a-methylacetoacetate P»0; 2,3-Dimethyl-1,4,8,c-naphtha- — 71
pyrone

Ethyl a-ethylacetoacetate P05 2-Methyl-3-ethyl-1,4,8,a-naphtha- — 71
pyrone

Ethyl a-propylacetoacetate  P30s 2-Methyl-3-propyl-1,4,8,a-naph- — 71
thapyrone

Ethyl a-isopropylaceto- P05 2-Methyl-3-isopropyl-1,4,8,a- — 71

acetate naphthapyrone

Diethyl formylsuccinate HoS04 B-Naphthapyrone-3-acetic acid -— 76

Diethy! acetosuccinate HoS04 4-Methyl-B-naphthapyrone- 40 34,76
3-acetic acid .

Ethyl y-bromoacetoacetate  HyS04 4-Bromomethyl-g-naphthapyrone — 83

Acetonedicarboxylic acid H,804 4,3,8-naphthapyrone-l-acetic acid — 26

Diethyl ozalacetate H2S804 Ethyl 4,3,8-naphthapyrone- — 26
carboxylate

Ethyl benzoylacetate P40 B-Naphthoflavone 30 236

Ethyl cyclopentanone- Py0s Cyclopenteno-(1',2",2,3)-1,4-,a- — 11

2-carboxylate naphthapyrone
1,5-Dihydroxy- Ethyl acetoacetate HCl '-Hydroxy-4-methyl-7,8-benzo- 92 237
naphthalene coumarin

Ethyl acetoacetate AlCl3 6'-Hydroxy-4-methyl-7,8-benzo- 78 237
eoumarin

Diethyl a-acetylglutarate H,804 Diethyl 4,4’-dimethylnaphtha- — 238

dipyrone-3,3’-dipropionate
Note: References 142-244 are listed on Pp. 57-58.

TABLE V
CONDENSATIONS WITH MISCELLANEOUS COMPOUNDS
Con-
densing Yield Refer-
Compound Acid or Ester Agent Product % ence
1,23-Trihydroxy- Malic acid H2804  6,7,8-Trihydroxycoumarin * — 239
4-methoxybenzene
c noric acid Malic acid Ho80, 5-Hydroxy-7-methylcoumarin — 213
Thiophenol Methyl a-methylaceto- P05 2,3-Dimethyl-1-thiochromone 17 240
X acetate
Thiotolenol Ethyl acetoacetate H,504 4,6-Dimethylthiopheno-1,2-pyrone — 66

Nole: References 142-244 are listed on Pp. 57-58.
* Demethylation took place during the reaction,
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TABLE V—Continued

CoNDENSATIONS WITH MISCELLANENUS COMPOUNDS

Compound
Ethyl 2-methy!-4-hy-
droxythiophene-

3-carboxylate

7-Hydroxycoumarin

7-Hydroxy-4-methyl-
coumarin

7-Hydroxy-3-chloro-
4-methylcoumarin

5-Hydroxy-7-methyl-
coumarin

5-Hydroxy-4,7-dimeth-
ylcoumarin

5-Hydroxy-3-¢hloro-
4,7-dimethylcou-
marin
7.8-Dihydroxycou-
marin
7,8-Dihydroxy-4-meth-
ylcoumarin
7.8-Dihydroxy-
3-chloro-4-methyl-
coumarin
§,7-Dihydroxy-
4-methylcoumarin

6'-Hydroxy-4-methyl-
7,8-benzocoumarin
2,2-Dimethy!-7-hy-
droxychromanone
7(M-Hydroxy-2,4,4-
trimethy!-3,4-dihy-
droquinoline
6~Hydroxycoumaran

6,7-Dihydroxycou-
maran

Note: References 142-244 are histed on pp. 57-58.

Acid or Ester
Ethyl acetoacetate
Ethyl a-methylaceto-

acetate
Diethyl acetylsuccinate
Acetonedicarbaxylic acid
Ethyl o-cyclohexanone-
carboxylate
Malic acid
Malic acid

Malic acid
Malie acid

Ethy! aeetoacetate
Ethy! acetoacetate
Malic acid
Malic acid

Malie acid
Ethyl acetoacetate

Malic acid

Malic acid
Malic acid

Malic acid

Malic acid

Ethyl acetoacetate
Malic acid

Ethyl acetoacetate

Malic acid

Malic acid

Con-
densing
Agent

HaS504
H,804
H,804
H3304
H2804

Hs804
H,S504

H5504
HyS04

H1504
H280,
H280,
H280,4

H»S04
H.S04

H280,4

H2504
H2304

H2504

H2804

HoS804
(85%)
Hs504

ZnCly

H2804

H,504

Product
Ethyl 4,6-dimethyl-5-thioeoumarin-
7-carboxylate
Ethyl 3,4,6-trimcthyl-5-thiocou-
marin-7-carboxylate
Ethyl 4,6-dimethyl-5-thio-7-car-
bethoxycoutnarin-3-acetate
6-Methyl-7-carbethoxy-5-thiocou-
marin-4-acetic aeid
Ethy! 3.4-cyclohexenyl-6-methyl-
5-thiocoumarin-7-carboxylate
Coumaro-7,6(or 7,8)-a-pyrone
Coumarino-7,8,a-pyrone
Coumarino-7,6,a-pyrone
4-Methylcoumarino-7,8,a-pyrone
4-Methylcoumaro-7,6(or 7,8)-a-
pyrone
4,4'-Dimethylcoumaro-7,6(or 7,8)-a-
pyrone
4,4’-Dimethylcoumarino-7,8,a-
pyrone
3-Chloro-4-methylcoumaro-
7,6(7,8)-a-pyrone
7-Methylcoumaro-5,6,a-pyrone

4,7-Dimethylcoumaro-5,6,a-pyrone

4,4’ 7-Trimethylcoumnaro-5,6,a-
pyrone

3-Chloro-4,7-dimethylcoumaro-5,6,a-
pyrone

8-Hydroxycoumaro-7,6,a-pyrone

8-Hydroxy-4-methylcoumaro-
7.6,a-pyrone

8-Hydroxy-3-chloro-4-inethyleou-
maro-7,6,a-pyrone

5-Hydroxy-4-methylcoumaro-7,8,a-
pyrone or 7-hydroxy-4-methyl-
coumaro-j,6,a-pyronc

4,4"-Dimethyl-7,8,8",7'-coumarino-
coumaritt

Dimethyldihydroxypyronocourmarin

4,6,6,8-Tetramethyl-6,7-dihydro-
quinocoumarin

4',5'-Dihydro-2",3’.7,6-furocoumnarin
(4, 5-dihydropsoralen)

4’ 5-Dihydro-S-hydroxy-2"3",7.6-
furocoumarin {4',5'-dihydro-
xanthotoxol}

Yield Refer-
T ence
31 65
— 65
— 65
17 65
46 65
60 63
53 2

3
— 62
70 63
30
15 62
30 241
50 63
65 63
15 63
20 241
40 63
55 63
— 241
60 63
— 237
— o
—
51 243
30 244
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INTRODUCTION

Koenigs ! first synthesized quinoline in 1879 by passing allylaniline
over heated litharge. Shortly thereafter 2 he prepared quinoline by
heating the condensation product of aniline and acrolein, thus antici-

! Koenigs, Ber., 12, 453 (1879).

* Koenigs, Ber., 13, 911 (1880).

59
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pating the classical Skraup synthesis. This synthesis involves a series
of reactions brought about by heating a primary aromatic amine, in
which at least one position ortho to the amino group is unsubstituted,
with glycerol, sulfuric acid, and an oxidizing agent. The product is a
quinoline containing only those substituents that were originally present
in the aromatic amine. Quinolines substituted in the hetero ring may
be obtained by a modified Skraup synthesis in which a substituted
acrolein or a vinyl ketone is used in place of glycerol.

MECHANISM

The Skraup reaction takes place through four successive steps:
dehydration of glycerol to acrolein under the influence of sulfuric acid;
addition of the aromatic amine to acrolein to form an intermediate
B-arylaminoaldehyde (III); ring closure by dehydration to form 1,2-di-
hydroquinoline (IV); and oxidation of IV to quinoline (V). The re-

CHO
?HO éH2
N I N/
NH, CH: NH

I II III
-0
—
F
N N
H

v v

placement of glycerol by acrolein in the reaction with aniline, sulfuric
acid, and an oxidizing agent under ordinary conditions results in much
resinification and only a little quinoline® However, a high yield of
quinoline can be obtained by passing acrolein vapor into the solution of
aniline, sulfuric acid, and an oxidizing agent under proper conditions.* ?
The nitroanilines and the nitromethoxyanilines react readily with
liquid acrolein to give good yields of the corresponding substituted
quinolines,® ¢ especially when sulfuric acid is replaced by phosphoric
aeid.”

? Manske, unpublished observations.

4 Tchitchibabin, Swiss pat. 240,991 (1946).

8 Rulka, unpublished observations.

8 Yale, J. Am. Chem. Soc., 69, 1230 (1947).

7 Yale and Bernstein, J. Am. Chem. Soc., T0, 254 (1948).
8 Yale, J. Am. Chem. Soc., 70, 1982 (1948).
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Skraup had suggested originally that the aromatic amine condensed
with acrolein to form a Schiff base (VI), but this cannot be correct.
If it were, B-methylacrolein (crotonaldehyde) should yield as an inter-
mediate the Schiff base VII, which on ring closure would give 4-methyl-

T
CH, CH CHO
N\ N N
(lJH (|]H (\:H2
@ CH @\ CH @ CHCH;
7 7 N/
N N NH
VI VII VIII

quinoline (lepidine). The product, however, is 2-methylquinoline
(quinaldine), and therefore the intermediate must be the g-arylamino-
aldehyde VIII or a Schiff base derived from it.?

SCOPE AND LIMITATIONS

The Skraup reaction is of great general utility and has been applied
to many aromatic amines. The only amines that fail to give the desired
quinolines are those having substituents too reactive to withstand the
drastic conditions, e.g., labile substituents such as acetyl, cyano, meth-
oxyl, and fluoro. p-Aminoacetophenone,' 2-cyano-5-methylaniline,!!
p-methoxyaniline,”? 3-nitro-4,5-dimethoxyaniline,® 2-nitro-4-methoxy-
5-fluoroaniline,® and 3-nitro-t-aminoveratrole ** fail to give the corre-
sponding quinoline derivatives because the substituents are either
degraded or hydrolyzed by the hot, strong sulfuric acid used in the
reaction. The hydrolytic action of the sulfuric acid can be minimized by
reducing the reaction time from the usual several hours to a few min-
utes.® With a reaction time of one and one-half minutes 8-nitro-5,6-
dimethoxyquinoline was prepared from 2-nitro-4,5-dimethoxyaniline in
409, yield.®

The original Skraup synthesis has been extended to include the
preparation of quinolines substituted in the pyridine ring through the

9 Manske, Chem. Revs., 30, 113 (1942).

10 Berend and Thomas, Ber., 25, 2548 (1892),

i1y, Jakubowski, Ber., 43, 3026 (1910).

2 Kaslow and Raymond, J. Am. Chem. Soc., 68, 1102 (1946).

13 Elderfield, Gensler, Williamson, Griffing, Kupchan, Maynard, Kreysa, and Wright,

J. Am. Chem. Soc., 68, 1584 (1946).
14 Frisch, Silverman, and Bogert, J. 4m. Chem. Soc., 68, 2432 (1943).
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use of a,B8-unsaturated aldehydes and ketones. 2-Methylquinolines (X)
are obtained in high yield by adding 8-methylacrolein (crotonzaldehyde)
(IX),' its diacetate,'® or 1,1,3-trimethoxybutane '° to a stirred mixture

CHO
| /j
+ CH —
N [ Ol
NH:; CHCH; N
IX X

of sulfuric acid, an oxidant, and an aromatic amine at such a rate that
violent reaction is avoided. 2-Arylquinolines are prepared similarly
by employing S-phenylacrolein (cinnamaldehyde) in place of croton-
aldehyde.’»181%  The use of an a-substituted acrolein (XI) 81520 or g
2-substituted glycerol 2% % as an addend in the Skraup reaction results
in a quinoline substituted in the 3 position (XII, R = methyl, aryl,
or halogen). The acetal, the diacetate, or the dipropionate of the a-
substituted acrolein is often preferred in order to avoid the polymeri-

CIHO
AN
+CR — Oijp”
Il A
NH, CH, N
XI XI1

zation of part of the aldehyde during the reaction.1%20

While engaged in a study of antimalarial compounds, Campbell and
co-workers 1627 gynthesized some 4-methylquinolines (XIV, R =
methyl) by condensing methyl vinyl ketone (XIII, R = methyl) with
aromatic amines under conditions somewhat milder than those used by
Skraup. In view of the fact that a,3-unsaturated ketones such as XIII
polymerize to some extent under the conditions of the reaction, it has

16 Utermohlen, J. Org. Chem., 8, 544 (1943).

16 Campbell, Helbing, and Kerwin, J. Am. Chem. Soc., 68, 1840 (1946).

" Murmann, Monaish., 26, 621 (1904),

18 Grimaux, Compt. rend., 96, 584 (1883).

19 Elderfield, Gensler, Bembry, Williamson, and Weisl, J. Am. Chem. Soc., 68, 1589
(1946).

2 Manske, Marion, and Leger, Can. J. Research, 20B, 133 (1942).

% Darzens and Meyer, Compt. rend., 198, 1428 (1934).

2 'Warren, J. Chem. Soc., 1936, 1366.

% Brown and Dougherty, J. Am. Chem. Soc., 69, 2232 (1947).

% Campbell and Schaffner, J. Am. Chem. Soc., 67, 86 (1945).

% Campbell, Sommers, Kerwin, and Campbell, J. Am. Chem. Soc., 68, 1851 (1946).

% Campbell, Sommers, Kerwin, and Campbell, J. Am. Chem. Soc., 68, 1556 (1946).

#Z Campbell, Elderfield, Gensler, Sommers, Kremer, Kupchan, Tinker, Dressner,
Romanek, and Campbell, J. Am. Chem. Soc., 69, 1465 (1947).
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been found expedient to employ compounds that will yield the «,8-un-
saturated ketones under these conditions. Thus B-ketobutunol,?® %2

R

1 R

CO A

+] -

CH /
NH: | N

CH,

XII1 XIv

methyl B-chloroethyl ketone,’®3:3 4-methoxy-2-butanone,* and 1,3,3-
trimethoxybutane 2-2%3 when condensed with aniline all yield 4-methyl-
quinoline, presumably via methyl vinyl ketone. 1-Aryl-3-chloro-
propan-1-ones are used for the preparation of 4-arylquinolines (XIV,
R = phenyl).#0#

Aroquinolines

Amino derivatives of such fused systems as naphthalene, anthracene,
phenanthrene, and pyrene undergo the Skraup reaction readily, and the
resulting products are classed as aroquinolines. With I-naphthylamine
only one compound, benzo(k)quinoline (XV), is possible 4 but
2-naphthylamine might react with glycerol in two ways to produce a
mixture of the two isomers, benzo(f)quinoline (XVI) and benzo(g)quino-
line (XVII). The ring closure actually takes place in the 1 position of
2-naphthylamine, and benzo(f)quinoline (XVI) is the only product.?% -8

28 Prill and Walter, Ger. pat. 505,320 [C. 4., 26, 479 (1932)].

% 1, G. Farbenindustrie A.G., Brit. pat. 308,365 [C. 4., 24, 128 (1930)].

3 Kenner and Statham, Ber., 69, 16 (1936).

31 Schering-Kehibaum A.G., Brit. pat. 283,577 [C. 4., 22, 4132 (1928)].

32 Zollner, U. S. pat. 1,804,045 [C. 4., 25, 3668 (1931)].

3 Campbell and Kerwin, J. Am. Chem. Soc., 68, 1837 (1946).

4 Kenner and Statham, J. Chem. Soc., 1936, 299.

% Skraup, Ber., 14, 1002 (1881).

% Skraup, Ber., 15, 893 (1882); Monaish., 3, 5631 (1882).

# Farbwerke vorm Meister, Lucius, and Briining, Ger. pat. 26,430 (1883) [Frdl., 1, 183
(1877-1887)].

8 I, G. Farbenindustrie A.G., Fr. pat. 727,528 [C. 4., 26, 5104 (1932)].

® Claus and Imhoff, J. prakt. Chem., [2] 67, 68 (1898).

4 Bamberger and Stettenheimer, Ber., 24, 2472 (1891).

41 8chenkel and Schenkel, Helv. Chim. Acta, 27, 1456 (1944).

2 Mikhailov, Novosti Tekhniki, 1940, No. 3-4, 51 [C. A., 34, 5847 (1940)].

4 Knueppel, Ber., 29, 703 (1896).

“ Claus and Besseler, J. prakt. Chem., [2] §7, 49 (1898).

% Bamberger and Miiller, Ber., 24, 2641 (1891).

# Clem and Hamilton, J. Am. Chem. Soc., 62, 2349 (1940).

47 Sergeev, Byull. Lako-Krasochno! Prom., 1938, No. 2-3, 68; Khim. Referat. Zhur., 2,
No. 1, 102 [C. A., 34, 1665 (1940)].

$ Skraup and Cobenzl, Monatsh., 4, 436 (1883).
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So strong is the tendency for ring closure to occur in the 1 position that a
substituent such as halogen or nitro (but not methyl) in that position
in 2-naphthylamine is eliminated. Thus 1-nitro-,**% 1-bromo-,**® and
1-chloro-2-naphthylamine *-% when subjected to the Skraup reaction
yield benzo(f)quinoline (XVI) alone or in admixture with the corre-
sponding 10-substituted benzo(g)quinoline. In contrast to this, 5,6,7,8-
tetrahydro-2-naphthylamine undergoes the Skraup reaction to yield a
mixture of 7,8,9,10-tetrahydrobenzo(f)quinoline and 6,7,8,9-tetra-
hydrobenzo(g)quinoline, with the latter predominating.®® Other
amines that undergo this reaction are 1-, 2-; 3-, 4-, and 9-aminophenan-
threne,® 5% ¢ 3-aminopyrene,® 3-aminoacenaphthene,®® 1- and 2-amino-
anthraquinone,® %% and 2-aminofluorene.®* Heterocyclic amines such as
3-aminopyridine, $ 2-aminothiophene,” and the aminobenzopyrones %
do not withstand the drastic conditions well, and therefore the yields of
the resulting quinoline derivatives in general are poor.

Aromatic diamines react with two moles of glycerol to give products
known as phenanthrolines. The preparation of 1,7- (XVIII) 343,707, 72

48 Lellmann and Schmidt, Ber., 20, 3154 (1887).

5¢ Huisgen, Ann., 559, 101 (1948).

5 Gerhardt and Hamilton, J. Am. Chem. Soc., 66, 479 (1944).

52 Clemo and Driver, J. Chem. Soc., 1945, 829,

5 v. Braun and Gruber, Ber., 55, 1710 (1922).

54 Herschmann, Ber., 41, 1998 (1908).

% Cook and Thomson, J. Chem. Soc., 1945, 395.

5 Mosettig and Krueger, J. Org. Chem., 3, 317 (1938).

5 Vollmann, Becker, Corell, Streeck, and Langbein, Ann., 531, 1 (1937).

% Zinke and Raith, Monatsh., 40, 271 (1919).

% Delaby and Hiron, Bull. soc. chim. France, [4] 47, 227, 1395 (1930).

% Majert, Ger. pat. 26,197 [Frdl., 1, 171 (1877-1887)].

¢l Farbwerke vorm Meister, Lucius, and Briining, Ger. pat. 189,234 [Frdl., 8, 1362
(1905-1907)1.

62 Badische Anilin- und Sodafabrik, Ger. pat. 171,939 {Frdl., 8, 369 (1905-1907)].

63 Schaarschmidt and Stahlschmidt, Ber., 46, 3452 (1912).

%4 Graebe, Ann., 201, 333 (1880).

% Hughes, Lions, and Wright, J. Proc. Roy. Soc. N. S. Wales, T1, 449 (1938) [C. 4.,
33, 609 (1939)].

% Allen, Chem. Revs., 4T, 275 (1950).

67 Steinkopf and Liitzkendorf, Ann., 403, 45 (1914).

6 Dey and Goswami, J. Chem. Soc., 115, 531 (1919).

% Dhar, J. Chem. Soc., 117, 1053 (1920).

™ Druce, Chem. News, 1189, 271 (1919) [C. A., 14, 535 (1920)).

7 Smith, J. Am. Chem. Soc., 52, 397 (1930).

72 Skraup and Vortmann, Monatsh., 3, 570 (1882); 4, 569 (1883).
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and 1,7-phenanthroline (XIX) %797 from m- and p-phenylenediamine,
respectively, offers no difficulties.  Although some workers have re-
ported failure of attempts to prepare 1,10-phenanthroline (XX) from
o-phenylenediamine,™ 7> others have reported yields of 3014565787 A

XVIII

far better method for preparing 1,10-phenanthroline is to subject
8-aminoquinoline 78 or its derivatives % to the Skraup reaction.
8-Aminoquinolines are readily obtained from the corresponding o-
nitroanilines by way of the 8-nitroquinolines. It is to be noted that
5- and 6-substituted 8-aminoquinolines yield identical phenanthroline
derivatives. 4-Aminoquinolines 8-% and 5-aminoisoquinolines ’* un-
dergo the Skraup reaction, but the yields are poor.

A double Skraup reaction also occurs with a diaminobiphenyl. A

CH,
v | AN /j O AN
™ Pz 7 P ~
N N N
F
<
XX1 XXII

good example is the preparation of 6,6’-biquinolyl (XXI) from 4,4’-di-
aminobiphenyl (benzidine).® %% Another method for the preparation
of biquinolyls is the Skraup synthesis with an anilinoquinoline, e.g.,
4-methyl-2,6’-biquinolyl (XXII) from 2-p-anilino-4-methylquinoline.®

B Haskelberg, J. Am. Chem. Soc., 69, 1538 (1947).

" Douglas, Jacomb, and Kermack, J. Chem. Soc., 1947, 1659.

" Misani and Bogert, J. Org. Chem., 10, 347 (1945).

™ Halerow and Kermack, J. Chem. Soc., 1946, 155.

7 Breckenridge and Singer, Can. J. Research, 25B, 583 (1947).

8 Smith and Getz, Chem. Revs., 16, 113 (1935).

" Richter and Smith, J. Am. Chem. Soc., 66, 396 (1944).

8 Burger, Bass, and Fredericksen, J. Org. Chem., 9, 373 (1944).

8l Marckwald, Ann., 279, 20 (1894).

8 Tions and Ritchie, J. Proc. Roy. Soc. N. S. Wales, T4, 443 (1941) [C. A., 35, 4771
(1941)].

8 Roser, Ber., 17, 1817, 2767 (1884).

8 Ostermayer and Henrichsen, Ber., 17, 2444 (1884).

8 Fischer, Monatsh., 5, 417 (1884).

8% Fischer, Ber., 19, 1036 (1886).
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Orientation

An aromatic amine carrying a substituent in the meifa position and
having both positions orthe to the amino group unsubstituted can
produce two isomeric quinolines when subjected to the Skraup reaction.
It had been assumed generally that when the meta substituent is meta
directing only the 5-substituted quinoline is formed and that when it is
ortho-para directing a mixture of the 5- and 7-substituted quinolines is
produced, with the latter predominating. Recent work of Bradford,
Elliott, and Rowe 87 has established the identities and the relative
proportions of the isomeric quinolines formed from meta-substituted
anilines in the Skraup reaction. Aromatic amines carrying strongly
ortho-para directing substituents in the meta position, i.e., m-methyl-,
m-hydroxy-, and m-methoxy-aniline, yield only the 7-substituted
quinoline. When the meta substituent is a weaker ortho-para directing
group, i.e., bromo, chloro, and dimethylamino, the mela-substituted
aniline yields a mixture of the 5- and 7-substituted quinoline, with the
latter predominating. The relative amounts of 7-substituted quinolines
increase with the substituents in the order bromo, chloro, dimethylamino.
m-Nitro-, m-carboxy-, and m-sulfo-anilines undergo the Skraup reaction
to yield mixtures of the 5- and 7-substituted quinolines, with the former
appearing in larger quantity. The ratio of the 5- to 7-isomers present in
the mixture of the nitroquinolines is 3.5:1 and in the carboxyquino-
lines, 5:1.

The ratio of the 5- to 7-chloroquinolines formed from m-chloroaniline
is influenced by the concentration of the sulfurie acid used in the Skraup
synthesis. With 609, sulfuric acid the ratio of 5- to 7-chloroquinoline
is 1:1.4, and this decreases gradually with increasing concentration of
the sulfuric acid to 1:3.9 at 80%,. This was probably a contributing
fuctor to the discrepancies which appeared in the earlier literature
regarding the identity and ratio of these isomeric quinolines.

3,4-Disubstituted aromatic amines also can produce two isomeric
quinolines in the Skraup synthesis. The general rule is that when one
or both substituents are ortho-para directing the quinoline mixture
obtained from the aromatic amine consists mainly of the 6,7-disubsti-
tuted quinoline with the 5,6-disubstituted quinoline present in lesser
quantity 20 50 88-9

87 Bradford, Elliott, and Rowe, J. Chem. Soc., 1947, 437.

8 Sonn and Benirschke, Ber., 54, 1730 (1921),

8 Tomita, J. Pharm. Soc. Japan, 66, 65 (1936) [C. 4., 32, 5837 (1938)].

9 Coates, Cook, Heilbron, Hey, Lambert, and Lewis, J. Chem. Soc., 1943, 406.

9 Frisch and Bogert, J. Org. Chem., 8, 331 (1943).

%2 Berkenheim and Antik, J. Gen. Chem. (U/.8.S.R.), 11, 537 (1941) [C. A., 3B, 6962

(1941)].
% Goldschmiedt, Monatsh., 8, 342 (1887).
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5-Aminohydrindene also follows this rule, yielding a mixture of
6,7-trimethylene- and 5,6-trimethylene-quinoline in the ratio of 9:1.%
Application of the Skraup synthesis to 2-naphthylamine, 44
2-aminofluorene,®* and 2-aminophenanthrene *¢ yields the angular
isomers only, benzo(f)quinoline (XVI), 11-indeno(2,7-f)quinoline
(XXIII), and naphtho(2,1-f)quinoline (XXIV), respectively. On the

XXIIT XX1v

other hand, 5,6,7,8-tetrahydro-2-naphthylamine  gives a mixture in
which the linear isomer, 6,7,8,9-tetrahydrobenzo(g)quinoline, pre-
dominates. Like 2-naphthylamine, 6-aminoquinoline undergoes the
Skraup ring closure in the 5 position to yield the angular isomer, 4,7-
phenanthroline (XIX), exclusively. 5-Nitro- and 5-bromo-6-amino-
quinoline also lose the 5 substituent on cyclization to form 4,7-phe-
nanthroline. 5-Methyl-6-aminoquinoline retains its 5 substituent, and
the product is 10-methyl-1,6-anthrazoline (XXV).** 7-Aminoquinoline
undergoes the Skraup reaction to yield the angular isomer, 1,7-phenan-

CH
Z9 s I;I\ 8 I;I\
8 | 2 7 l 2
1 3 6. 3
SN w2 ] L
N 4 N 4
XXy XXVI

throline (XVIII), only. With 3-aminopyridine and 3-amino-2-chloro-
pyridine the cyclization takes place at the 2 position to form only the
linear compound, XXVI (1,5-naphthyridine), the halogen being elimi-
nated in the latter case. The cyclization at the 4 position is evidently
difficult since 3-amino-2,6-dimethylpyridine will not undergo the
Skraup reaction.®® 3-Aminodibenzofuran produces a mixture of the two
isomeric quinolines.95 9697

Determination of the Identities of 5- and 7-Substituted Quinolines

In determining the identity of the two isomeric quinolines formed
from meta-substituted anilines in the Skraup reaction, the synthesis of

™ Lindner, Sellner, Hofmann, and Hager, Monatsh., 72, 335, 354 (1939).
% Mosettig and Robinson, J. Am. Chem. Soc., 57, 902 (1935).

% Kirkpatrick and Parker, J. Am. Chem. Soc., 67, 1123 (1935).

9 Adams, Clark, Kornblum, and Wolff, J. Am. Chem. Soc., 66, 22 (1944).
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one or both isomers by unambiguous methods is necessary. The most
common method is to block one of the ortho positions of the meta-
substituted aniline, subject it to the Skraup reaction, and then remove
the blocking group from the resulting quinoline. To obtain 5-methyl-
quinoline, 2-nitro-5-methylaniline 2 and 2-carboxy-5-methylaniline !
were converted by means of the Skraup synthesis to 5-methyl-8-nitro-
and 5-methyl-8-carboxy-quinoline, respectively, and the 8 substituents
then removed. In the same way toluene-2,3-diamine (2,3-diamino-
toluene) 8 was converted to 7-methylquinoline by the Skraup synthesis
followed by deamination of the resulting 7-methyl-8-aminoquinoline.
Another method is to introduce further substituents into the two
isomeric quinolines and then compare the products with compounds
synthesized in an unequivocal way. Thus, the isomeric chloroquinolines
obtained from m-chloroaniline were nitrated and the resulting products,
5-chloro-8-nitro- and 7-chloro-8-nitro-quinoline, proved to be identical
with those obtained from 2-nitro-3-chloroaniline and 7-hydroxy-8-nitro-
quinoline. 98 99,100

The less common method for determining the identities of the 5- and
7-substituted quinolines is the synthesis of these compounds by an
unambiguous method. In the Pfitzinger, Friedldnder, Camps, and
v. Niementowski quinoline syntheses,® the hetero ring is formed by
linking the ends of a two-carbon chain to the amino group and the
ortho substituent in an ortho-substituted aniline. The preparation of
5- and 7-substituted quinolines by these methods is therefore unequiv-
ocal. These syntheses have been frequently used to establish the
identity of the 5- and 7-isomeric quinolines obtained from a meta-
substituted aniline in the syntheses of Doebner-Miller, Conrad-ILimpach-
Knorr, and Combes. They may also be employed in the identification
of the products of the Skraup reaction. The Pfitzinger synthesis pro-
vides 5- and 7-substituted 4-carboxyquinolines which on decarboxylation
should yield the desired reference compounds.

EXPERIMENTAL CONDITIONS
Control of the Reaction

The conditions under which the earlier Skraup syntheses were carried
out often resulted in reactions of uncontrollable violence. The gradual
addition of one of the reagents (glycerol or sulfuric acid) does not

% Price and Guthrie, J. Am. Chem. Soc., 68, 1592 (1946).

9 Lutz, Bailey, Martin, and Salsbury, J. Am. Chem. Soc., 68, 1324 (1946).
100 Claus and Junghanus, J. prakt. Chem., (2] 48, 254 (1893).
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moderate the reaction satisfactorily, and the yields are poor. The
modification of Clarke and Davis,'® the addition of ferrous sulfate, does
regulate the reaction, presumably because the ferrous sulfate functions
as an oxygen carrier and therefore the reaction is extended over a longer
period of time. Further improvement has been achieved by the addition
of acetic % or boric acid.!'®® Manske, Leger, and Gallagher '* observed
that the use of acetanilide in place of aniline in conjunction with ferrous
sulfate and boroglyceric acid resulted in further moderation so that mole
runs in 3- to 5-1. flasks could be carried out with perfect safety and in-
creased yield. A British patent claims that the use of dilute sulfuric
acid in the Skraup reaction eliminates violence and reduces the formation
of tars.1% QOther workers 42106107108 prefer strong sulfuric acid and avoid
dilution during the reaction by removal of the water formed as an
azeotrope with nitrobenzene.

Though the above modifications of the original Skraup synthesis have
reduced the hazards of the reaction considerably, the violence was not
reduced sufficiently to permit the preparation of quinolines on a com-
mercial scale. It was discovered recently 1°® that the mode of addition
of the reactants is the most important factor in controlling the vigor of
the reaction. When the mixture of the aromatic amine, sulfuric acid,
and glycerol kept at 80° is added in small portions to the reaction vessel
containing the oxidizing agent, the reaction can be maintained easily
at the required temperature and good yields can be obtained in large-
scale production.

Oxidizing Agents

The most useful oxidizing agent to remove the two hydrogen atoms
from the intermediate dihydroquinoline (IV) is the nitro compound
corresponding to the amine used in the synthesis. The amine produced
by the reduction becomes available for further reaction. As the requisite
nitro compound is not always accessible, a variety of other oxidants has
been used. These include m-nitrobenzenesulfonic acid or its salts,!s*

101 Clarke and Davis, Org. Syntheses, 2, 79 (1922); Coll. Vol. 1, 478 (1941).

12 Cohn and Gustavson, J. Am. Chem. Soc., 50, 2709 (1928).

103 Cohn, J. Am. Chem. Soc., 52, 3685 (1930).

% Manske, Leger, and Gallagher, Can. J. Research, 19B, 318 (1941).

108 T G. Farbenindustrie A.G., Brit. pat. 394,416 [C. A., 28, 175 (1934)].

16 Kirkhgof and Fedotov, Byull. Nauch.-Issledovatel’. Khim.-Farm. Inst., 1930, 40 [C. A.,
a7, 5331 (1933)].

W Mikhatlov, Khim.-Farm. Prom., 1933, 344 [C. A., 28, 3736 (1934)].

108 Kirkhgof and Zasosov, Khim.-Farm. Prom., 1934, No. 1, 40 [C. A., 28, 5454 (1934)].

1% M anske, Ledingham, and Ashford, Can. J. Research, 2TF, 359 (1949).



70 ORGANIC REACTIONS

arsenic pentoxide,*® ferric oxide or sulfate,'® ferric chloride, stannic
chloride, ! chloropierin,''# ' o-nitrophenol,?® and iodine.!!4

EXPERIMENTAL PROCEDURES

The preparation of quinoline ! in quantities of 255-275 g. with yields
of 84-919, and the preparation of 6-methoxy-8-nitroquinoline !¢ in
quantities of 460~540 g. with yields of 65-759%,, are described in Organic
Syntheses.

Quinoline.™ To 20 g. of powdered crystalline ferrous sulfate in a
5-1. flask there are added with shaking, in the order named, 77.6 g. of
acetanilide, 42 g. of nitrobenzene, a solution of 35.5 g. of boric acid in
216 g. of glycerol, and 182 g. of concentrated sulfuric acid. The solution
is then heated gently under a reflux condenser until it begins to simmer.
Careful heating is continued for one-half hour, after which time the heat
is increased for a further three hours.

The solution is then cooled slightly, 300 ml. of water is added, and the
mixture is steam-distilled to remove the excess nitrobenzene (about
10 g.). The residual solution is cooled, and a solution of 340 g. of sodium
hydroxide in 1 1. of water is added. The alkaline mixture is steam-
distilled to remove the quinoline. After the quinoline layer is separated
from the distillate, the aqueous layer is distilled to recover a small
additional amount of quinoline.

To the combined quinoline layers is added 70 g. of concentrated
sulfuric acid, and the resulting solution is diazotized at 8° with an excess
of aqueous sodium nitrite (1-2 g. is sufficient). The diazotized solution
is heated on the steam bath for thirty minutes, then steam-distilled to
remove volatile impurities. A solution of 100 g. of sodium hydroxide in
400 ml. of water is added to the residual solution, and the mixture is
again steam-distilled. The aqueous layer in the distillate is again concen-
trated as described above, and the quinoline is extracted from the
combined distillates by means of benzene. Removal of the benzene,
followed by distillation of the residue at 110-114°/14 mm. furnishes
67 g. (909,) of water-white quinoline.

3-Ethylquinoline.’s Into 165 g. of 209, oleum at 20-30°, 37 g.
(0.3 mole) of nitrobenzene is run slowly and the mixture is heated with
stirring to 60-70° over a period of approximately three hours. The

1 Barnett, Chem. News, 121, 205 (1920) [C. A., 15, 831 (1921)].

Ul Druce, Chem. News, 117, 346 (1918) [C. A., 13, 289 (1919)].

112 Gardner and Williams, Brit. pat. 198,462 [C. 4., 1T, 3880 (1923)].
13 Kaufmann and Hiissy, Ber., 41, 1735 (1908).

14 Hewitt and Trustham, U. 8. pat. 2,358,162 [C. 4., 39, 1421 (1945)].
15 Mosher, Yanko, and Whitmore, Org. Syntheses, 37, 48 (1947).
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mixture is maintained at this temperature for an additional six to eight
hours until a sample is completely soluble in water. This mixture of
nitrobenzenesulfonic acid and sulfuric acid, which is termed the “sulfo
mix,” is poured into 50 ml. of water in a 1-1. three-necked flask, equipped
with a short still head and variable-length finger condenser, a dropping
funnel, a thermometer, and a stainless steel sweep stirrer. This dilutes
the sulfuric acid to a concentration of 75%,. With stirring, 47 g. of
aniline (0.5 mole) is added; the aniline sulfate soon dissolves in the acid
mixture. .

The whole is heated to 125° in an oil bath, and 93 g. (0.5 mole) of
a-ethylacrolein diacetate is added dropwise with stirring; the addition
is momentarily stopped if the reaction becomes violent. Both during
and after the addition of the acrolein acetate, the mixture is heated and
stirred (stirring is momentarily stopped if excessive foaming occurs);
meanwhile, the finger condenser is gradually moved up, so that a slow,
steady distillation of water and acetic acid takes place. In about three
hours the oil-bath temperature has been allowed to rise to 175°, about
50 ml. of distillate has come over, and distillation has almost ceased.
The reaction mixture is partially cooled, poured onto about 500 g. of
ice, and neutralized with concentrated sodium hydroxide solution. The
crude product is removed by steam distillation, preferably with super-
heated steam. The 3-ethylquinoline is separated from the distillate,
with the aid of carbon tetrachloride extraction. Fractionation of the
solvent-quinoline mixture gives 42.5 g. (54%) of pure 3-ethylquinoline,
b.p. 265-266°; nfy = 1.5988.

4-Methyl-6-methoxy-8-nitroquinoline.” A mixture of 170 g. of
arsenic acid, 50 ml. of water, 168 g. (1.0 mole) of m-nitro-p-anisidine,
and 280 g. of concentrated sulfuric acid is placed in a 1-1. flask fitted with
stirrer, dropping funnel, and condenser set for downward distillation.
The mixture is heated in an oil bath at 110-115° while 148 g. (1.0 mole)
of 1,3,3-trimethoxybutane is added dropwise in the course of two and a
half hours. The mixture is stirred at 115-125° for an additional two
hours while methanol distils. It is then poured into 11. of water, filtered,
and the filtrate diluted successively to 3 and 6 1., filtering after each
dilution. The precipitates (mostly tars) are discarded. The final
filtrate is made basic with aqueous ammonia, and the reddish precipitate
is collected and dried; the yield of crude product melting at 158-160° is
about 168 g. This material is dissolved in 2-2.5 1. of 109, hydrochloric
acid and the solution heated on the steam bath for fifteen minutes with
Norit, then filtered. The cooled solution is neutralized with aqueous
ammonia, and the dried precipitate recrystallized from 2-2.5 1. of ethyl
acetate, using Norit. The mother liquors from the first crop are concen-
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trated to 500 ml. to give a second crop. The total yield of material
melting at 169-171° or higher is 130 g. (55-60%,).

Separation of the Mixture of 3,7- and 3,5-Dimethylquinoline.®® The
mixture is prepared from m-toluidine and a-methylacrolein. After
distillation of the mixture most of the pale greenish distillate crystallizes.
The oil is drained off, and the solid 3,7-dimethylquinoline is erystallized
twice from purified hexane; m.p. 80°. The oily mixture from which the
solid base has crystallized is dissolved in hot dilute perchloric acid and
cooled. The precipitate is collected, washed with cold water, and re-
crystallized from boiling water to obtain the pure perchlorate of 3,5-di-
methylquinoline as brilliant colorless prisms, m.p. 216°. The 3,7-
dimethylquinoline regenerated from the filtrate crystallizes at once and,
after being pressed on filter paper, melts at 78°.

TABULAR SURVEY OF QUINOLINES PREPARED BY THE SKRAUP
SYNTHESIS

In the tables that follow are listed the quinolines prepared by the
Skraup reaction through August, 1951. Within each table the quinolines
are listed according to the substituents present in the following se-
quence: halogen; nitro; hydroxy, alkoxy, aryloxy, and RCO;—; sulfur-
containing groups; amino; eyano; carbonyl; carboxyl; alkyl; aryl; hetero-
cyclic. A substance containing more than one of the above groups is
listed according to the group lowest in the list. Thus a 5-nitro-8-methyl-
quinoline would follow 5,8-dicarboxyquinoline and would precede
5,8-dimethylquinoline.



Quinoline

Quinoline *

6-Fluoro-
5-Chloro-
6-Chloro-
7-Chloro-
8-Chloro-
5-Bromo-
6-Bromo-
7-Bromo-
8-Bromo-
5-Nitro-

TABLE 1

QUINOLINES
Reactants
Aniline Second Componﬁ
A. Quinoline and Monosubstituled Quinolines
Aniline Glycerol
Aniline Acrolein
N-Acetyl- Gilycerol
N-Allyl-
p-Fluoro- Glycerol
m~Chloro- Glycerol
p-Chloro- Glycerol
m-~Chloro- Glycerol
0-Chloro- Glycerol
m-Bromo- Glycerol
p-Bromo- Glycerol
m-Bromo- Glycerol
o-Bromo- Glycerol
m-Nitro- Gilycerol

Note: References 116-322 are listed on

reference.

Yield

%o

References

84-91 35,42, 43, 70, 101,

70
90
1

98
22
79
68
35
68
35

59

102, 103, 106,
107, 108, 110,
111, 112, 114,
127

4,5

104

135

184

87, 98, 187, 196
38, 145, 177, 196
87,98, 187, 196
195, 196, 201
87,190, 193
7,177

87,190, 193
190, 197, 213
87, 228, 229

pp. 94-98. Where one reference is italicized, the yield reported is taken from that

* Quinoline has been obtained in 5% yield from phenylhydroxylamine and glycerol,® and in traces from azoxybenzene and

glycerol.1s
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Quinoline

6-Nitro-
7-Nitro-

8-Nitro-

5-Hydroxy-
6-Hydroxy-
7-Hydroxy-
8-Hydroxy-

6-Methoxy-
7-Methoxy-
8-Methoxy-
6-Ethoxy-
6-Phenoxy-
—>5-sulfonic acid
—~6-sulfonie acid

——6-sulfonamide

—6-methyl sulfone
(6-80,CH)

TABLE I—Continued

QUINOLINES

Reactants

Aniline

A. Quinoline and Monosubstituted Quinolines—Continued

p-Nitro-
m-Nitro-

o-Nitro-
m-Hydroxy-
p-Hydroxy-
m-Hydroxy-
o-Hydroxy-

p-Methoxy-

m-Methoxy-

o-Methoxy-

p-Ethoxy-

p-Phenoxy-

—m-sulfonic acid (metanilic
acid)

—p-sulfonic acid (sulfanilic
acid)

—p-sulfonamide (sulfanil-
amide)

p-Acetaminophenyl methyl
sulfone

Glyecerol
Glycerol

Glycerol
Glycerol
Glycerol
Glycerol
Glycerol

Glycerol
Glycerol
Glycerol
Glyeerol
Glycerol
Glycerol
Glyecerol
Glycerol

Glycerol

Second Component.;

Yield
%

70
14

55
Poor

46

66
44
53

51

30

22

References

7, 43, 175, 181,
228, 238, 284
43, 87, 228, 229,
234, 235, 278

7, 43, 78, 175

87

12, 36

36, 38, 87, 234

36, 112, 174, 218,
296, 227

7,12, 13, 90, 165,
166, 167

87, 169, 170

104, 172, 173, 174

88, 168

89

87, 236

37, 43, 299
241

237

bL
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6-Quinolyl p-pitrophenyl
sulfide

6-Quinolyl p-nitrophenyl
sulfone

5-Dimethylamino-

6-Dimethylamino-

7-Dimethylamino-

6-Diethylamino-

5-Cyano-

7-Cyano-

6-Benzoyl-

5-Carboxy-

6-Carboxy-
7-Carboxy-

8-Carboxy-
2-Methyl-

3-Methyl-

4-Methyl-

4-Nitrophenyl 4’~au1ino; '

phenyl sulfide
4-Nitrophenyl 4’-amino-

phenyl sulfone
m-Dimethylamino-
p-Dimethylamino-
m-Dimethylamino-
p-Diethylamino-
m-Cyano-
m-Cyano-
p-Benzoyl-
m-Carboxy-

p-Carboxy-
m-Carboxy-
2,3-Dicarboxy-
0-Carboxy-
Aniline
Aniline
Aniline
Aniline
Aniline
Aniline
Aniline
Aniline
Aniline
Aniline
Aniline
Aniline

Glycerol
Glycerol

Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol

Glyecerol

Glycerol

Glycerol

Glycerol

Acetylene
Paraldehyde
CH;CHOHCO,H
CH;CH=CHCHO

CH;CH=CHCH(OCOCH3;),

CH,=C(CH;CHO

CH,=C(CH3)CH(OCOCH3),
CHy=C(CH;)CH(OCOC:Hs),

CH=C(CH;3)CH(OCHS,),

C.H;OCH.C(CH3)(OH)CH,0C,H;

HOCH,CH,COCHj,
CH;0CH.CH,COCH;

320
320

87

43,175, 175
43, 87

176

87, 179, 181, 214
258

38, 214, 258, 301
87, 156, 258

182

214, 256, 311

150

207

208

15, 148, 244

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the yield reported is taken from that

reference.
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TABLE I—Continued

(QUINOLINES
Reactants
Quinoline Aniline Second Component‘
A. Quinoline and Monosubstituted Quinolines—Continued
4-Methyl—(Cont’d.) Aniline CICH:CH;COCHj,
5-Methyl- m-Methyl- Glycerol
6-Methyl- p-Methyl- Glycerol
7-Methyl- m-Methyl- Glycerol
8-Methyl- o-Methyl- Glycerol
5-Trifluoromethyl- m-FsC- Glycerol
6-Trifluoromethyl- p-F3C- Glycerol
7-Trifluoromethyl- m-F3C- Glycerol
8-Trifluoromethyl- o-F3C- Glycerol
6-Carboxymethyl- p-Carboxymethyl- Glycerol
2-Ethyl- Aniline HOCH(C;H;)CHOHCH;OH
3-Ethyl- Aniline C,H;0CH,C(C.Hs)OHCH,0C.Hj
Aniline CH,—C(C-H;)CHO
Aniline CH,=C(C.H;)CH(OCOCHj3),
4-Ethyl- Aniline CICH,CH,COC.H;
7-Ethyl- m-Ethyl- Glycerol
8-Ethyl- o-Ethyl- Glycerol
2-Propyl- Aniline HOCH(CsH;)CHOHCH,OH
3-Propyl- Aniline C.H;C(CH,0H);
4-Propyl- Aniline CICH,CH,COC:H;

8-Propyl- o-Propyl- Glycerol

-
[=>]
Yield
% References
40 30, 32
Poor 20, 87, 153, 154,
155
46 20, 35,42, 70, 112,
151, 152 =
70 20, 70, 87, 153, Q@
154, 155 2
67  20,35,42, 43,111, =
112, 155 o
6 156, 263 &
— 264 A
32 156,263 g
— 264
30 29 A
Poor 59
40 21,22 93
42 15
54 15
40 30,31, 32
92 20
50 158
Poor 59
15 23
40 30
35 163



2-Butyl-
4-Butyl-
3-Isobutyl-
2-Phenyl-
3-Phenyl-
4-Phenyl-
6-Phenyl-

8-Phenyl-
4-p-Tolyl-

4-(3-Methyl-6-methoxy-

phenyl)-

6-Diphenylmethyl-
4-(8-Naphthyl)-
5-a-Pyridyl-
6-a-Pyridyl-
6-3-Pyridyl-
6~y-Pyridyl-
7-a-Pyridyl-
8-a-Pyridyl-
8-3-Pyridyl-
8-y-Pyridyl-

5-(2,6-Dimethyl-4-pyridyl)-
6-(2,6-Dimethyl-4-pyridyl)-
7-(2,6-Dimethyl-4-pyrid y1)-

6-Piperidylmethyl-
8-Piperidylmethyl-

5-(or 7-) (2-Benzimidazolyl)-
Note: References 116-322 are listed on pp. 94~98. Where one reference is italicized, the yield reported is taken from that

reference.

Aniline
Aniline
Aniline
Aniline
Aniline
Aniline
p-Phenyl-
p-Phenyl-N-acetyl-
o-Phenyl-
Aniline
Aniline

p-Diphenylmethyl-
Aniline
m-a-Pyridyl-
p-a-Pyridyl-
p-8-Pyridyl-
p~v-Pyridyl-
m~a-Pyridyl-
o-a-Pyridyl-
o-B-Pyridyl-
o-y-Pyridyl-

m-(2,6-Dimethyl-4-pyridyl)-
p-(2,6-Dimethyl-4-pyridyl)-
m-(2,6-Dimethyl-4-pyridyl)-

p-Piperidylmethyl-
o-Piperidylmethyl-

m-~(2-Benzimidazolyl)-

HOCH(C,H,) CHOHCH,OH
CICH.CH.COCH,
CeH;0CHC(CyHy-is0) (OH)YCHLOCHj
CeHsCH=CHCHO
C.H;OCH,C(OH)(CsH35)CH,OC.H;
CICH.CH.COCsHj;

Glycerol

Glycerol

Glycerol

ClCHgCHzCOCGI'L,CHs-P
CICH,CH,CO

CH;0,
CH;

Glycerol
CICH,CH,COC cH+(B)
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glyecerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol

wl 8181112

71
25
Poor
60

30

21
17,18
22

30

104, 177
201

201

30

30

178
30

220
220
220
220
220
220
220
220
181
181
181
219
219
221
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Quinoline

6-(2-Benzimidazolyl)-
8-(2-Benzimidazolyl)-
6-(6-Methyl-2-benzo-

thiazolyl)-

5,7-Dichloro-
5,8-Dichloro-
6,8-Dichloro-
5,6-Dibromo-
5,7-Dibromo-
5,8-Dibromo-
6,7-Dibromo-
6,8-Dibromo-
6-Fluoro-8-nitro-
5-Chloro-6-nitro-
5-Chloro-8-nitro-
6-Chloro-7-nitro-
6-Chloro-8-nitro-
7-Chloro-6-nitro-
8-Chloro-5-nitro-
8-Chloro-6-nitro-
6-Bromo-8-nitro-
8-Bromo-6-nitro-
5,6-Dinitro-

TABLE I—Continued

(QUINOLINES

Reactants

Aniline

A. Quinoline and Monosubstituted Quinolines—Continued
p-(2-Benzimidazolyl)-
0-(2-Benzimidazolyl)-
p-(6-Methyl-2-benzo-

thiazolyl)-

3,5-Dichloro-
2,5-Dichloro-
2.4-Dichloro-
3,4-Dibromo-
3,5-Dibromo-
2,5-Dibromo-
3,4-Dibromo-
2,4-Dibromo-
4-Tluoro-2-nitro-
3-Chloro-4-nitro-
5-Chloro-2-nitro-
4-Chloro-3-nitro-
4-Chloro-2-nitro-
3-Chloro-4-nitro-
2-Chloro-5-nitro-
2-Chloro-4-nitro-
4-Bromo-2-nitro-
2-Bromo-4-nitro-
3,4-Dinitro-

Glycerol
Glycerol
Glycerol

B. Disubstituted Quinolines

Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glyecerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol

Second Component

Yield
%o

40
50
15

80-90
35
Good

46
20
50

90
35

91
60
40

References

221
221, 224
223

129
5,38, 177
38, 269
130

130

128

130

130

184

99, 196
99, 196
196

79, 115, 120, 247
99, 196
196

8L
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5,7-Dinitro-
6,8-Dinitro-
7,8-Dinitro-

5-Chloro-6-hydroxy-
5-Chloro-8-hydroxy-
6-Chloro-8-hydroxy-

5-Nitro-8-hydroxy-
6,8-Dihydroxy-

5-Chloro-8-methoxy-
7-Bromo-6-methoxy-
8-Bromo-6-methoxy-

7-Bromo-6-ethoxy-

5-Nitro-6-methoxy-
5-Nitro-8-methoxy-
6-Nitro-8-methoxy-

7-Nitro-6-methoxy-
8-Nitro-6-methoxy-

8-Nitro-6-ethoxy-

8-Nitro-6-('y-aminopropoxy)-

8-Nitro-6-butoxy-
8-Nitro-6-phenoxy-
6,7-Dimethoxy-
7,8-Dimethoxy-

3,5-Dinitro-
2,4-Dinitro-
2,3-Dinitro-

5-Chloro-4-hydroxy-
5-Chloro-2-hydroxy-
4-Chloro-2-hydroxy-

5-Nitro-2-hydroxy-
2,4-Dihydroxy-

5-Chloro-2-methoxy-
3-Bromo-4-methoxy-
2-Bromo-4-methoxy-

3-Bromo-4-ethoxy-
3-Nitro-4-methoxy-
5-Nitro-2-methoxy-
4-Nitro-2-methoxy-
4-Nitro-2-methoxy-
3-Nitro-4-methoxy-
2-Nitro-4-methoxy-

2-Nitro-4-methoxy-

2-Nitro-4-ethoxy-

2-Nitro-4-(y-phthalimido-

Propoxy)-
2-Nitro-4-butoxy-
2-Nitro-4~-phenoxy-
3,4-Dimethoxy-
2,3-Dimethoxy-

Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Acrolein
Glycerol
Acrolein
Glycerol
Glycerol

Acrolein
CH,=C(Br)CHO
Glycerol
Glycerol

Glycerol
Glycerol
Glycerol
Glycerol.

60
68
71
70

28
30
83
58

113

113, 177, 308
113

218

218, 231, 270
286

80, 255

134

270

297

7,173

120, 263, 266, 284

7

297

6, 75, 115, 116
117, 118, 119
120, 232, 248,
284

7

321

115, 117, 118, 239

123

122
249
91, 93, 307
294

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the lyleld reported is taken from that

reference.
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TABLE I—Continued

08

QUINOLINES
, Reactants . Yield
Quinoline Aniline Second Component % References
B. Disubstituted Quinolines—Continued
6,7-Methylenedioxy- 3,4-Methylenedioxy- Glycerol Poor 88, 307
6,7-Ethylenedioxy- 3,4-Ethylenedioxy- Glycerol 62 88,89
6,7-Phenylenedioxy- 3,4-Phenylenedioxy- Glycerol — 89
6-Methoxy-8-(1-diethyl- 4-Methoxy-2-(1-diethyl- Glycerol — 295
amino-4-pentylamino)- amino-4-pentylamino)-

8-Chloro—5-sulfonic acid 2-Chloro—5-sulfonic acid Glycerol — 132
8-Chloro-5-carboxy- 2-Chloro-5-carboxy- Glycerol 83 258
8-Bromo-5-carboxy- 2-Bromo-5-carboxy- Glycerol — 179
5-Nitro-8-carboxy- 5-Nitro-2-carboxy- Glycerol 70 87
8-Hydroxy-5-carboxy- 2-Hydroxy-5-carbomethoxy- Glycerol 29 126
8-Hydroxy-6-carboxy- 2-Hydroxy-4-carbomethoxy- Glycerol 65 126
5-Methoxy-8-carboxy- 5-Methoxy-2-carboxy- Glycerol 20 87
6-Methoxy-8-carboxy- 4-Methoxy-2-carbomethoxy- Glycerol — 2506, 296
5,8-Dicarboxy- 2,5-Dicarboxy- Glycerol — 153
5-Chloro-4-methyl- m-Chloro- CH;C(OCH;),CH.CH,OCH; — 25
6-Chloro-2-methyl- p-Chloro- CH;CH=CHCH{OCOCHj3), 55 18,244
6-Chloro4-methyl- p-Chloro- CH;;C(OCH ;) CH,CH,OCH 3 55 32,33
6-Chloro-8-methyl- 2-Methyl-4-chloro- Glycerol — 161
7-Chloro-2-methyl- m-Chloro- Crotonaldehyde 60 15

m-Chloro- CH;CH(OCH;;)CH,CH(OCHj3), 30 16
7-Chloro-3-methyl- m~Chloro- CH~—=C(CH3;CH(OCOCH,;), 52 15
7-Chloro-4-methyl- m-Chloro- CH,;C(OCH,;);,CHsCH,0CH; 67 25
7-Chloro-8-methyl- 3-Chloro-2-methyl- Glycerol 74 87
8-Chloro-2-methyl- o-Chloro- CH;CH=CHCHO — 151, 244

SNOLLOVIY DINVDHHO



8-Chloro-4-methyl-
8-Chloro-5-methyl-
5-Bromo-8-methyl-
6-Bromo-3-methyl-
6-Bromo-8-methyl-
7-Bromo-8-methyl-
8-Bromo-6-methyl-
5-(or 7-)Nitro-6-methyl-
5-Nitro-8-methyl-
6-Nitro-2-methyl-
6-Nitro-3-methyl-
6-Nitro-4-methyl-
6-Nitro-5-methyl-
6-Nitro-7-methyl-
6-Nitro-8-methyl-
7-Nitro-8-methyl-
8-Nitro-3-methyl-
8-Nitro-5-methyl-

& Nitro-6-methyl-
8-Nitro-7-methyl-
8-Hydroxy-2-methyl-
& Hydroxy-5-methyl-
8-Hydroxy-7-methyl-
8-Hydroxy-5-t-octyl-
6-Methoxy-2-methyl-
6-Methoxy-4-methyl-

6-Methoxy-8-methyl-
8-Methoxy-4-methyl-
6-Ethoxy-4-methyl-

Note: References 116-322 are listed on pp. 94-98.

reference.

o-Chloro- CH;C(OCH,),CH.CH,0CHj, 23 24
2-Chloro-5-methyl- Glycerol 62 121, 278
5-Bromo-2-methyl- Glycerol — 275
p-Bromo- CH,—=C(CH3;)CHO 13 2
4-Bromo-2-methyl- Glycerol 95 161, 277
3-Bromo-2-methyl- Glyecerol — 275
2-Bromo-4-methyl-N-acetyl- Glycerol 36 309
3-Nitro-4-methyl- Glycerol 53 280, 281
5-Nitro-2-methyl- Glycerol — 280
p-Nitro- CH;CH=CHCH (OCOCHj;), 30 15
p-Nitro- CH,=C(CH3)CH(OCOC,Hj), 35 15
p-Nitro- CH,COCH,CH,(Cl 20 31,32, 298
4-Nitro-3-methyl- Glycerol 7 50
4-Nitro-3-methyl- Glycerol 35 50
4-Nitro-2-methyl- Glycerol — 287
3-Nitro-2-methyl- Glycerol — 319
o-Nitro- CHx=C(CH3;)CH(OCOCH,), 43 315
2-Nitro-5-methyl- Glyecerol 23 20, 246
2-Nitro-4-methyl- Glyeerol 81 79, 151, 280
2-Nitro-3-methyl- Glycerol 43 246, 259
o-Hydroxy- CH;CH=CHCHO — 279
2-Hydroxy-5-methyl- Glycerol 656 280
2-Hydroxy-3-methyl- Glycerol 80 280
2-Hydroxy-5-t-octyl- Glycerol — 306
p-Methoxy- CH,CH=CHCHO 45 16
p-Methoxy- CH,COCH,CH,CI — 31,32
p-Methoxy- CH;COCH=CH, 52 24
4-Methoxy-2-methyl- Glycerol 43 267
o-Methoxy- CH,COCH,CH,CI — 31,32
p-Ethoxy- CH;COCH,CH,Cl — 31,32
Where one reference is italicized, the yield reported is taken from that

SANITONIAD A0 SISTHINAS dNAVUNS THL
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Quinoline

6-Methyl—7-sulfonic acid
6-Methyl—8-sulfonic acid
8-Methyl—5-sulfonic acid
8-Methyl—6-sulfonic acid
6-Arsonamino-2-methyl-

8 Amino-7-methyl-
6-Carboxy-2-methyl-
8-Carboxy-4-methyl-
8-Carboxy-5-methyl-
8-Carboxy-6-methyl-
2-Phenyl—6-sulfonic acid

2,4-Dimethyl-

2,6-Dimethyl-
2,7-Dimethyl-

2,8-Dimethyl-
3,4-Dimethyl-
3,5-Dimethyl-
3,6-Dimethyl-

3,7-Dimethyl-
3,8-Dimethyl-

TABLE I—Continued

QUINOLINES

Reactants

Aniline

Second Component

B. Disubstituted Quinolines—Continued

4-Methyl—3-sulfonic acid

4-Methyl—2-sulfonic acid

2-Methyl—5-sulfonic acid

2-Methyl—4-sulfonic acid

p-Arsonamino-(arsanilic
acid)

2-Amino-3-methyl-

p-Carboxy-

o-Carboxy-

2-Cyano-5-methyl-

2-Cyano-4-methyl-

—4-sylfonic acid (sulfanilic
acid)

Aniline

Aniline

p-Methyl-

m-Methyl-

m-Methyl-

o-Methyl-

Aniline

m-Methyl-

p-Methyl-

p-Methyl-

m-Methyl-

o-Methyl-

Glycerol
Glycerol
Glycerol
Glycerol
CH;CH=CHCHO

Glycerol
CH;CH=CHCHO
CH,;COCH,CH.Ci
Glycerol

Glycerol
CsH;CH=CHCHO

CH;COCH,CHOHCH;
CH;COCH=CHCH;

CH:;CH=CHCH(OCOC:Hz)2

CH;CH=CHCHO :
CH,CH—CHCH(OCOCHj),
CH;CH=CHCHO
CH,COCH(CH;CH,OH
CH.—C(CH,)CHO
CH;—C(CH;)CHO
CH,—C(CH,)CH(OCOCHS,),
CH:—=C(CH;)CHO
CH,—C(CH;)CH(OCOCHy),

References

289
202
293
287, 293
136

87
244
31, 32
11, 87
272
211

Z8
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3,8-Dimethyl-Continued
4,6-Dimethyl-

5,6-Dimethyl-
5,7-Dimethyl-
5,8-Dimethyl-
6,7-Dimethyl-
6,8-Dimethyl-

7,8 Dimethyl-
6-Nitro-7-ethyl-
6-Methyl-3-ethyl-
7-Methyl-3-ethyl-
8Methyl-6-ethyl-
6-Methoxyl-4-propyl-
8Methyl-5-isopropyl-
6-Methoxy-8-isoamyl-
8-Nitro-2-phenyl-

8 Nitro-4-phenyl-

8 Nitro-5-phenyl-

8 Nitro-6-phenyl-
8-Hydroxy-5-phenyl-
8-Hydroxy-7-phenyl-
2-Carboxy-4-phenyl-

8 Hydroxy-5-benzyl-
8-Nitro-6-a-pyridyl-
8-Hydroxy-5-a-pyridyl-
6-Methoxy-5-a-pyridyl-
6-Methoxy-7-a-pyridyl-
6-Methoxy-8-a-pyridyl-
6-Methoxy-8-8-pyridyl-

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the yield reported is taken from that

reference.

o-Methyl-

p-Methyl-

p-Methyl-
3,4-Dimethyl-
3,5-Dimethyl-
2,5-Dimethyl-
3,4-Dimethyl-
2,4-Dimethyl-
2,3-Dimethyl-
4-Nitro-3-ethyl-
p-Methyl-

m-Methyl-
2-Methyl-4-ethyl-
p-Methoxy-
2-Methyl-5-isopropyl-
4-Methoxy-2-isoamyl-
o-Nitro-

o-Nitro-

2-Nitro-5-phenyl-N-acetyl-
2-Nitro-4-phenyl-N-acetyl-

2-Hydroxy-5-phenyl-
2-Hydroxy-3-phenyl-
Aniline
2-Hydroxy-5-benzyl-
2-Nitro-4-a-pyridyl-
2-Hydroxy-5-a-pyridyl-
4-Methoxy-3-a-pyridyl-
4-Methoxy-3-a-pyridyl-
4-Methoxy-2-a-pyridyl-
4-Methoxy-2-8-pyridyl-

CH,—C(CH,;)CHO
CH;COCH=CH,
CH,COCH,CH,OH
Glycerol

Glycerol

Glycerol

Glycerol

Glycerol

Glycerol

Glyeerol
CHy=C(C.H;)CH(OCOCH,),
CH»—=C(C.;H;5)CHO
Glycerol
CH;CH,CH,COCH,CH-Cl
Glycerol

Glycerol
C¢H;CH=CHCHO
CsHsCOCH,CH,Cl
Glycerol

Glyecerol

Glycerol

Glycerol
C¢H;COCH—=CHCO.H
Glycerol

Glycerol

Glycerol

Glycerol

Glycerol

Glycerol

Glyeerol

20
%4

29

20

20, 253
20, 112, 179
20, 245
20, 261, 262
20

288

15

15

265

285

257, 276
268

19

282

282

282

125

125

212

90
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Quinoline

6-Methoxy-8-y-pyridyl-
8-Methoxy-5-a-pyridyl-
5-t-Butyl-8-pyridyl- t
5,8-Dipyridyl- t
6,8-Dipyridyl- t

5,6,7-Trichloro-
5,6,8Trichloro-
6,8-Dichloro-5-nitro-
5,7-Dichloro-8-hydroxy-
3-Bromo-6-chloro-8-nitro-
3,6-Dibromo-8-nitro-
5,6-Dibromo-8-nitro-

5-Fluoro-8-nitro-6-methoxy-
3-Chloro-8-nitro-6-methoxy-
3-Bromo-8-nitro-6-methoxy-
5-Chloro-8-nitro-6-methoxy-
5-Bromo-8-nitro-6-methoxy-
6-Chloro-5-nitro-8-methyl-
6-Bromo-5-nitro-8-methyl-
8 Bronio-5-nitro-6-methyl-

8-Nitro-5-hydroxy-
6-methoxy-

TABLE I—Conitnued

QUINOLINES

Reactants

rAniline

Second Component

B. Disubstituted Quinolines—Continued

4-Methoxy-2-y-pyridyl-
2-Methoxy-5-a-pyridyl-
5-t-Butyl-2-pyridyl-
2,5-Dipyridyl-
2,4-Dipyridyl-

Glycerol
Glycerol
Glycerol
Glycerol
Glycerol

C. Trisubstituted Quinolines

3,4,5-Trichloro-
2.4,5-Trichloro-
2,4-Dichloro-5-nitro-
3,5-Dichloro-2-hydroxy-
2-Nitro-4-chloro-
2-Nitro-4-bromo-
2-Nitro4,5-dibronio-

5-Fluoro-2-nitro-4-methoxy-

2-Nitro-4-methoxy-
2-Nitro-4-methoxy-

5-Chloro-2-nitro4-methoxy-
5-Bromo-2-nitro-4-methoxy-
4-Chloro-2-methyl-5-nitro-
4-Bromo-2-methyl-5-nitro-
2-Bromo-4-methyl-5-nitro-
2-Nitro-5-fluoro-4-methoxy-

Glycerol
Glycerol
Glycerol
Glycerol
BI’CHQCBI‘QCHO

CHy=CBrCH(OCOCH3):

Glycerol
Glycerol
CHy=CCICHO
BI’CHQCBI‘QCHO
Glycerol
Glycerol
Glycerol
Glycerol
Glyeerol
Glyecerol

Yield
Yo

65

60
40

References

90
90
90
133
133

38

38

269

218

321

316

316

13

8

321

146, 160
115, 250
161

161

309

13

78
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5-Bromo-6,7-dimethoxy-
8Nitro-5,6-dimethoxy-
8-Nitro-5,6-methylenedioxy-
8-Nitro-5,6-ethylenedioxy-
6,7,8-Trimethoxy-
5-Bromo-6-methoxy-
8-methyl-
7-Bromo-6-methoxy-
8-methyl-
8-Nitro-6-methoxy-2-methyl-
8-Nitro-6-methoxy-4-methyl-
8 Nitro-6-methoxy-5-methyl-

7-Amino-8-methyl-—5-sulfonic
acid
7-Amino-5-carboxy-
8-methyl-
5-Nitro-6,8-dimethyl-
6-Nitro-5,8-dimethyl-
6-Nitro-7,8-dimethyl-
7-Nitro-5-isopropyl-
8-methyl-
8-Nitro-3,4-dimethyl-
8-Nitro-3,5-dimethyl-
8-Nitro-3,6-dimethyl-
8-Nitro-4,5-dimethyl-
8-Nitro-4,6-dimethyl-

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the yield reported is taken from that

reference.

5-Bromo-3,4-dimethoxy-
2-Nitro-4,5-dimethoxy-
2-Nitro-4,5-methylenedioxy-
2-Nitro-4,5-ethylenedioxy-
2,3,4-Trimethoxy-
5-Bromo-4-methoxy-
2-methyl-
3-Bromo-4-methoxy-
2-methyl-
2-Nitro-4-methoxy-
2-Nitro-4-methoxy-
2-Nitro-4-methoxy-
5-methyl-
3-Amino-2-methyl—>5-sulfonic
acid
3-Amino-5-carboxy-
2-methyl-
5-Nitro-2,4-dimethyl-
4-Nitro-2,5-dimethyl-
4-Nitro-2,3-dimethyl-
3-Nitro-2-methyl-
5-isopropyl-
o-Nitro-
2-Nitro-5-methyl-
2-Nitro-4-methyl-
2-Nitro-5-methyl-
2-Nitro-4-methyl-

Glycerol
Glycerol
Acrolein
Acrolein
Glycerol
Glycerol

Glycerol

CH;CH=CHCHO
CH;0CH,CH,C(OCH;).CH;
Glycerol

Glycerol
Glycerol

Glycerol
Glycerol
Glycerol
Glycerol

CH;COCH(CH;)CH0H
CHx=C(CH;)CH(OCOCH3),
CH,=C(CH;3)CH(OCOCHS3),
CH;COCH,CH,0H
CH,COCH=CH,

t The point of attachment to the pyridine ring was not reported.

15
40
50
53

36
60
57

50
50

30
28
34

9
36

75

6, 13, 251
318

318

144, 307
267

267

252
26, 27
254

143
143

280
50

298
319

271
20, 317
317
20, 317
317

JHL
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Quinoline

8-Nitro-5,6-dimethyl-
6-Methoxy-5,7-dimethyl-
6-Amino-5,8-dimethyl-
5,8-Dimethyl—6-sulfonic acid
5,8-Dimethyl—7-sulfonic acid
3,4,7-Trimethyl-
5,6,8-Trimethyl-
6-Nitro-7-methyl-4-ethyl-
6-Nitro-8-methyl-4-ethyl-
8-Nitro-6-methoxy-2-phenyl-
&Nitro-6-methoxy-4-phenyl-
8-Nitro-6-methoxy-5-phenyl-

8-Nitro-4,6-diphenyl-

8-Nitro-3,5,6-tribromo-

8-Nitro-3,4,6-trimethyl-
8-Nitro-3,5,6-trimethyl-

TABLE I—Continued

QUINOLINES

Reactants

'Aniline

Second Component

C. Trisubstituted Quinolines—Continued

2-Nitro-4,5-dimethyl-
4-Methoxy-3,5-dimethyl-
4-Amino-2,5-dimethyl-
2,5-Dimethyl—4-sulfonic acid
2,5-Dimethyl—3-sulfonic acid
m-Methyl-
2,4,5-Trimethyl-
4-Nitro-3-methyl-
4-Nitro-2-methyl-
2-Nitro-4-methoxy-
2-Nitro-4-methoxy-
2-Nitro-4-methoxy-

5-phenyl-
2-Nitro-4-phenyl-

Glycerol

Glycerol

Glycerol

Glycerol

Glycerol
CH,COCH(CH;)CHOH
Glycerol
CH,;CH.COCH,CH,C]
CH,CH,COCH,CH,Cl
C¢HsCH=CHCHO
CsH;COCHCHCl
Glycerol

CeH;COCH;CH:Cl

D. Tetrasubstituted Quinolines

2-Nitro-4.5-dibromo-
N-acetyl-

2-Nitro-4-methyl-

2-Nitro-4,5-dimethyl-

CH»—C(Br)CH(OCOCHj3),

CH;COCH(CH3)CH,OH

CH,=C(CH3)CH(OCOCHj3),

Yield
% References
63 20,315
28 122
— 140
— 141
— 141, 142
27 20
Good 138, 139
18 298
39 208
8 19
30 312
37 243
50 282
24 316
17 271
65 315

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the yield reported is taken from that

reference.
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THE SKRAUP SYNTHESIS OF QUINOLINES

Benzo(h)quinoline

Benzo(k)quinoline
7.8,9,10-Tetra-
hydro-
6-Hydroxy-7,8,9,10-
tetrahydro-
—7-sulfonic acid
—I10-sulfonic acid
6-Methyl-

3-Ethyl-

6,7-Ace-

Benzo(f)quinoline

7,8,8,10-Tetra-
hydro-
10-Chloro-
10-Bromo-
& Nitro-
10-Nitro-
—8-sulfonic acid
—10-sulfonic acid
5-Carboxy-
8-Carboxy-
1-Methyl-
3-Methy!-
10-Hydroxy —8-sul-
fonic acid

TABLE II

BENZOQUINOLINES

A. Benzo(h)gquinolines

Reactants

1-Naphthylamine
1-Naphthylamine
5,6,7,8-Tetra-
hydro-
4-Hydroxy-5,6,7,8-
tetrahydro-
—5-gulfonic acid
—8-sulfonic acid
4-Methyl-

1-Naphthylamine

4,5-Ace-

\

Second Component

Glycerol
Glycerol

Glycerol

Glycerol
Glycerol
Glycerol

OH

C2H;0CH2CCH20CH;

CqoHj
Glyeerol

B. Benzo(f)quinolines

Reactants

s

2-Naphthylamine
2-Naphthylamine

5,6,7,8-Tetra-
hydro-
1.8-Dichloro-
1-Chloro-8-bromo-
6-Nitro-
8-Nitro-
—6-sulfonic acid
—8-sulfonic acid
3-Carboxy-
4-Carboxy-
2-Naphthylamine
2-Naphthylamine
8-Hydroxy—6-sul-
fonic acid

Second Component

Glycerol

Glycerol

Glycerol
Glyecerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol

CH3;0CH,;CH2C(OCH3)2CH;

CH;3;CH=CHCHO
Glycerol

Yield
%

35

Yield

%
81

87

References

35, 36, 39, 40
149

260

37, 38
41
230

22

58

References
36, 42, 43, 44,

45, 46, 47,

48, 49, 216
53

24, 215
244
38, 162

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the yield
reported is taken from that reference.



88

6,7,8,9-Tetrahydro-
10-Chloro-
10-Methyl-
6,10-Dichloro-
5,10-Dichloro-
10-Chloro-6-bromo-
10-Chloro-6-nitro-
10-Chloro-7-nitro-
10-Chloro-9-nitro-
5,10-Diphenyl-
9-Hydroxy—7-sul-
fonie acid

ORGANIC REACTIONS

TABLE II—Continued

BENZOQUINOLINES

C. Benzo(g)quinolines

Reactants

— \ Yield

2-Naphthylamine Second Component %
5,6,7,8Tetrahydro-  Glycerol 36
1-Chloro- Glyeerol 34
1-Methyl- Glycerol 25
1,5-Dichloro- Glycerol —
1,4-Dichloro- Glycerol —
1-Chloro-5-bromo- Glycerol —
1-Chloro-5-nitro- Glycerol —
1-Chloro-6-nitro- Glycerol 4
1-Chloro-8-nitro- Glycerol 12
1,4-Diphenyl- Glycerol 40-50
8-Hydroxy—6-sul- Glycerol —

fonic acid

Note: References 116-322 are listed on
reported is taken from that reference.

References

53

51, 52
50
283
283
52

51

61, 52
51
233
162

pp. 94-98 Where one reference is italicized, the yield



THE SKRAUP SYNTHELSIS OF QUINOLINLS

TABLE IIT

BrquiNoLyLs

89

Biquinolyls are numbered to show the carbon atoms through which the two

quinoline nuclei are joined; e.g., 2,7"-biquinolyl is
X
a

Biquinolyl
2,5'-

2,7'-

4,6'-

4,7'-

6,6'-

6,8’-

8,8"-

6-Methoxy-2,5'-

6-Methoxy-2,7'-

2’'-(p-Nitrophenyl)-
2,6'-

4-Methyl-2,6'-

8,8’-Dihydroxy-5,5'-

5,5'-Dicarboxy-8,8'-

2,2'-Dimethyl-6,6’-
5,5'-Dimethyl-8,8'-

Note: References 116-322 are listed on pp. 94-98,

N

A
Va
<

Reactants

Amine
2-m-Aminophenyl-
quinoline
2-m-Aminoplienyl-
quinoline
4- p-Awinophenyl-
quinoline
4-m-Aminophenyl-
quinoline
4,4'-Diawuinobiphenyl

2,4’-Diaminobiphenyl
2,2’-Diaminobiphenyl
2-m-Aminophenyl-
6-inethoxyquinoline
2-m-Aminophenyl-
6-methoxyquinoline
2-p-Aminophenyl-
quinoline
2-p-Aminophenyl-
4-methylquinoline
3,3’-Diamino-4,4’-dihy-
droxybiphenyl
2,2’-Diamino-4,4'-di-
carboxybiphenyl
4,4’-Diaminobiphenyl
2,2'-Diainino-4,4’-di-
methylbiphenyl

reported is taken from that relerence.

)
Second Component

Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
Glycerol
p-NO:C¢H«CH=CHCHO
Glycerol
Glycerol
Glycerol

Crotonaldehyde
Glycerol

Yie'd

%o
21

30

80
50
21

32

35

79

60

Refer-
ences

189

188, 225

18K

188

83, 84, 85,
198

199

200

191 -

191

301

86

206

205

244
200

Where one reference is italicized, the yield



90 ORGANIC REACTIONS

TABLE 1V

Coaprousps CoNTAINING Two orR THREE QUINGLINE NUCLE!L SEPARATED
BY Ovg or Two CARBON ATOMs
Yield Refer-

Product Reactants ¢, ences
6,6’-Diquinolylmethane 4,4"-Dijaminodiphenylmethane 19 202
4+ glycerol
6,6"-Diquinolyl ketone 4,4’-Diaminodiphenyl ketone — 203
4 glycerol
Tri-(6-quinolyl)methane Pararosaniline + glycerol — 203
sym-6,6’-Diquinolyl- sym-4,4’-Diaminodiphenylethane — 204
ethane + glycerol
sym-2,6-Diquinolyl- 1-(p-Aminophenyl)-2-(2-quino- — 192
ethylene Iyl)ethylene + glycerol

Note: References 116-322 are listed on pp. 94-98. Where one reference is
italicized, the yield reported is taken from that reference.



THE SKRAUP SYNTHESIS OF QUINOLINLS

Phenanthroline

1,10-Phenanthroline

(5)6-Chloro-1,10-
3-Bromo-1,10-
(5)6-Bromo-1,10-

(5)6-Nitro-1,10-
2-Methyl-1,10-
3-Methyl-1,10-
4-Methyl-1,10-
5(6)-Methy!-1,10-
4-Phenyl-1,10-

5(6)-Phenyl-1,10-
3,5-Dibromo-1,10-
3,6-Dibromo-1,10-
3,8-Dibromo-1,10~
5,6-Dibromo-1,10-
7-Chloro-3-methyl-1,10-
2-Hydroxy-4-methyl-
1,10-
2,9-Dimethyl-1,10-
3.4-Dimethyl-1,10-
3,5-Dimethyl-1,10-

3,6-Dimethyl-1,10-
3,7-Dimethyl-1,10-
3,8-Dimethyl-1,10-
4,5-Dimethyl-1,10-
4,6-Dimethyl-1,10-
4,7-Dimethyl-1,10-
5,6-Dimethyl-1,10-
4,6-Diphenyl-1,10-
4,7-Diphenyl-1,10-
3,4,6-Trimethyl-1,10-
3,4,7-Trimethyl-1,10-
3,4,8-Trimethyl-1,10-
3,5,6-Tribromo-1,10-
3,5,6-Trimethyl-1,10~
3,5,7~Trimet hyl-1,10-
3,58 Trimethyl-1,10-
3,8,7-Trimethy!-1,10-
4,5,7-Trimethyl-1,10-
3,5,6,8-Tetrabromo-1,10-
3,4,8,7-Tetramethyl-1,10-
3.4,6,8-Tetramethyl-1,10-
3,4,7,8-Tetramethyl-1,10-
3,5,8,8-Tetramethyl-1,10-

TABLE V

PHENANTHROLINES

A. 1,10-Phenanthrolines

Reactants

Amine

¢-Phenylenediamine
8-Aminoguinoline
6-Chloro-8-aminoquinaline
8-Amino-3-bromogquinoline
5-Bromo-8-aminoquinoline
6-Bromo-8-aminoquinaline
5-Nitro-8-aninoquinoline
2-Methyl-8-aminoquinoline
8-Aminoquinoline
8-Amino-4-methylquinoline
8-Amino-6-methylquinoline
8-Aminoquinoline
4-Phenyl-8-sminoquinoline
6-Phenyl-8-aminoquinoline
8-Amino-8-bromoquinoline
8-Amino-3,6-dibromoquinoline
8-Amino-3-bromoquinoline
8-Amino-5,6-dibromoquinoline
8-Amino-4-chloroquinoline

8-Amino-2-hydroxy-4-methylquino-

line
8-Aminoquinaldine
3,4-Dimethyl-8-aminoquinoline
8-Amino-6-methylquinoline

8-Amino-3,6-dimethylquinoline
8-Amino-4-methylquinoline
8-Amino-3-methylquinoline
8-Amino-4,5-dimethylquinoline
8-Amino~4,6-dimethylquinoline
8-Amino-4-methylquinoline
8-Amino-5,6-dimethylquinoline
4,6-Diphenyl-8-aminoquinoline
4-Phenyl-8-aminoquinoline

3,4,6-Trimethyl-8-aminoquinoline

3,4-Dimethyl-8-aminoquinoline
3,4-Dimethyl-8-aminoquinoline
8-Amino-3,5,6-tribromoquinoline
8-Amino-5,6-dimethylquinoline
8-Amino-4,6-dimethylquinoline
8-Amino-3,5-dimethylquinoline
8 Amino-4,5-dimethylquinoline
8-Amino-4,6-dimethylquinoline
8-Amino-3,5,6-tribromoquinoline

3,4,6-Trimethyl-8-aminoquinoline
3,4,6-Trimethyl-8-aminoquinoline

3,4-Dimethyl-8-aminoquinoline

8-Amnino-3,5,6-trimethylquinoline

Second Component
Glycerol
Glyeerol
Glycerol
Glycerol
Gilyceral
Glycerol
Glycerol
Glycerol
CHo=C(CH3) CH(OCOCHj3)2
Glycerol
Glycerol
CgHzCOCH2CH-Cl
Glyeerol
Glycerol
CHz=C(Br)CH(OCOCH3)
Glycerol
CHy=C(Br)CH(OCOCH3).
Glycerol
CHy=C(CH2)CH(OCOCH3)9
Glycerol

Crotonaldehyde diacetate

Glycerol

CH,=C(CHs)-
CH(OCOCH3)2

Glycerol

CH,=C(CH 3)CH(OCOCHj3)>

CH=C(CH3)CH(OCOCH3)s

Glycerol

Glycerol

CH30CH»CHsC(OCH3)2CHj3

Glycerol

Glyeerol

CgH3COCH2CH1Cl

Glycerol

CH3;COCH=CH:

CH=C(CH3)CH(OCOCH3),

Glyeerol

CHz=C(CHg)CH(OCOCH )2

CHy=C(CH3)CH(OCOCH3)e

CHy=C(CH3)CH(OCOCHj3),

CH;=C(CH3)CH(OCOCH3)»

CH3;COCH=CH:

CHo=C(Br)CH(OCOCH3)y

CH3COCH=CH:

CH»=C(CH3)CH(OCOCHj3),

CH3;COCH(CH3)CH20H

CH»=C(CH3)CH(OCOCHj3);

Yield

22

Refer-
ences

76
71,78

315
271
317

317
315
315
317
317
315
315
282
282
271
27
271
316
315
317
317
317
317
316
27
271
27
315

Note: References 116-322 are listed on pp. 94-98. Where one reference is italieized, the yield reported is taken

from that reference.



Phenanthroline

1,7-Phenanthroline

6-Bromo-1,7-
5-Nitro-1,7-
2-Hydroxy-1,7-
8-Hydroxy-1,7-

8-Hydroxy-1,7-

10-Hydroxy-1,7-

2-Methyl-1,7-(together
with the linear isomer
2-methyl-1,9-anthra-
zoline)

6-Methyl-1,7-

2-Hydroxy-4-methyl-1,7-

10-Hydroxy-8-methyl-1,7-

Phenanthroline

4,7-Phenanthroline

1,2,3 4-Tetrahydro-4,7-
or the linear isomer
1,2,3,4-tetrahydro-
1,6-anthrazoline

6-Bromo-4,7-

1-Hydroxy-4,7-
3-Hydroxy-4,7-
1-Hydroxy-3-methyl-4,7-
3-Hydroxy-1-methyl-4,7-
3-Keto-4-methyl-4,7-
1,3-Dimethyl-4,7-
3,8-Dimethyl-4,7-
5,6-Benzo-4,7-

1,8-Phenanthroline

5-Methyl-1,6-phenanthroline
5-Methyl-1,6-anthrazoline

2-Hydroxy-4.5,10-tri-
methyl-1,6-anthrazoline

ORGANIC REACTIONS

TABLE V—Continued
PHENANTHROLINES

B. 1,7-Phenanthrolines

Reactants
JR—

Amine Second Component
m-Phenylenediamine Glycerol
4-Bromo-m-phenylenediamine Glycerol
5-Nitro-m-phenylenediamine Glycerol
2-Hydroxy-7-aminoquinoline Glycerol
5-Amino-8-hydroxyquinoline Glycerol
2,4-Dinitrophenol Glycerol
2-Hydroxy-5-aminoquinoline Glycerol
4-Hydroxy-5-aminoquinoline Glyeerol
2-Methyl-7-aminoguinoline Glycerol
8-Methy!-5-aminoquinoline Glyeerol
2-Hydroxy-4-methyl-7-aminoquinoline Glycerol
4-Hydroxy-2-methyl-5-aminoquinoline Glycerol

C. 4,7-Phenanthrolines
Reactants
— Al

Amine Second Component
p-Phenylenediamine Glycerol
p-Nitroaniline Glycerol
6-Aminoquinoline Glycerol
1,2,3,4-Tetrahydro-6-atninoguinoline Glycerol
8-Bromo-6-aminoquinoline Glycerol
4-Hydroxy-6-aminoquinoline Glycerol
2-Hydroxy-6-aminoquinoline Glycerol
4-Hydroxy-2-methyl-6-aminoquinoline Glycerol
2-Hydroxy-4-methyl-6-aminoquinoline Glycerol
9-Keto-1-methyl-6-aminoquinoline Glycerol
2,4-Dimethyl-6-aminogquinoline Glycerol
p-Phenylenediamine CH;CH=CHCHO
1,4-Diaminonaphthalene Glyeerol

D. Other Phenanthrolines
5-Aminoisoquinoline Glyceral
2-Methyl-4-aminoquinoline Glycerol
5-Methyl-6-acctylaminoquinoline Glycerol
2-Hydroxy-4,5,8-trimethyl-6-amino- Glycerol

quinoline

Yield
%o
50

28 |

Yield
%
60

46
100

Refer-
ences
36, 43, 70,
71, 72
183
131
222
185
131
255
185
240
183

280
185
185

Refer-
ences
36, 70, 71,

72
73
50,73, 180
217

131
186
74
186
50, 186

74
143
244
143

75
81, 82
50
50

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the yield reported is taken

from that reference,
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Product

5,6-Trimethylenequinoline
6,7-Trimethylenequinoline
7,8-Trimethylenequinoline
7,12-Diketonaphtho(2,3-h)quinoline
5,6-Dihydroxy-7,12-diketonaphtho-
(2,3-h}quinoline
8-Amino-8-methyl-7,12-diketonaph-~
tho(2,3-h)quinoline
10-Methyl-11-amino-7,12-diketonaph-
tho(3,2-h)quinoline
Naphtho(2,3-f)quinoline
7,12-Diketonaphtho(2,3-f)quinoline
3-Methyl-7,12-diketonaphtho(2,3-f)-
quinoline
5,6-Dihydroxy-7,12-diketonaphtho-
(2,3-f)quinoline
6,7-Benz-12-ketonaphtho(2,3-/)-
quinoline
Naphtho(1,2-h)quinoline
Naphtho(2,1-f)quinoline
5,6-Dihydronaphtho(1,2-¢)quinoline
Naphtho(1,2-f)quinoline
Naphtho(2,1-h)quinolme
Dibenzo(f,h)quinoline
Pyrenoline
11-Indeno(2,1-f)quinoline
1,5-Naphthyridine

2-Hydroxy-1,5-naphthyridine
Thieno(2,3-b) pyridine
2-Keto-1,2-dihydro-1-oxa-8-aza-
phenanthrene
8-Methyl-2-keto-1,2-dihydro-1-oxa-
8-azaphenanthrene
4,9-Dimethyl-2-keto-1,2-dihydro-
1-oxa-8-azaphenanthrene
9,10-Benz-2-keto-1,2-dihydro-1-oxa~
8-azaphenanthrene
4-Methyl-9,10-benz-2-keto-1,2-dihy~
dro-1-0xa-8-azaphenanthrene
Bensofuro(2,3-f )quinoline
Benzofuro(3,2-g)quinoline
5-Nitrobenzofuro(2,3-f Jquinoline
Bensofuro(3,2-)quinoline
Bengofuro(2,3-y)quinoline
S-Bensenesulfonamidobenzofuro-
(3,2-f)quinoline
12-Xanthono(2,1-b)pyridine
10-Nitro-12-xanthono(2,1-b) pyridine
Pyridino(27,3",4,5) benzothiazole
Pyridino(2,3",6,7)benzothiazole
2-Methylpyridino(3’,2".4,5)benzo-
thiazole

TABLE VI

MISCELLANEOUS (QUINOLINES

Reactants
\
Second
Amine Component

3,4-Trimethyleneaniline Glycerol
3,4-Trimethyleneaniline Glycerol
2,3-Trimethyleneaniline Glycerol
1-Amino-9,10-diketoanthracene Glycerol
1-Amino-3,4-dihydroxy-9,10-diketo-  Glycerol

anthracene
1,5-Diamino-2-methy!-9,10-diketo- Glycerol

anthracene .
1,8-Diamino-2-methyl-9,10-diketo~ Glycerol

anthracene
2-Aminoanthracene Glycerol
2-Amino-9,10-diketoanthracene Glycerol
2-Amino-9,10-diketoanthraccne Paraldehyde
2-Amino-3,4-dihydroxy-9,10-diketo-  Glycerol

anthracene
2-Amino-9,10-diketoanthraccne Glycerol
1-Aminophenanthrene Glycerol
2-Aminophenanthrene Glycerol
2-Amino-9,10-dihydrophenanthrene  Glycerol
3-Aminophenanthrene Glycerol
4-Aminophenanthrene Glyceroi
9-Aminophenanthrene Glyeerol
3-Aminopyrene Glycerol
2-Aminofluorene Glycerol
3-Aminopyridine Glycerol
3-Amino-6-hydroxypyridine Glycerol
2-Aminothiophene Glycerol
6-Aminocoumarin Glycerol
6-Nitro-7-methylcoumarin Glycerol
6-Nitro-4,7-dimethylcoumarin Glycerol
6-Nitro-1,2-2-naphthapyrone Glycerol
6-Nitro-4-methyl-1,2-a-naphtha- Glycerol

pyrone
3-Aminodibenzofuran Glycerol
3-Aminodibenzofuran Glycerol
3-Amino-2-nitrodibenzofuran Glycerol
2-Aminodibenzofuran Glycerol
2-Aminodibenzofuran Glycerol
2-Amino-3-benzenesulfonamido- Glycerol

dibenzofuran
2-Aminoxanthone Glycerol
2,7-Dinitroxanthone Glycerol
4-Aminobenzothiazole Glycerol
6-Aminobenzothiazole Glyeerol
5-Amino-2-methylbenzothiazole Glycerol

Yield
%%
6
54
60

97

28

15

35

20

30

Refer-

ences
94
94
147

43, 60, 61

43

63

63

64, 164

62
60

43, 59,

64

66, 274,

318

66, 314

67

68, 300

68

68

68

68

95, 96,
95, 96,
97
96
96
97

69
69
305
304
302

97
97

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the yicld reported is taken

from that reference.
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ORGANIC REACTIONS

TABLE VI—Confinued

MISCELLANEOUS QUINOLINE®

Reactants
—
Second Yield
Product Amine Component oA
3-Phenyl-3-triazolobenzo(f )quinoline 1-Phenyl-5-amino-1-benzotriazole Glyeerol —
2.Phenyl-2-triazolobeazo(f )quinoline 2-Phenyl-5-amino-2-benzotriazole Glycerol —
2-p-Tolyl-2-triazolobenzo( f)quinoline 2-p-Tolyl-5-nitro-2-benzotriazole Glycerol —
or
2-p-Tolyl-2-triazolobenzo(g)quinoline
Pyridino(3’,2",4,5)-benzothiadiazole 5-Aminobenzothiadiazole Glycerol —
3-Phenyl-3-imidazo(f Jquinoline 1-Phenyl-5-aminobenzimidazole Glyeerol —
2-Phenyl-3-imidazo(f)quinoline 2-Phenyl-5-aminobenzimidazole Glycerol 35
3-p-Tolyl-3-imidazo(f)quinoline 1-p-Tolyl-5~aminobenzimidazole Glycerol —
1-Phenyl-4-chloro-1-imidazo(g)quino- 1-Phenyl-4-chloro-5-aminobenz- Glycerol —
line imidazole
1-p-Tolyl-4-chloro-1-imidazo(g)quino- 1-p-Tolyl-4~chloro-5-aminobenz- Glycerol —
line imidazole
2-Phenyl-4-bromo-1-imidazo{g)quino- 2-Phenyl-4-bromo-5-aminobenz- Glycerol —
line imidazole
1-Pyrazolo(3,4-f) quinoline 6-Aminoindazole Glycerol 30
9-Chloro-1-pyrazolo(4,3-g)quinoline 6-Amino-7-chloroindazole Glycerol —
Quinolino(8,7-h)quinoline 1,5-Diaminonaphthalene Glycerol —
9,10-Diketodipyridoanthracene 1,5-Diamino-9,10-anthraquinone Glycerol —
9,10-Diketodipyridoanthracene 2,6-Diamino-9,10-anthraquinone Glycerol —
9,10-Diketodipyridoanthracene 2,7-Diamino-9,10-anthraquinone Glyeerol —

Dimethyldipyridoacridine
Dipyrido(2,3-f,4)quinoline
Di-8-quinolyl oxide

3,6-Diaminoacridine
1,3,5-Triaminobenzene
4,4’-Diaminodiphenyl oxide

CH3CH=CHCHO
Glycero!
Glycerol

Refer-
ences
322
322
137

303
322
322
322
322

322

310

Note: References 116-322 are listed on pp. 94-98. Where one reference is italicized, the yield reported is taken

from that reference.
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INTRODUCTION

This chapter is a review of those reactions of compounds containing
labile amino groups in which a carbon-carbon bond is formed by amine
replacement, as, for example, in the alkylation of diethyl malonate by
1-dimethylamino-3-butanone.

CH;COCH,CH,N(CHj3)s + CH(CO,CoHz)s —
CH;COCHCH.CH(CO.C.Hy), + (CH;),NH
In the most general terms, these alkylation reactions may be written

ZCH;NRR: + HY — ZCH.Y + HNR;R,

or
+
ZCH2NR‘1R2R3 X- + MY — ZCHQY + NR1R2R3 + MX
where
OH
9 ~
Z=R—C—CH— |, \ J , t | , , etc.;
L, S
R N
H H oorp

HY = hydrogen cyanide, active methyl and methylene compounds; and
MY = alkali cyanides, sodio derivatives of active methyl or methylene
compounds, Grignard reagents, or organolithium compounds.

Attention has been given primarily to reactions of amines that can be
prepared by the Mannich reaction! (Mannich bases), but, for com-

1 Blicke in Adams, Organic Reactions, Vol. I, p. 303, John Wiley & Sons, 1942.
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parison, analogous reactions of simpler quaternary ammonium salts have
been included in the discussion and tables. A number of reactions which
are closely related to these simple alkylations but follow a somewhat
different pattern are discussed in the Related Reactions section and are
not included in the tables.

SCOPE AND LIMITATIONS
General Considerations

The most important groups of compounds capable of engaging in
carbon-carbon alkylations by amine replacement are:

(@) Simple quaternary ammonium salts containing benzyl and methyl
radicals. The general formulation of earbon-carbon alkylation with
such salts corresponds to the third equation on p. 102

(b) Tertiary amines that can be prepared from ketones, phenols,
heterocyclic compounds, and nitro compounds by the Mannich re-
action.!

0O H

[
R—C—C—H + CH;0 4+ HNR,-HCI —
|

R’
O H
R—g%é—‘CHzNRz'HCI + H,0
b
OH OH

CH.NR.
©+CH20+HN%© NR 4 10
— —CH:NR
Q J+CH20+HNR2—>©\ J T4 HO
N N
H H

CH3CH:CH,NO; + CH.0 + HNR, — CH5;CH:CH(NO,)CH;NR, + H,0

The general form of the reactions of carbon-carbon alkylations by
amine replacement undergone by these Mannich bases is shown in the
second equation on p. 102.
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(¢) Quaternary salts of Mannich bases, which can be formed by
reaction of the tertiary amines with alkyl halides or dimethyl sulfate.

—“+
ZCH,NR, + R’X — ZCH;NR,R'X™

The general form of the reactions undergone by these salts is shown
in the third equation on p. 102.

Structural Considerations

Structure of the Alkylating Radical. The ability to form a conjugated
unsaturated system by amine elimination seems to be the main structural
requirement for facile carbon-carbon alkylations by amine replacement
with tertiary amines (see p. 126). The structural features required for
amine elimination are indicated in formulas I and II. An enolizable
hydrogen atom must be so located that when it and the dialkylamino

H
L

|
A:c—c—(lj—NRz — A:(lj—(f:(}l + HXR,
o

I

\
HA—C=C—C—NR; — A:C—C“:C + HNR,
Lo l I

I

group are removed from the molecule a conjugated unsaturated system
can be established by electron transfer.

The structural characteristics necessary for easy carbon-carbon
alkylations with quaternary ammonium salts are similar. A number of
quaternary salts that cannot undergo amine elimination can be used as
alkylating agents, although in general the reactions are much slower
than those of quaternary salts which can suffer amine elimination.
Where amine elimination is not possible, the structural requirement of
the alkylating radical appears to be either the presence of an allylie
system, as in benzyl, {-methylskatyl (III), and furfuryl radicals, or
freedom from steric hindrance to rearward attack, as in the methyl
radical.
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Structure of the Amino Group Replaced. The structure of the amino
group replaced in carbon-carbon alkylations of this type is of some
importance in the economic and operational aspects of these reactions.
The presence of certain amino groups that could undergo alkylation by
the alkylating radical, such as derivatives of aniline, is probably un-
desirable in some of these reactions.

Structure of the Substance To Be Alkylated. Only those substances
that can easily form anions can be alkylated by Mannich bases or
quaternary salts. Active methylene compounds and their sodio de-
rivatives, hydrogen cyanide and its salts, and organometallic compounds
such as Grignard reagents and alkyl- or aryl-lithium compounds con-
stitute the principal members of this class of substances.

The carbon-carbon alkylations with amines and ammonium salts to be
considered in detail are the following.

(@) Replacement of amino groups by cyanide

(b) Alkylation of active methyl and methylene compounds

1. Alkylation of aliphatic nitro compounds
2. Alkylation of ketones and g-keto esters
3. Alkylation of esters

4. An alkylation of indole

(¢) Amine replacement reactions of quaternary salts with organo-
metallic compounds.

Replacement of Amino Groups by Cyanide

Quaternary Ammonium Salts and Alkali Cyanides. Quaternary
ammonium cyanides are difficult to prepare, but mixtures of certain
quaternary ammonium salts with alkali cyanides decompose when
strongly heated in a manner expected of quaternary ammonium cyanides.
The reactions are analogous to those of quaternary ammonium halides
in that benzyl and methyl groups are cleaved from the quaternary
nitrogen atom and couple with the anion of the salt. In at least one
reaction, however, olefin formation, similar to that found in the Hofmann
exhaustive methylation, occurs more readily than does simple amine
replacement.?

When tetramethylammonium cyanide is heated, acetonitrile, methyl-
carbylamine, and trimethylamine are formed? Acetonitrile and methyl-
ethylaniline are formed when a mixture of potassium cyanide and di-
methylethylanilinium jodide is distilled to dryness.

*Snyder and Brewster, J. 4m. Chem. Soc., 71, 291 (1949).

3 Thompson, Ber., 16, 2338 (1883).

4 von Meyer and Schwabe, Abhandl. math.-phys. Klasse sichs. Ges. Wiss., 31, 179 (1908)
[Chem. Zentr., 80, 11, 1800 (1909); C. 4., §, 887 (1911)].
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Although benzyldimethylanilinium halides do not react appreciably
with sodium cyanide in boiling water,® benzy! cyanide is formed when an
aqueous solution of the two salts is distilled to dryness.* Similarly, the
methiodide of 1-dimethylaminomethyl-2-methoxynaphthalene (1V,
R = CHj) reacts with sodium cyanide to form 2-methoxy-1-naphthyl-
acetonitrile (V, R = CHj;) only when an aqueous solution of the two
salts is evaporated to dryness and distilled in vacuum at temperatures
above 150°.¢ On the other hand, when a mixture of sodium cyanide and
N,N N-trimethyl-a-phenylethylammonium iodide (VI) was similarly

CH,N(CHj), CH.CN
XOR OR
/
1v vV

treated, styrene was formed and no hydratroponitrile could be detected

in the reaction products.?
[CGHE(EHN(CHa)a]JrI—

CH;
VI

Although none of the reactions described above is of preparative
interest, since the corresponding methyl and benzyl halides are readily
available, the analogous reactions of the quaternary salts of Mannich
bases derived from indole are useful in the preparation of indoleaceto-
nitriles. The methiodide of gramine $+%¢ (3-dimethylaminomethyl-
indole, VIla) reacts with potassium silver cyanide in boiling water to
form indole-3-acetonitrile (VIII), isolated as the acid in 469, yield.t7
The methosulfate of gramine reacts readily with potassium cyanide in
aqueous ethanol to form the same nitrile (VIII) (isolated as the acid in
509 yield from gramine).®® The quaternary salt of gramine is formed

©:——'CH2NR2 OIlCHQCN
j W
v N

H

N
H

VI1 VIII
VIla Gramine; R = CH3

& Snyder and Speck, J. Am. Chem. Soc., 61, 668 (1939).

8 Snyder and Brewster, J. Am. Chem. Soc., T1, 1058 (1949).

e Schramm, J. Am. Chem. Soc., 73, 2961 (1951).

% Schépf and Thesing, Angew. Chem., 63, 377 (1951).

65 Geissman and Armen, J. Am. Chem. Soc., T4, 3916 (1952).

7 Snyder, Smith, and Stewart, J. Am. Chem. Soc., 66, 200 (1944).
8 Heidelberger, J. Biol. Chem., 179, 139 (1949).

8a Thesing and Schiilde, Chem. Ber., 85, 324 (1952).
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in situ by the addition of dimethyl sulfate to the solution of gramine
and potassium cyanide. The methiodide of I-methylgramine (IX)
reacts with hot aqueous sodium eyanide to give mainly the expected
product, I-methyl-3-indoleacetonitrile (X, 60-64%), togcther with
smaller amounts of 1,3-dimethyl-2-cyanoindole (XI, 49%),° apparently
by an allylic rearrangement during the alkylation process. The Mannich
bases of N-methyl- and N-phenyl-pyrrole yield the normal produets

only.%

+
@—CHZN(CHa)a I~ NaCN
j o’

H,;0

N
CH;,
IX
CH,CN CH;
N(CH Nal
N N
CH; CH;,
X X1

In a similar fashion, furfuryltrimethylammonium iodide (XII,
R = H) yields a mixture of furfuryl cyanide (XIII, R = H, 279%) and
2-cyano-5-methylfuran (XIV, 59%), and S-methylfurfuryltrimethyl-
ammonium iodide (XII, R = CHj) gives 5-methylfurfuryl cyanide
(XIII, R = CHj) in 379, yield.!

The methiodide of S-dimethylaminopivalophenone (XV) reacts with
sodium cyanide when an aqueous solution of the two salts is distilled
to form g-dimethylaminopivalophenone (XV) and, presumably, ace-
tonitrile.t

Rlo JCH2§I(CH3)3 1- RILO JCH2CN
XII

XI1I

CH,

|
L J CsHsCOCCH,N(CHj),
NC CH, |
0 CH;
XIv

Xv

¥Snyder and Eliel, J. Am. Chem. Soc., T0, 1703, 1857 (1948),
% Herz and Rogers, J. Am. Chem. Soc., 73, 4921 (1951),

1 Eliel and Peckham, J. Am. Chem. Soc., 73, 1209 (1950).

U 8nyder and Brewster, J. Am. Chem. Soc., 71, 1061 (1549).
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Tertiary Amines and Hydrogen Cyanide. Tertiary amines capable of
eliminating a secondary amine to form a conjugated unsaturated
structure can react with hydrogen cyanide to form nitriles by amine
replacement.

3-Dialkylaminomethylindoles (VII) react with hydrogen cyanide in
benzene solution at 150° to form indole-3-acetonitrile (VILI); ! under
similar conditions 1-dimethylaminomethyl-2-hydroxynaphthalene (IV,
R = H) reacts with hydrogen cyanide to form 2-hydroxy-1-naphtha-
leneacetonitrile (V, R = H).? No information on the yields obtainable
by this process is available.

Hydrochlorides of a number of ketonic Mannich bases have been
found to react readily with alkali metal cyanides in hot water to form
v-ketonitriles in good yield.’® No successful application of this reaction
to wholly aliphatic ketonic Mannich bases has been reported; the
hydrochloride of 2-dimethylaminomethylcyclohexanone (XVI) formed
only a resin or oil when heated with potassium cyanide in aqueous
solution.® IKetonic Mannich base hydrochlorides of structure XVII
have been found to react satisfactorily with aqueous potagsium cyanide
when R is furyl, benzofuryl, thienyl, phenyl, 3-hydroxy- and 3-methoxy-
phenyl, 4-methyl-, 4-chloro-, 4-bromo-, 4-hydroxy-, and 4-methoxy-

—0
CH,N(CHjs)»

XVI

Rl ]-I{I
\
RCOCCH,N(CHj3).-HCl 4 KCN — RCO(‘JCHch + HN(CHj): + KCI

R, R:
XVII Ri=Rs=H

phenyl; 3,4-dimethoxyphenyl, a- or g-naphthyl. The hydrochloride of
g-dimethylamino-3-nitropropiophenone formed resins when heated with
aqueous potassium cyanide.”®

Substituents on the carbon atom adjacent to the carbonyl group
appear to interfere with the reaction with cyanides. The hydrochloride
of a-dimethylaminomethylpropiophenone (XVII, Ry = H, Re = CHs)
formed a resin or oil,® and the hydrochloride of dimethylaminopivalo-
phenone (XVII, R; = Ry = CHj3) underwent a reverse Mannich re-
action to form isobutyrophenone.!

12 Qalzer and Andersag, U. S. pat. 2,315,661 [C. A., 37, 5418 (1943)); U. 8. PB 706,

Dept. of Commerce, Washington, D. C.
13 Knott, J. Chem. Soc., 1947, 1190.
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It has been reported that the salts of Mannich bases made from
piperidine or morpholine do not react under conditions ™ suitable for
dimethylamine derivatives. It seems likely that this is at least partly
due to the fact that the amines being replaced are less volatile than the
solvent.

Tertiary Amines and Alkali Cyanides. The Mannich bases of phenols
and indoles react with sodium cyanide in hot aqueous ethanol to form
sodium salts of aryl- and indole-acetic acids.!? Little information on
yields and the by-products formed is available, though it is reported that
condensation products are formed from phenolic Mannich bases. This
is not surprising since phenolic Mannich bases readily undergo self-
alkylation in weakly alkaline solution to form diarylmethanes.!

2ZCH2NR1P\2 —+‘ H20 s ZCHzZ —+— CHzO —+‘ 2HNR1R2

In the reaction of 1-dimethylaminomethyl-2-naphthol with sodium
cyanide it was found that 2-hydroxy-1-naphthaleneacetic acid (XVIIID)
could be isolated in 479 yield, and the diarylmethane (XIX) was formed
in at least 209, yield.'* It seems likely that diarylmethane formation
would be a major side reaction in any similar application of this method
and that phenolic Mannich bases containing unsubstituted ortho or para
positions would form appreciable amounts of polymeric materials, as has

NaCN, H,0
‘ CH,N(CH,), — ~ | CHL,C0, +
OH . _~OH

XVIIT (47%)

O CH, ‘ + HN(CH,), + NH, + CH,0
OH HO

XIX (209)

been observed in the reaction of 6-dimethylaminomethylguaiacol with
sodium cyanide.!5¢
Several 3-dialkylaminomethylindoles (VII) have been subjected to
reaction with cyanide, but information as to yields is available only for
dimethylaminomethylindole (gramine, VIIa) which in hot aqueous
“ Auwers and Dombrowski, Ann., 344, 280 (1906).

BT, Brewster, doctoral thesis, University of Illinois, Urbana, Iil., 1948.
e Bliel, J. Am. Chem. Soc., 73, 43 (1951).
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ethanol gave a 6995 yield of 3-indoleacetic acid (XX) and a 209, yield of
3-indoleacetamide with little or no diindolylmethane.!® Indoleacetamide
may be hydrolyzed to the acid in good yield.*®

@\—JCH2CO2H <j\—JCHZN(CHB>2
N N

H CH;
XX XXI

Compounds that cannot suffer amine elimination, such as 1-methylgra-
mine 7 (XXI) and 1-dimethylaminomethyl-2-methoxynaphthalene ¢
(IV, R = CHj3) fail to react with sodium cyanide under the above
conditions.

Alkylation of Active Methyl and Methylene Compounds

Alkylation of Aliphatic Nitro Compounds. Alkylations of aliphatic
nitro compounds by p-nitrobenzyltrimethylammonium iodide and
Mannich bases of indole, of ketones, and of aliphatic nitro compounds
have been reported.

Gramine (VIIg) reacts smoothly with 1- or 2-nitropropane in the
presence of sodium hydroxide to give good yields of monoalkylated nitro
compound; much lower yields are obtained with nitroethane.’® Only

R
H.N(CH | "
@—JC 2 ( 3)2+HCNO2 NaO
~ I
N R’
H
Vlla
i
CH,CNO:
J | + (CH3)NH
~ R’

H

diskatylnitromethane (XXII) was obtained by alkylation of nitro-
methane under these conditions.'®
16 Snyder and Pilgrim, J. Am. Chem. Soc., 70, 3770 (1948).

7 Snyder and Eliel, J. Am. Chem. Soc., 71, 663 (1949).
18 Snyder and Katz, J. Am. Chem. Soc., 69, 3140 (1947).
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~—CH.N(CHj3), NaOH
2@\ J MO No, 208
N
H
Vlla
——CH, |CHNO,
J + 2(CHj3),NH
N
H 2

XXI1

Ethyl nitroacetate is dialkylated with gramine in the presence of
ethanol and sodium ethoxide '8 or in the presence of powdered sodium
hydroxide in xylene.’* Skatylnitroacetic ester (XXIII), which can be
converted to tryptophan in good yield, is obtained from gramine and
ethyl nitroacetate in xylene solution in the absence of any catalyst; 1®
diethyl nitromalonate may also be alkylated by means of gramine and
the product may be converted to tryptophan 20

©\‘JCH2(|)HC()202H5
N NO;
H

XXIII

Ketonic Mannich bases react rapidly with nitromethane in the
presence of alkaline catalysts, as sodium methoxide or ethanolic po-
tassium hydroxide, to form mono-, di-, or tri-alkylated nitromethanes.!
Thus, with the Mannich bases of acetone (XXIV), cyclohexanone (XVI),
acetophenone (XXV), and 4-methoxy- and 3,4-dimethoxy-acetophenone,
monoalkylated products are formed from nitromethane in the presence
of sodium ethoxide. Some dialkylated product is formed from the

Base

RCO?HCHzN(CHa)Z -+ CH;NO. m

Rl

RCOICHCH?_CHzNOg, (RCOCHCHY),CHNO,, or (RCOCHCH,):CNO,

R’ 1|1' R’
Y Lyttle and Weisblat, J. Am. Chem. Soc., 69, 2118 (1947); Weisblat and Lyttle, U. 8.

pat. 2,557,041 [C. A., 46, 1593 (1952)].

% Weisblat and Lyttle, J. Am. Chem. Soc., T1, 3079 (1949); U. S. pat. 2,528,928 [C. A.,
46, 3870g (1951)).

™ Reichert and Posemann, Arch. Pharm., 276, 67 (1937).
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Mannich base of 3.i-dimethoxyacetophenone. Di- and tri-alkylated
nitromethanes are formed by reaction of the Mannich base of aceto-
phenone, nitromethane, and ethanolic potassium hydroxide.

CH;COCH,CH,NR, C¢H;COCH2CHoNR
XXIV XXV

1- and 2-Nitropropane can be alkylated by the Mannich base derived
from l-nitropropane.?»® The reaction fails with the Mannich base of
2-nitropropane.

Alkylation of Ketones and B-Keto Esters. Many alkylations of
ketones and B-keto esters by means of Mannich bases have been re-
ported.?e The principal interest in these reactions has been in the prepa-

+
CH3NR; I C02C2H5 H.C COQC2H5
|

R,CH CHR3 R,CH CR;

| l NaOCsz \

C=0 + C=0 R C=0 (=0
/ / Y4

R2 (|jH2 Rz CHZ
\
Ra R,

lOne or two steps

R@Ra
R N

Ry 0
- TOne or two steps
+
RsN CH:
AN H;C:30:C / .
H5C20:C CH, | N
R.C CHR;,
R,CH CHR: nu00.H; | \
| + | — C =0
C¢=0 =0 SN/
/ / R» 0 CH,
R CH. l
| Ry
R,

21a §pyder and Hamlin, J. Am. Chem. Soc., T2, 5082 (1950).

2b Other examples are reported by Gill, James, Lions, and Potts, J. Am. Chem. Soc.,
74, 4923 (1952).

21c For more recent examples see Barltrop and Saxton, J. Chem. Soc., 1952, 1038; Gun-
stone and Heggie, ibid., 1952, 1437.
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ration, from ketonic Mannich bases, of §-diketones which can be cvelized
to eyclohexenone derivatives.

Fthyl sodivacetoacetate has been alkylated by reactions with benzyl-
dimethylanilinium chloride 7 (609%) and the methiodide of gramine
(VIIa).” Thesodium derivative of ethyl acetamidoacetoacetate (XXVI)
was alkylated by 3-diethylaminomethylindole (VII, R = Cy;Hj;) in the
presence of dimethyl sulfate in 839 yield.”

/N

CH,—N 0
CH,COCHCO,C;H, om \__/
NHCOCH,
XXvI XXvi

Dibenzoylmethane has been alkylated by reaction with 1-morpho-
linomethyl-2-hydroxynaphthalene (XX VII) in ethanol in the presence
of acid.2 This appears to be the first reported alkylation of an active
methylene compound by means of a phenolic Mannich base. It is
unique among all these reactions in that added acid rather than base is
employed as a catalyst.

Ethyl acetoacetate and other 8-keto esters can be alkylated by reaction
with ketonic Mannich bases (tertiary amines) in the presence of traces
of sodium ethoxide #* (Mannich’s method), or by reaction of quaternary
salts of ketonic Mannich bases in the presence of equivalent amounts of
sodium ethoxide ?* (Robinson’s method). The method of Mannich has
the disadvantage that the reaction is slow, sometimes requiring two
weeks for completion; it is apparently not desirable to heat the reaction
mixture. Robinson’s method gives a much faster reaction; the mixture
is usually held for several hours at room temperature and then heated
under reflux for two to twenty hours until evolution of amine ceases.
In cases where pure quaternary salts of ketonic Mannich bases have been
employed, high yields of the desired alkylation products have been
obtained.?2%* Agide from these examples, little information on yields
obtained by these reactions is available.

The sodium derivatives of ketones can be alkylated by means of
quaternary salts of ketonic Mannich bases; sodium amide is customarily

% Albertson, Tullar, King, Fishburn, and Archer, J. Am. Chem. Soc., 70, 1150 (1948),

3 Lieberman and Wagner, J. Org. Chem., 14, 1001 (1949).

% Mannich, Koch, and Borkowsky, Ber., 70, 355 (1937).

% duFeu, McQuillin, and Robinson, J. Chem. Soc., 1937, 53.

% Wilds and Shunk, J. Am. Chem. Soc., 65, 469 (1943).

¥ Prelog, Wirth, and Ruzicka, Helv. Chim. Acta, 29, 1425 (1946).

Za Prelog, Barman, and Zimmermann, Helv. Chim. Acta, 33, 356 (1950).

® Prelog, Ruzicka, Barman, and Frenkiel, Hely. Chim. Acta, 31, 92 (1048).
® Prelog, Barman, and Zimmermann, Helv. Chim. Acta, 32, 1284 (1949).
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used as the base. Only a few alkylations of a ketone by a free ketonic
Mannich base (tertiary amine) have been reported. Oneis the alkylation
of 2-phenyleyclohexanone (XXVIII) with a Mannich base of acetone
(XX1V), in the presence of one equivalent of sodium amide, which pro-
ceeds in 429, yield3® In two other cases, the bases were employed
as hydrochlorides with sodium hydroxide or potassium ¢-butoxide as

catalyst.
C.H;

0
@eHs + (CH,),NCH,CH,COCH; —> E:Elo

XXVvill

The yield of alkylation product may be increased by formylating the
ketone first by means of methyl formate. The resulting a-hydroxy-
methyleneketone (which is considerably more acidic than the parent
ketone) is then alkylated in good yield with the methiodide of the
ketonic Mannich base in the presence of sodium methoxide, and the
hydroxymethylene group is finally removed by basic cleavage at the
same time cyclization is effected.30s?

0 ﬁcocha 0]
R NaOCHg R CHOH +

+ _  NaOCH, 0)
CH,COCH,CH,N(CH,)(C,Hy), I7 ———»
R CH,CH,COCH,4

CHO
NaOH 0]
—_—_—
R[ I ]

When a ketone is to be alkylated, there may be two reactive carbon
atoms available. It has been found that active methinyl groups are
more readily alkylated than active methylene groups. Anactive methyl-
ene group bearing a phenyl group is more readily alkylated than one
bearing only alkyl groups. The following examples illustrate these
principles,®*3!

30 Boekelheide, J. Am. Chem. Soc., 69, 790 (1947).

3¢ Wilds and Shunk, J. Am. Chem. Soc., 72, 2388 (1950); see, however, Woodward
et al,, J. dm. Chem. Soc., T4, 4223 (1952).

30 Wilds and Werth, J. Org. Chem., 17, 1149, 1154 (1952).
I Crowley and Robinson, J. Chem. Soc., 1938, 2001.
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CH,

CH,COCH,CH,

+
CH;COCIL,CH,N(CH,)(C,H,), I s

+ 2
0 :
0 CH,

OCHS
+
CH,COCH,CH,N(CH,;)(C,Hy), I~ . CH,COCH,CH

3 U A

OCH, l

OCH,
H” H
oA

It will be noted that the alkylation products of ketones or 8-keto esters
with a ketonic Mannich base are §-diketones, many of which can form
cyclohexenone derivatives by internal aldol condensation as in the
examples cited above. Often, as above, such cyclizations occur dyr-
ing alkylation. These reactions may be used to form simple cyclohex-
enone derivatives, such as the terpenes carvenone (XXIX) and piperi-
tone #82.525 (XX X), bicyclic terpenes containing angular methyl groups

H,C H,C 0
O—_ _AJCH(CH,), CH(CHy),

XXIX XXX

oo

such as the cyperones ¥ (XXXI), polynuclear aromatic hydrocarbons,
fused ring systems related to the steroids and containing angular methyl
groups,*# compounds related to alkaloids and containing angular

® Downes, Gill, and Lions, Australian J. Set., 10, 147 (1948) [C. A., 43, 7257 (1948)].

#a Downes, Gill, and Lions, J. Am. Chem. Soc., 72, 3464 (1950).

¥ Gill and Lions, J. Am. Chem. Soc., 72, 3468 (1950).

¥ Adamson, McQuillin, Robinson, and Simonsen, J. Chem. Soc., 1937, 1576; McQuillin,
tbid., 19561, 716.

¥ Martin and Robinson, J. Chem. Soc., 1943, 491; 1949, 1866.

% Cornforth and Robinson, J. Chem. Sog., 1949, 1855.
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ethyl ® or phenyl *° groups, or phenols possessing melu bridges.*’ YFur-
ther examples of this type of alkylation are histed in Table VII.

CH, CH,
CH QZ(E 0 CH3(‘:H g O
CH3 CH3 CH3 CH3
« ~Cyperone B -Cyperone
XXXIa XXXIh

An interesting modification of this reaction consists in the use of the
di-Mannich base of acetone; the simple alkylation product undergoes
amine elimination to form a compound that can be cyclized to a dienone
capable of rearranging to a phenol.2&>%% Whether an ortho- or mela-
bridged phenol is obtained depends on the size of the alicyclic ring.*™®

I~ 1~ C0,C,Hj

(H,C);N+ -;N(CHE,)3

C}{2 /CHZ 4+ 0

o )
//C
0O CH, /
C0,C,H

CH2§ /CHz 2~2+%5

(HgC)y N TN(CH,)g C)ZOZCH3 (|3020H3
CH, CH, CH— CHzC
/ | —> |
it +(lzzo (CH,)1» CH2=C! (|3=o (CH,) s
¢ CHZ——] 0=C CH;
7\ ]
0O CH;

% (thosh and Robinson, J. Chem. Soc., 1944, 506.
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In another useful version, the methiodide of 1-methyl-4-piperidone
(XXXIT), which may be considered as a Mannicl base formed from two
moles of formuldehyde and one mole each of acetone and methylamine,
is used as an alkylating agent.?” Only one of the carbon-nitrogen bonds
breaks, and a 3-keto-3-dimethylaminoamyl group is thus introduced
into the compound alkylated.

]
CH3;COCHCO,C:H;
+ CH;COCH,COCH —
NTI- CH,CH,COCH,CH,N(CHj),
RN
CH; CH;
XXXI1

The primary products may be capable of cyclization.s?

Alkylation of Esters. Only esters containing doubly or triply activated
carbon atoms have been alkylated by amine replacement reactions.
Alkylations of a-nitro esters and S-keto esters have already been de-
seribed.

Diethyl malonate has been monomethylated by means of tetra-
methylammonium ethoxide.3® Diethyl sodiomalonate has been ben-
zylated, in yields as high as 799, by means of quaternary salts con-
taining, in addition to the benzyl group, methyl, ethyl, phenyl, or penta-
methylene groups. Dibutyl ether, absolute ethanol, or an excess of
diethyl malonate has been used as a solvent under various temperatures
and pressures.” Highest yields were obtained from diethyl sodio-
malonate with benzyltrimethylammonium bromide in refluxing dibutyl
ether (779) or with benzyldimethylanilinium chloride heated in the ab-
sence of solvent (73-79%). Diethyl sodiomalonate has also been alkyl-
ated with the methiodides of 1-dimethylaminomethyl-2-methoxynaph-
thalene ¢ (IV, R = CH3) and (+, —)-N,N-dimethyl-a-phenylethyl-
amine,’ using Diethyl Carbitol as a solvent. When the methiodide of
(4)-N,N-dimethyl-a-phenylethylamine (VI) was employed as an alkyl-
ating agent, the alkylation product was optically inactive; a small
amount of N,N-dimethyl-e-phenylethylamine (probably formed by de-
methylation of the salt) was recovered from the reaction mixture and
found to be only slightly optically active.?

Methyl eyanoacetate and tricarbethoxymethane have been benzylated
with benzyldimethylamine.® The initial step in this reaction is a

¥ Cardwell and McQuillin, J. Chem. Soc., 1949, 708.

3 Wittig, Heintzeler, and Wetterling, Ann., 557, 201 (1947).
® Snyder, Eliel, and Carnahan, J. Am. Chem. Soc., T2, 2958 (1950).
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quaternization of the amine by reaction with the ester. The following

CGH5CH2N(CH3)2 + NCCH;COQCH;; 4
CeH;CH:N(CH3):t + NCCH»CO:™

steps involve alkylation with loss of carbon dioxide, evolution of tri-
methylamine, and formation of hydrocinnamonitrile (XXXIII). Other
products of the reaction are dibenzylacetonitrile (XXXIV) and dibenzyl-
methylamine.3®

No successful alkylation of malonic ester derivatives by means of
phenolic Mannich bases has been reported,’ but a Mannich base
derived from quinaldine has been used with good results.**®

CsH;CH.CH:CN (CsH;CH,):CHCN
XXXIIT XXXIV

Alkylations of malonic ester derivatives by heterocyclic Mannich
bases have been performed in three different ways. The first two
methods involve the reaction of a quaternary salt of the Mannich base
with the sodio derivative of the malonic ester. Either the preformed
quaternary salt can be used 7 (method A, essentially Robinson’s method,
p. 113), or the quaternary salt may be formed in situ by addition of
dimethyl sulfate, methyl iodide, or ethyl iodide to the reaction mixture
containing the Mannich base in solution * (method B, Albertson’s
method). In the third method, the Mannich base is heated with the
malonic ester derivative either in an excess of the ester or in an inert
solvent such as xylene, with or without a catalyst such as powdered
sodium hydroxide # (method C, essentially Mannich’s method, p. 113).

X
+
— CH.N(CH3ys I~ I
(A) O J ST L NaCC0,CeH; —
~ |
N Y
H
X
i
 CH,CCO.CH
@ J f *20 4 Nal + N(CHy)s
~ Y

N
H

% Boekelheide and Marinetti, J. Am. Chem. Soc., 73, 4015 (1951).

40 Albertson, Archer, and Suter, J. Am. Chem. Soc., 67, 36 (1945).

it Howe, Zambito, Snyder, and Tishler, J. Am. Chem. Soc., 67, 38 (1945); Snyder,
Howe, and Zambito, U. 8. pat. 2,447,544 [C. 4., 42, 6381b (1948)].
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X

CHeN(CHghy Cobts 1
(B) Qj o + Aa(l‘c*OQCgHa =5
-

N ¥
H
X
l
CHz0C0C,H .
@U | Nal o N(CHu)o(CaHo) T-
H
X
CH:N(CHg)y || NaOH)
(C) ‘ /” s 3 _+_ HC(‘O2(‘QH5 NaO© \)
XN
R Y
H

i
—CH-CCO.C,H :
@\ ST ey,
N Y
H

X = —C03C2H;, —CN, etc.
Y = —H, —R, —NHCOR, —CO,C,H;, etc.

The Mannich bases of indole, such as gramine (VIIa), have been used
in alkylations of cyanoacetic and malonic esters. Yields of 85% were
obtained by method A,” whereas by method C a 769, yield was ob-
tained in the alkylation of malonic ester.” Tricarbethoxymethane, in
the absence of added catalyst, has been alkylated by gramine (procedure
C, 679, yield).\7

1-Methylgramine (XXI) can be used as an alkylating agent for
malonic ester derivatives (procedure C), although yields are low (9-15%,);
again the ester acts as a quaternizing agent in these reactions, since
tertiary amines containing the alkyl group of the ester are formed.3®
Added base seems to decrease the rate of the reaction without appreci-
ably reducing the yields. Higher yields are obtained by use of the
methiodide of 1-methylgramine and the sodio derivative of the malonic
ester; best yields are obtained with cyanomalonic ester (519%) and
tricarbethoxymethane.!” In these last two reactions water may be used
as a solvent since the active methylene compounds are more acidic than
water.
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The sodium enolate of malonic ester has been alkylated with 4-cyano-

sramine (XXXV) in 657 vield by method B.*
-— CH,N(CH CH,
_‘\ 2 N(C 3)2 N e 0
0~ | °N
H én ™y
XXXV |

XXXVI

2-Dimethylaminomethylpyrrole can be used in alkylations of dimethyl
malonate.®4¢  Only method B gave acceptable yields of the simple
monoalkylation product with diethyl malonate. With cyanoacetic
ester, the dialkylation product was formed in 30% yield. Use of method
C with malonic ester gave a 4% vield of a product thought to have
structure XXXVI.

92-Acetamido-4-methyl-5-dimethylaminomethylthiazole (XXXVII, R
= (CH,) hydrochloride alkylated sodiomalonic ester in 489, yield when
an ethanol solution of the two salts was treated with dimethyl sulfate.*

RC=—=—==CCH,;N(CH3),
l

l
N s

N S
[
NHCOCH;
XXXVII

Chief interest in the alkylation of malonic ester derivatives with
Mannich bases has been in the preparation of tryptophan (XXXVIID),
analogs of tryptophan, and pyrrole (XXXIX) and thiazole (XL.) analogs
of phenylalanine by use of derivatives of aminomalonic or nitroacetic
esters (p. 111).

Gramine (VI1a) methiodide reacts with {he sodium enolate of diethyl
acetamidomalonate (XLI) in dioxane or ethanol forming diethyl skatyl-
acetamidomalonate (XLIV) which can be hydrolyzed to (4, —)-trypto-
phan.® The sodium enolate of diethyl phthalimidomalonate (XLII) can
also be alkylated with gramine methiodide.*® Gramine ethiodide reacts
similarly with the sodium enolate of diethyl acetamidomalonate (XLI)

i Uhle, J. Am. Chem. Soc., T1, 761 (1949).

43 Herz, Dittmer, and Cristol, J. 4m. Chem. Soc., 70, 504 (1948).

48 Leonard and Burk, J. Am. Chem. Soc., T2, 2543 (1950).

“ Albertson, J. Am. Chem. Soc., T0, 669 (1948).

% Snyder and Smith, J. Am. Chem. Soc., 66, 350 (1944).
4 Snyder and Smith, U. 8. pat. 2,447,545 [C. 4., 43, 2643 (1949)].
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or diethyl benzamidomalonate (XLIIT.47 The methiodide of J-methyl-
gramine (NXI) reacts with the sodium salt of acetamicdocyanoacetic
ester (XLV); the product, obtained in 69% vield, can he hydrolyzed to
1-methyltryptophan (XLVT).#%

RCH,CH(NH)CO.H R,
XXXVIII R = D
.
N
H R2

— XLI  Ri= H, Ry = CH,CO
XXXIX R =l J

CO—
N XLII RiRs -
H co—

NCH(CO0.CoHs),

?H_—__("I~ XLITI Ry = H, Rs = C4H5CO
XL R = "\ N
N/
i
NHCOCH;
Ejrg}cﬂgcmozcgﬁs)2 ~MICH2?HCOEH
| J
W .
N NHCOCH; N NH.
H CH;
XLIV XLVI
CH;CONH?HCO;Csz ch/ I ’ﬁCH2N(CZH5>2
CN AN J
N
H
XLV XLVII

Better yields of alkylation product are claimed when the quaternary
salt is formed in situ (method B) by addition of two equivalents of ethyl
iodide or dimethyl sulfate to a cooled mixture of the Mannich base with
the sodio derivative of an amidomalonic ester in absolute ethanol.4
Thus, with gramine (V1la) and ethyl acetamidocyanoacetate (XLV) or
diethyl acetamidomalonate (XLI) yields of 989 and 959, have been
reported.i® 425 Yields of 79-93%, have been reported in alkylations of
diethyl acetamidomalonate by this method with 2-, 4-, 5-, 6-, and
7-methylgramine. Ethyl acetamidocyanoacetate (XLV) was alkyvlated

" Albertson, Archer, and Suter, J. Am. Chem. Soc., 66, 500 (1944).

% Snyder and Eliel, J. Am. Chem, Soc., T0, 3855 (1948).

# Albertson and Tullar, J. Am. Chem. Soc., 87, 502 (1945).

% Albertson, Archer, and Suter, U, §. pats. 2,451,310 and 2,468,912 [C. A., 43, 1442,
5806 (1949)).

8 Rydon, J. Chem. Soc., 1948, 705; Rydon and Siddapa, ibid., 1951, 2462; Kornfeld,
J. Org. Chem., 16, 806 (1951); Hamlin and Fischer, J. Am. Chem. Soc., 73, 5007 (1951).
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by 3-diethylaminomethyl-5-methylindole (XLVIL) in 870 vield by this
method.

Yields of 90-94¢, were reported in alkylations by pyrrole Mannich
hases of ethyl acetamidocyanoacetate (XLV) and diethyl acetamido-
malonate (XL1), but a low yield was obtained with diethyl phthalimido-
malonate (XLII).# Reaction of two moles of diethyl acetamidomalonate
(XLI) with 2,5-bis(dimethylaminomethyl)pyrrole (XLVIII) occurs
quantitatively by this method.*

(CH:&)QNHZCL /”CHgN(CHa)g + 2CH3CONHCH(COzCQHa)2 —

N XLI
H
XLVIIIL l—
(1‘15(,‘202(‘)2(\‘H2CL JCHZ(‘(CU-‘:CQHQQ
N
CH;CONH H NHCOCH;

2-Acetamido-5-dimethylaminomethylthiazole (XXXVIL, R = H) and
the 4-methyl homolog (XXXVII, R = CHj) have been used in alkyl-
ations of diethyl acetamidomalonate (XLI) in the -presence of dimethyl
sulfate.# Of interest in this case is the use of the Mannich base hydro-
chloride, together with a molar excess of sodium ethoxide (to neutralize
the hydrogen chloride).

Method C gives good yields in alkylations of aminomalonic ester
derivatives with indole Mannich bases. Diethyl skatylacetamidomal-
onate (XLIV) is obtained in 90% yield when gramine (VIIa) and diethyl
acetamidomalonate (XLI) are heated in xylene with powdered sodium
hydroxide.®* Lower yields are obtained in pyridine, in the absence of a
solvent, or in the absence of a catalyst. Good to moderate yields are
obtained when gramine (VIla) is replaced by 3-diethylaminomethyl-
indole (VII, R = CyHjs) (85% yield) or 3-piperidinomethylindole
(649,). Diethyl phthalimidomalonate (XLII) is alkylated to only a
slight extent (109;) under the best of these conditions, but diethyl
formamidomalonate gives the alkylation product in excellent yield
(087,).5+ Satisfactory yields of alkylation products have been obtained
by this method in alkylations of diethyl acetamidomalonate (XLI) and
ethyl acetamidocyanoacetate (XLV) with 5-bromogramine,® 6-methyl-
gramine,” and 3-diethylaminomethyl-2-carbethoxyindole (XL1X).%s

8 Jackman and Archer, J. Am. Chem. Soc., 68, 2105 (1946).

520 Hellmann, Z. physiol. Chem., 284, 163 (1949); Vejd&lek, Chem. Listy, 44, 73 (1950}
[C. A., 46, 8004 (1951)].

8 Snyder, Parmerter, and Katz, J. Am. Chem. Soc., 70, 222 (1948).

s Qnyder and Pilgrim, J. Am. Chem. Soc., 70, 3787 (1948).

% Hegedits, Hels. Chim. Acla, 39, 1499 (1946); Swiss pat. 245957 (C. 4., 43, 6238
(1949)).
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With 1-methylgramine (XXI), excess diethyl acetamidomalonate (XLD,
and sodium, a total yield of only 12.3%, of alkylation products is oh-
tained.'

2-Dimethylaminomethylpyrrole reacts with diethyl acetamidomalo-
nate (XLI) in toluene or xylene in the presence of sodium hydroxide to
give a 70-80% yield of a product having the structure I..%

‘ CH,N(C,Hy), [IJ—(,:H2
N CO,C,H, O;c——clcogch5
H NHCOCH,

XLIX L

Diethyl malonate reacts slowly with Mannich bases of acetone 56
(XXIV) and cyclohexanone 7 at room temperature in ethanol containing
small amounts of sodium ethoxide to form the normal simple alkylation
produets in yields of 439, and 869, respectively. A rather low yield
(16%) of ethyl 2-carbethoxy-5-ketohexanoate (LI) was obtained by re-
action of diethyl sodiomalonate with the methiodide of 1-morpholino-
3-butanone (LII).%® Powdered sodium hydroxide in xylene, as used in
gramine alkylations (method C, p. 100), served as catalyst in an alkyla-
tion of diethyl malonate with a Mannich base of 2-phenyleyclohexanone
(509, yield).ss

7\
CH3COCH,CH.CH(CO.CuHy);  CH;COCH,CH.N 0
1
LI LII

Reactions of ketonic Mannich bases with derivatives of amino-
malonic ester or tricarbethoxymethane have not been reported. How-
ever, the following intramolecular reaction with a derivative of acet-
amidomalonic ester has led to a cyclopropane derivative.

(CHy)sNCHCH;C(COaColly), CH,  CO.C,.H,
| - /N / (3370)
OH~  NHCOCH, CHy—-C—NHCOCH,

Methyl and ethyl cyanoacetate have been alkylated with the Mannich
bases of I-nitropropane, but the yields are not high (16-239) 21a

¥ Mannich and Fourneau, Ber., 71, 2090 (1938).
% Mannich and Koch, Ber., 75, 803 (1942).
(1958 Harradence and Lions, J. Proc. Roy. Soc. N. S. Wales, 72, 233 (1939) [C. A, 33,5855
39)].
%@ Bachmann and Wick, J. Am. Chem. Soc., 72, 3388 (1950),
b Rinderknecht and Niemaun, J. Am. Chem. Soc., 73, 4259 (1951).
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An Alkylation of Indole

Indole reacts with diethyl piperidinomethylformamidomalonate to
pive diethyl skatylformamidomalonate * which is readily hydrolyzed to
tryptophan in one step.®* The alkylation proceeds best in xylene

©—JJ +¢ NCHZC\J(CO‘zCsz)z —
~

N NHCHO
H

Qjcm(l:(cogcms)z N < >NH
. NHCHO

N
H

solution with a sodium hydroxide catalyst (76%); lower yields are
obtained in other aromatic hydrocarbon solvents. In the absence of the
basic catalyst, 3-piperidinomethylindole (VII, Ra = pentamethylene)
is the principal or exclusive product. Other alkylations with Mannich
bases of formamidomalonic ester have been reported.®=® Indole has
also been alkylated with diethylaminoacetonitrile.®

Amine Replacement Reactions of Quaternary Salts with
Organometallic Compounds

Only a few reactions of Grignard and organolithium reagents with
quaternary ammonium salts resulting in displacement of the ammonium
nitrogen by the alkyl group of the organometallic reagent are on record.
The reaction apparently has not been studied extensively. 9-Fluoryl-
lithium reacts with tetramethylammonium chloride to yield 9-methyl-
fluorene in unspecified yield.® Phenyllithium reacts in a different
fashion.®® From the reaction of phenyllithium with benzyltrimethyl-
ammonium bromide, no diphenylmethane was isolated; the latter was
apparently metallated as formed and further alkylated by the quater-
nary salt to 1,1,2-triphenylethane. a-Phenylethyldimethylamine was

% Butenandt, Hellmann, and Renz, Z. physiol. Chem., 284, 175 (1949); C. Y. Meyers,
doctoral thesis, University of Illinois, Urbana, Ill,, 1951.

% Hellmann and Brendle, Z. physiol. Chem., 287, 235 (1951).

% eallmann and Renz, Chem. Ber., 84, 901 (1951).

¢ N. J. Murphy, bachelor’s thesis, University of Notre Dame, Notre Dame, Ind., 1952,

50 Wittig and co-workers, Ann., 556, 133 (1944); 857, 193 (1947). For a review see:
Wittig, Angew. Chem., 63, 15 (1951).
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also obtained.™  The methiodide of 1-methylgramine (XXI) reacts
with methylmagnesium iodide and with phenylmagnesium bromide in
refluxing dibutyl ether to yield l-methyl-3-ethylindole (LI1I) and

+
CsHE,Li + CeH,r]CHgN(CHa)g Bl‘- — LiBI‘ + N(CHa)s + CEH5C[{2C6H5
CeH50H2C5H5 + CeHg,Li — CeHe + CeHsCHLiCeHs

+
CGH.r,CHLiCeHs + CsHsCHzN(CH3)3 Br— —
LIBI‘ + N(CHa)s + CeHscHch(CeHa)z

1-methyl-3-benzylindole (LIV).%2 The methiodide of gramine (VIIa)
similarly yields 3-ethylindole (LV), 3-benzylindole (LVI), and 3-phen-
ethylindole (LVII), although in poor yield; a by-product with the compo-
sition and properties of sym-3,3-diindolylethane (LVIII) is presumably
formed by a coupling reaction (equation on p. 133). 3-Benzylindole was
obtained in only 3%, yield when the tertiary amine gramine was treated
with phenylmagnesium bromide. Attempts to extend the reaction with
organometallic reagents to a number of other Mannich bases and
quaternary salts were unsuccessful.®® N ,N’-Benzaldipiperidine (LIX,

iigl)lm

LIII R1 = CH;, Rz = CZHS

LIV R; = CHj; Ry = CsH;CH,
LV Ri=H, Ry = C:Hj

LVI Ri = H, Ry = CsH;CH;

LVII Ry = H, Ry = CeHsCH:CH,

@CHQCHQEN—/Q
H H

LVIII

R = H) and N,N"-benzaldi-y-pipecoline (LIX, R = CHj) react with
benzylmagnesium chloride to give 1-piperidino-1,2-diphenylethane
(LX, R = H) and 1-(y-pipecolino)-1,2-diphenylethane (LX, R = CH;)
in 18 and 149 yield, respectively.®

¢ Wittig, Mangold, and Felletschin, Ann., 560, 116 (1948).

¥ Snyder, Eliel, and Carnshan, J. Am. Chem. Soc., T3, 970 (1951).
% Goodson and Christopher, J. Am. Chem. Soc., T2, 358 (1950).
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/
Cﬁ}is()l{ + CﬁH.r,CHzl\IgC1 —>
N

N R
/
CeHsCH + R NMgCl
AN

CH,CsH
LX

MECHANISM OF THE REACTION

The path by which alkylations with tertiary amines and quaternary
ammonium salts proceed has not yet been definitely established, and
any statements concerning the mechanism of the reaction are therefore
speculative.

Alkylations with Tertiary Amines

The mechanism that has most frequently been proposed for alkylations
with tertiary amines involves the elimination of a secondary amine,
resulting in the formation of an unsaturated compound which undergoes
addition of the species to be alkylated.

ACH.,CH;NR, — NHR, + ACH=CH,
ACH-=CH, + CHRR'R"" — ACH,CH,CRR'R"

A scheme of this type was first proposed for alkylations with phenolic
Mannich bases by von Auwers.*% The hypothetical intermediate is
a methylenequinone whose formation involves 1,4- or 1,6-elimination.

OH

0
| OH
— e Rid ° ’ rt
©CH2NR2 L HNR, 4 OCHg CHRR'R ©CH_CRRR

8 v, Auwers, Ber., 36, 1878 (1903).

& v. Auwers, Ann., 344, 131 (1906).

& v, Auwers and Bullmann, Ber., 69, 2719 (1926).

67 Snyder and Brewster, J. Am. Chem. Soc., T0, 4230 (1948).
& Dalgliesh, J. Am. Chem. Soc., 71, 1697 (1949).
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O

OH ! OH
= . CHRRR” (Z
| — HXR., + — \
x AN
CH,NR, I CH,CRR'R”
CH,

A similar scheme has been proposed ° for alkylations with gramine
(Vila).

@—CHZMCHQZ

J -
~

N

H
Vila

. = ———(H, HCN Z —CH.CN
HN(CHs)s + | ) B | J
N F x
N N
H

1,2-Elimination may be the first step in alkylations with ketonic
Mannich bases.?

—0
—
CH:N(CHj)2

HN(CHas 4+ —0 CH3CO0CH:CO,CoH ;5 —0
N —_—
e —CH, Base CH,CHCO,CyHs

COCHj;

For the ketonic Mannich bases, the elimination-addition mechanism
is supported by the facts that these compounds will yield «,8-unsaturated
ketones by elimination of secondary amines %707 gnd that o8-
unsaturated ketones will add active methylene compounds (Michael
reaction).

The elimination of the secondary amine may be either an acid-
catalyzed E, (mechanism A) or a base-catalyzed E; (mechanism B)
reaction.” In the simple elimination reactions of ketonic Mannich

® Mannich and co-workers, Ber., 53, 1874 (1920); 65, 356, 3510 (1922); 57, 1116 (1924);
T4, 554 (1941).

 Mannich and Hénig, Arch. Pharm., 266, 598 (1927),

! Harradence and Lions, J. Proc. Roy. Soc. N. S. Wales, 12, 284 (1939) [C. A., 33, 6825
(1939)).

™ Remick, Electronic Interpretations of Organic Chemistry, 2nd ed., p. 424, John Wiley
& Sons, 1949.
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(A) ACH.CH,NR:, + Ht — ACH.CII,NR,H" —
NHR, + ACH.CH,* — ACIH-=:CII, + 1T+

(B) ACIH.CH,NRy + B! — AE‘H(‘HBNRZ + BH*

ACHCH,NR» — ACH—CH, + NR,~
NR,~ + BH* — NHR; + B:

bases, both acid catalysis %7 and base catalysis %™ have been observed.
It is also possible that reaction occurs between two molecules of the
Mannich base, one acting as an acid and the other as a base. Still
another possibility with ketonic and ortho-substituted phenolic Mannich
bases is an tniramolecular elimination involving a chelate intermediate.

0
SN
A CﬁNRz RN CHZ NRZ

2

Only the enolic form of a ketonic Mannich base is capable of chelation.

CH
7\
RC CH,

| | — R—(C=CH
0 NR, |

N o 0
H

CH:;* & R—(C—CH—CH, + NHR;

An attempt to obtain spectral evidence for the existence of this type of
intermediate has, however, failed.™

The Michael addition of an active methylene compound to an acti-
vated unsaturated species is known to be base catalyzed. The over-all
alkylation reaction would therefore be expected to be either base or
acid-base catalyzed, and this is actually found to be so. Since one of the
reactants is itself quite basic, the addition of an extrinsic basic catalyst
is sometimes unnecessary or even undesirable.!”1%2° In the alkylation
of dibenzoylmethane by I-morpholinomethyl-2-naphthol (XXVII), the
reaction is known to be catalyzed by added hydrochloric acid.®

The facts that benzyldimethylamine and l-methylgramine (XXI)
will alkylate methyl cyanoacetate and tricarbethoxymethane and that
I-methylgramine will alkylate diethyl acetamidomalonate (XLI),!"3°
although these amines are structurally incapable of reacting by an

3 Bruylants, Bull. soc. chim. Belg., 32, 256 (1923).
7 Brewster, unpublished observations.
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elimination-addition mechanism, have been satisfactorily explained by
demonstrating that alkylation is preceded by quaternization ** (p. 118).
However, I-methylgramine (XXI) also alkylates secondary amines 7
and I-methylindole,’” and these reactions (like the reaction of 2-di-
methylaminomethyl-2-nitropropane with piperidine %) cannot be ex-
plained as alkylations with quaternary salts; they will take place only
in the presence of acids ™ and might therefore proceed by a path resem-
bling that of mechanism A above (p. 128). It should be noted that one
of the intermediates in this mechanism is a carbonium ion and that the
loss of a proton from this ion to form the unsaturated compound is not
essential, since the carbonium ion itself could be the alkylating agent,

. CH.N R 7 J
HCHZ:\ (CH3)_ + o+ — \ JCHzl\H(CH3)2+ .
~ NN

N N
CH; CH,
—(CH, t+
NH(CHj), + @\ HCHZ
~
N
CH;
- + — Q1
@ JCH2 . CRRRY ©rJCHZCRRR
~ ~
N N
CH, CH,

One would expect the carbonium ion postulated in this mechanism to
be stabilized by resonance.

CH," CH
™ - g
N N~

CH,

CH,

Other types of Mannich bases may react by the same path.

Another possible path for the alkylation reactions with I-methyl-
gramine hydrochloride, the hydrochloride of 2-dimethylaminomethyl-
Z-nitropropane (p. 139) and the Mannich base of diethyl formamido-
malonate (p. 124), none of which can react by elimination-addition, is a
complete reversal of the Mannich reaction, 5 ¢% 7577 followed by re-

" Snyder and Eliel, J. Am. Chem. Soc., 70, 4233 (1948).

7f Mannich and Kather, Arch. Pharm., 257, 18 (1919).
" Kermack and Muir, J. Chem. Soc., 1931, 3089.
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combination of the fragments. This may also be the path of alkylations
with diethylaminoacetonitrile.’¢

©\ JC NE 0 15 NH<CH3“+CH30+© J
N Y
CH, CHs
CU oo 25 @m .o
1, H, CH3
©: CH» \( Hln
J + H.0
CHa

@\ J + CH20 + CsHpXN
As a further possibility, alkylation reactions with tertiary amines may

3
involve a nucleophilic displacement. Such a path seems less likely in

RCHzN(CH3>2+ + B — RCHzB + NH(CH;;)Z
H

view of the fact that the base would be expected to abstract a proton
from the ammonium salt rather than displace a dimethylamine molecule.

Alkylations with Quaternary Salts

1t has been proposed that alkylations with quaternary salts of ketonic
Mannich bases proceed by the same elimination-addition mechanism as
alkylations with the Mannich bases themselves. The elimination step
might be of the E; type (loss of a tertiary amine followed by loss of a
proton) or of the E, type (abstraction of a proton followed by loss of a
tertiary amine). p-Dimethylaminopivalophenone (XV), a ketonic
Mannich base that is structurally incapable of undergoing amine elimi-
nation, will not act as an alkylating agent.!! On the other hand there
are numerous quaternary ammonium salts that act as alkylating agents
although they show no tendency to undergo amine elimination, viz.,
quaternary salts of benzyldialkylamines,*® "3 substituted benzyldialkyl-
amines,>% and 1-methylgramine (XX1I).2!"4% Tt therefore appears that
elimination-addition is not the only path by which alkylation reactions
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with quaternary bases may proceed, the alternative being direct substi-
tution. 1t might be noted that 8-dimethylaminopivalophenone (XV) is
an amine of the neopentyl type and would therefore not be expected to
undergo bimolecular substitution reactions readily.

The question whether the substitution is of the Sy1 or Sy2 type 7®
has not been answered definitely for carbon-carbon alkylations. It has
been found that the pyrolysis of (+ )-a-phenylethyltrimethylammonium
acetate to a-phenylethyl acetate proceeds with complete or almost com-
plete inversion,? but in carbon alkylations with the active quaternary
iodide, VI, both the product and recovered starting material were race-
mized.? Thus, although the reaction of the quaternary acetate is of the
Sny2 type, no conclusions can be arrived at with regard to the mechanism
of the carbon alkylation since racemization may have been due to ab-
straction of a proton from the a-carbon by the basic catalyst with con-
comitant loss of asymmetry. Dipolar ions of the type represented
by LXI and known as “alkylides” have been observed in other in-

CGH5(|3HN(CH3)3+ + B: — CeHCN(CHyps" + B:H

CH3 CHS
LXI

stances; 3% g gimilar ion is probably responsible for the racemization
of optically active nicotine dimethiodide (LXII) by aqueous base at
100°.81.79

~ +
N
~~ Cf, CH, 2I
LXII

Allylic rearrangements have been observed in alkylations of sodium
cyanide with the methiodide of 1-methylgramine (IX) ¢ (p. 107) and
furfuryltrimethylammonium iodide ' (p. 107). It is of interest that the
ratio of rearranged to normal product in the latter reaction is much
smaller than in the alkylation of sodium cyanide with furfuryl chlo-
ride.®®®  Whereas it formerly was thought that allylic rearrangements
were indicative of carbonium-ion intermediates, it is now recognized
that they may occur even in reactions that are subject to second-order

8 See ref. 72, p. 74.

™ Spith and Bobenberger, Ber., 17, 362 (1944).

8 Runde, Scott, and Johnson, J. Am. Chem. Soc., 52, 1284 (1930).
8 Reichstein, Ber., 63, 749 (1930).
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kinetics.® Therefore the occurrence of such rearrangements in alkyl-
ations with quaternary ammonium salts is not necessarily indicative of
an Sy1 (carbonium ion) mechanism.

Further experimentation is needed for definite elucidation of the
exact mechanism by which these reactions proceed.

RELATED REACTIONS

It seems desirable, for the sake of completeness, to deseribe briefly the
more important reactions of carbon, nitrogen, oxygen, sulfur, and
halogen alkylation by amine replacement, which for various reasons
have not been considered in detail in the preceding sections and are
omitted from the tables. The following résumé does not pretend to be
complete, and only leading references are listed.

Carbon-Carbon Alkylations

The carbon-carbon alkylation reactions of labile amino compounds
that were not reviewed in detail fall into the following five categories:
(a) those in which intermolecular “self-alkylation” occurs; (b) those in
which intramolecular “self-alkylation” or rearrangement occurs; (c)
those in which the carbon-nitrogen bond broken is one of the bonds of a
heteroaromatic system; (d) those in which the carbon-nitrogen bond
broken is found in a diaminomethane; (¢) those in which the new
carbon-carbon bond formed is part of an ethylenic double bond.
Examples of each of the more important types of these reactions are
given below.

Intermolecular Self-Alkylations. Self-Alkylation of Phenolic and
Indole Mannich Bases. Auwers and his co-workers !4 #.8.8°35 found that
o- and p-hydroxybenzylamines (many of which cannot be made by the
Mannich reaction) readily form diarylmethanes by the loss of formal-
dehyde and two moles of amine in weakly alkaline solution, according
to the equation on p. 109. This reaction is prominent in attempts to use
phenolic Mannich bases as alkylating agents.'»!* A similar reaction
occurs when l-methylgramine (XXI) is used in alkylations of malonic
ester derivatives or when the hydrochloride or methiodide of 1-methyl-
gramine is heated in dilute aqueous alkali.'” The Mannich bases ob-

8 Kepner, Winstein, and Young, J. Am. Chem. Soc., 71, 115 (1949).

8 v. Auwers and Senter, Ber., 29, 1120 (1896).

8 v, Auwers and co-workers, Ber., 28, 2010 (1895); 29, 1110 (1896).

8 v. Auwers and co-workers, Ann., 344, 141, 171, 194, 227, 257 (1906).
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tained by condensing indoles, benzaldehyde, and aromatic amines un-
dergo similar reactions when heated with dilute hydrochloric acid.*s 57 %3

Self-Alkylation of 9-Fluoryltrimethylammonium Hydrozide. Trimethyl-
fluorylammonium hydroxide forms, among other produects, dibiphenyl-
eneethylene when heated.®® The hydrogen atom at the 9 position of the
fluorene residue is activated by two aromatic residues and a quaternary
ammonium grouping; this hydrogen atom is probably replaced in an
alkylation process. The primary product formed by such a reaction is a
quaternary ammonium hydroxide, which would be expected to undergo
a particularly easy amine elimination. (See ref. 91a for a similar re-
action.)

— -

\ on cow ¢ \

N(CHa)3 N(CHj),

+ 2N(CHy); + 2H,0

e
gag

Coupling of Quaternary Ammonium Salts. When quaternary salts
of gramine ® (VIIa) or benzhydryldimethylamine ® are treated with
organometallic reagents, one of the reactions that occurs is coupling of
the reactive alkyl residues of the amines.

+
2RN(CHy); X~ + 2R'M — R—R + R'—R’ + 2N(CHy); -+ 2MX
R = benzhydryl or skatyl

This reaction resembles the coupling of benzyl halides by Grignard
reagents.

% Passerini and Bonciani, Gazz. chim. ital., 63, 138 (1933).
¥ Passerini and Albani, Gazz. chim. ital., 65, 933 (1935).

® Neri, Gazz. chim. ital., 64, 420 (1934).

# Ingold and Jessop, J. Chem. Soc., 1929, 2357, 1930, 713.
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Reductive Coupling of Ethanolamines. This rather specific reaction was
discovered by Wittig and co-workers.®

2(CeHs):COHCH,N(CHa)2 + 6K —
(CsHs)2:CHCHCH,CH(CsHs)2 + 2K,0 + 2KN(CH3),

Intramolecular Self-Alkylations. The Stevens Rearrangement. 5. 6% 896-51

+
CsHaCOCHgN(CHa)QCHzCBHs + KOH —
- N(CHz).

CsHsCOCHCH,CsH; + KI 4+ H,0
The Sommelet Rearrangement 591 92

+
CsH;CHN(CHj); X~ CsHsCH:

CH,;N(CH
R 2 N( 3)2+HX

The Hofmann-Martius Rearrangement.% % %

CH3
—N—CHal— CH;3;NCH;- HI CH;NCH;-HI

@ @ @cm

Some quaternary salts of phenolic Mannich bases, in which the amino
group is present in an aniline derivative, rearrange readily in alkaline
solution to form substituted benzylanilines.s % 96.97

8% Stevens and co-workers, J. Chem. Soc., 1928, 3193; 1930, 2107, 2119, 1932, 55, 1926,
1932; 1934, 279.

% Campbell, Houston, and Kenyon, J. Chem. Soc., 1947, 93. Bock, Smith, and Auten,
Atlantic City Meeting of the American Chemical Society, 1949, Abstracts, p. 70M.

%1 Dahn and Solms, Helv. Chim. Acta, 34, 907 (1951) ; Brewster and Kline, J. Am. Chem.
Soc., 74, 5179 (1952).

%a Kantor and Hauser, J. Am. Chem. Soc., 73, 4122 (1951).

92 Sommelet, Compt. rend., 205, 56 (1937).

8 Hickinbottom and Ryder, J. Chem. Soc., 1931, 1281.

% Hey, J. Chem. Soc., 1931, 1581.

% Wittig and Merkle, Ber., 76, 109 (1943).

% Zincke and Hunke, Ann., 349, 83 (1906); v. Auwers, Ann., 334, 264 (1904).

9 Corley and Blout, J. Am. Chem. Soc., 69, 761 (1947).



CARBON ALKYTLATIONS WITH AMINES 135

Br CH, }CHs Br CH;
+
o Sy ol S
H;C Br (‘3H3 H;C Br
Br—
The Ladenburg Rearrangement 9 %9
CH,
I AN AN
| + | + CH + ’ +
A
: B H I

The Rearrangement of Diacylanilines.'*

{_:_>N(cocm>2 % cr13(30<;>1\11{(30(m3

Reactions in Which the Carbon-Nitrogen Bond Broken Is One of the
Bonds of a Heteroaromatic System. The Reissert Reaction.'o!1%

N N H
/j+ RCOCI + KCN — O/j/ + Kl
& N\

N I\\ICN

COR

The products of this reaction (so-called Reissert compounds) are
usually employed in the synthesis of aldehydes.

X H AN
I oo = L0 g+ vt o
N e

IT ON N

COR

% Ladenburg, Ber., 16, 1410, 2057 (1883); Ann., 247, 1 (1888).

% Crook, J. Am. Chem. Soc., 70, 416 (1948).

1% Chapman, J. Chem. Soc., 127, 2818 (1925).

1! Reissert, Ber., 38, 1603 (1905); Sugasawa and Tsuda, J. Pharm. Soc., Japan, 56, 103
(1936) [C. A., 32, 5836 (1938)]; Grosheintz and Fischer, J. Am. Chem. Soc., 63, 2021
(1941); Woodward, ibid., 62, 1626 (1940); McEwen and Hazlett, tbid., T1, 1949 (1949).

12 Manske, Chem. Revs., 30, 113, 145 (1942),



136 ORGANIC REACTIONS

102a

The Reissert compounds may also be alkylated by Mannich bases.

/\  CHLN(CHg):
on T J -

- NCOR -

VN N

H XN H

The Reaction of Alkali Cyanides with Alkylpyridinium Salts.0% 103

H. _CN
X
+ NaCN —> ] + NaX
N2
N X~ N
R

R

The Reaction of Nitro Compounds with Alkylpyridinium Salts.!*

AN
2 ©/\+CH [+ RCHNO, + 2KOH —
\/A 3

&
@\/NCH3
i

RCNO, + 2KI + 2H:0
|

©/\NCH3
=

102 Boekelheide and Ainsworth, J. Am. Chem. Soc., T2, 2134 (1950).

100 Kgufmann, Ber., 51, 116 (1918); Leonard and Foster, J. Am. Chem. Soc., T4, 2110,
3671 (1952).

104 Leonard and Leubner, J. Am. Chem. Soc., T1, 3405 (1949); Leonard, Leubner, and
Burk, J. Org. Chem., 18, 979 (1950); Leonard, DeWalt, and Leubner, J. Am. Chem. Soc.,
73, 3325 (1951).
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The Reaction of Pyridines and Pyridiniwm Salts with Organometallie
Compounds 1o

X <
| + R'M — | H 4+ MX
+ = _ <_
X it
R

N
R
Reactions in Which the Carbon-Nitrogen Bond Broken Is Located in
a Diaminomethane,?* % 107,108

OH

) \
' C;H,NCH,NC;H,, CH,NCsHy,
OH

+ NHCH,,

This is a modification of the customary form of the Mannich reaction.!

Reactions in Which the New Carbon-Carbon Bond Is Part of an
Ethylenic Double Bond (Amine Elimination Reactions). The Hofmann
“Exhaustive Methylation’ Reaction.

+
? NR’; OH~
|
R—C—C—R  — R—C=C—R + NR’; + H.0
|

| \
R R R R

No adequate summary of the vast amount of data on this reaction is
available at this time.
Amine Eliminalion Reactions of B-Amino Carbonyl and Nitro Com-
pounds.(ﬁ, 70, 71,109, 110
H NR'
RCOC‘/‘-—(‘}R — RCOC=C—R + HNR';

] |
R R R R

H XNR,

L
0:N—C—C—R — 0;N—C=C—R + HNR,

R R R R

' Bergstrom, Chem. Revs., 35, 77 (1944).

18 Gilman and co-workers, J. Am. Chem. Soc., 69, 877 (1947); 70, 2809, 3316 (194%);
78, 774 (1951). Also Evans and Allen, Org. Syntheses, Coll. Vol. 2, 517 (1943).

197 Feldman and Wagner, J. Org. Chem., T, 31 (1942).

198 . Underhill, doctoral thesis, University of Illinois, Urbana, TIl., 1949,

18 Gromwell, Chem. Revs., 38, 83 (1946).

1% Blomquist and Shelley, J. Am. Chem. Soc., 70, 147 (1948).
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Nitrogen Alkylations

Amine Exchange Reactions of Quaternary Salts. When many
quaternary ammonium salts, particularly those containing benzyl,
allyl, or methyl groups, are heated with ammonia or with primary or
secondary amines, an exchange of amino groups takes place.'® 151611 112, 113

R +

|
R'—N—R| + HNR”, — R'NR”; + NR; + H*
|

R

Amine Exchange Reactions of Mannich Bases. Simple amine ex-
change reactions have been observed with Mannich bases of nitro-
alkanes,?* 14 indole * (VII), phenols,'* and ketones,* 1'% as well as with
the benzaldehyde Mannich bases of g-naphthol & (LXIII).

Cng,C‘HN(CHa)g Ce¢H:;CHNCsH
“NOH : X0H
+ C;:H\NH — + NH(CHay):
= Y
LXIII

Quaternary salts of some Mannich bases (e.g., those of indole, VII, and
those of acetophenone, XXV) react readily by amine exchange with
tertiary amines (including Mannich bases) to give new quaternary salts.
This reaction may be important as a side reaction in the quaternization
of Mannich bases by means of such reagents as methyl iodide,® for
example, in the quaternization of gramine.

+
CH.N(CHjy)s ———CHN(CH3)
~
N N

N
H H
VIla
('H;
C‘H+\ll(‘
———CHNCHy— +
+- J ! L @ + N(CHg I~
~. | e
N (Ifli* N
H H

W Qoholtz, Ber., 24, 2402 (1891); 31, 414, 1700 (1898).

12 v Braun and co-workers, Ann., 445, 247 (1925); Ber., 59, 1786, 2330 (1926).
113 Hyltquist and co-workers, J. Am. Chem. Soc., 70, 23 (1948).

114 Dyden, Bock, and Reid, Ber., 38, 2036 (1905).

115 Denton, Schedl, Neier, and Brookfield, J. Am. Chem. Soc., 72, 3792 (1950).
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Compounds that do not permit amine elimination, such as a-dimethyl-
aminomethyl-g-methoxynaphthalene * (IV, R = CHj), g-dimethyl-
aminopivalophenone " (XV), l-methylgramine ™ (XX1), and 2-dimethyl-
aminomethyl-2-nitropropane ?* do not undergo an amine exchange
reaction in the absence of added acid catalyst, such as hydrogen chloride
or boron trifluoride.’

Formation of Pyrazolines from Ketonic Mannich Bases. The phenyl-
hydrazones of ketonic Mannich bases form pyrazolines by internal
amine exchange under conditions similar to those required for phenyl-
hydrazone formation.! 116120

CGII5
N
CeHsNH VRN
| N CH-
N - I | 4 HNR,
I R—C——-CH,

RCCH,CH;NR;

Conversion of Mannich Bases into Aldehydes. In an extension of
the amine exchange reactions of Mannich bases, the base in acetic acid
solution is allowed to react with hexamethylene tetramine.!” The
intermediate quaternary salt decomposes to yield an aldehyde.

RCH:N(CHj3): + (CH2)¢Ny + CH3COH —

NH(CH3)2 + R,CI‘IzN(CH:z)(-',Nra+ + CH;;COz— — RCHO

This process, which resembles the Sommelet reaction 22 for converting
benzyl halides into aromatic aldehydes, has been applied successfully
to the Mannich bases of indole, 2-phenylindole, 2-carbethoxyindole,
phenol, and @-naphthol, but has failed with Mannich bases of aceto-
phenone, pyrrole, and 2-nitro-3-methylthiophene as well as 2-nitropro-
pane. It was successful also with benzylamine and N-methylbenzyl-
amine, but not with N,N-dimethylbenzylamine.

16 Mannich and Bauroth, Ber., 57, 1108 (1924),

17 Nisbet and Gray, J. Chem. Soc., 1933, 839.

"8 Levvy and Nisbet, J. Chem. Soc., 1938, 1053, 1572.

!9 Nisbet, J. Chem. Soc., 1938, 1237, 1568; 1945, 126.

120 Harradence and Lions, J. Proc. Roy. Soc. N. 8. Wales, 73, 14 (1939) [C. A., 33, 8196
(1939)].

2 Snyder, Swaminathan, and Sims, J. Am. Chem. Soc., 74, 5110 (1952).

2 Sommelet, Compt. rend., 1587, 852 (1913) ; Angyal and co-workers, J. Chem. Soc., 1949,
2700, 2704; 1950, 2141,
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Oxygen Alkylations

Formation of Alcohols from Quaternary Ammonium Hydroxides.
Quaternary ammonium hydroxides, when heated strongly, may form
alcohols rather than olefins, particularly when benzyl, allyl, or, in some
cases, methyl groups are present and when no radicals, such as ethyl or
phenethyl, that lead to easy formation of olefins are present.’™*"

+.
R'NR; OH~ — R’OH + NR;

The formation of pseudobases from pyridinium hydroxides is formally
similar to the formation of alcohols from quaternary ammonium hy-
droxides. 128129

Formation of Ethers from Quaternary Ammonium Phenoxides.* %1%
Quaternary ammonium compounds have been used in the formation of
benzyl, methyl, ethyl, and allyl ethers of phenols.

Some of the quaternary ethoxides of p-nitroaniline and p-formylaniline
(p-aminobenzaldehyde) decompose to form alkoxy substituted ben-
zenes. '3

Epoxides are formed in the Hofmann degradation of quaternary salts
of 1-hydroxy-2-amines.!3% 139 140

12 Hofmann, Ann., 78, 253 (1851); 79, 11 (1851); Ber., 14, 494 (1881).

124 Ingold and Vass, J. Chem. Soc., 1928, 3125,

15 von Braun, Teuffert, and Weissbach, Ann., 472, 121 (1929).

126 Hanhart and Ingold, J. Chem. Soc., 1927, 997.

127 yon Braun, Ann., 382, 1 (1911).

128 Decker, Ber., 25, 443 (1892).

128 Hantzsch and Kalb, Ber., 32, 3109 (1899).

130 Hla Baw, Quart. J. Indian Chem. Soc., 3, 101 (1926) [C. A., 20, 3695 (1926)].

131 Henley and Turner, J. Chem. Soc., 1931, 1172.

132 (Griess, Ber., 13, 246 (1880).

133 Boehringer, Ger. pat. 247,180 [Frdl., 10, 1215 (1912)].

13 Rodionow, Bull. soc. chim. France, {4] 39, 305 (1926).

1% Rodionow, Bull. soc. chim. France, (4] 45, 109 (1929).

1% Tarbell and Vaughan, J. Am. Chem. Soc., 65, 231 (1943).

1% Kyrsanow, Setkina, and Rodionow, Bull. acad. sci. U.R.8.8., Classe sci. chim., 1948,
228 [C. A.. 42, 4922 (1948)]; Kursanow and Setkina, Doklady Akad. Nauk S.8.8.R., 65,
847 (1949) (C. 4., 43, 6622¢ (1949)]; Setkina and Kursanow, zvest. Akad. Nauk S.8.8.R.,
Otdel. Khim. Nauk, 1949, 311 {C. 4., 44, 159 (1950)}; ¢bid., 1951, 81 {C. A., 46, 458
(1952)}; Setkina, Izrest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk. 1950, 216 [C. A., 44,
9337e (1950)1.

7 Zalki and Fahim, J. Chem. Soc., 1942, 270; Zaki and Tadros, J. Chem. Soc., 1941, 350.

138 von Braun and Schirmacher, Ber., 56, 1845 (1923).

13 yon Braun, Ber., 56, 2178 (1923).

U0 yon Braun and Miinch, Ber., 59, 1941 (1926); Curtin, Harris, and Pollak, J. Am.
Chem. Soc., 13, 3453 (1951).
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Formation of Esters from Quaternary Ammonium Salts of Carboxylic
Acids. Benzyl* and methyl ! and ethyl "= esters of carboxvlie acils
have been prepared by heating the acids with quaternary amimonium
hydroxides containing the appropriate radicals as the most readily re-
placed substituents on the nitrogen atom. Benzyl esters may also be
obtained by heating methyl esters with benzyldimethylamine.'*

Benzyldimethylamine reacts with acetic anhydride or benzoyl
chloride to give benzyl acetate and benzoate respectively."® Phenolic
Mannich bases similarly form acetyl derivatives of the corresponding
methylolphenols.“' 15a, 144, 145, 145a

OH

CH,N(CH
:N(CHa)e + 2(CH,C0),0 —

OCOCH;

CH,0COCH
: 4 CH,CON(CHy); + CH;CO,H

Sulfur Alkylations

Quaternary ammonium salts containing such anions as sulfide,
hydrosulfide, mercaptide,54%147 thiosulfate, thiocyanate, bisulfite, sul-
fite,**" and p-toluenesulfinate * decompose when heated to form alkyl
derivatives of these anions containing carbon-sulfur bonds. Alkyl
groups that can take part easily in these reactions are allyl,¥” benzyl 5
and methyl,**® in order of decreasing activity.

The ready cleavage of thiamin by bisulfite ion indicated the presence of
a reactive benzyl type of quaternary ammonium group in the molecule.!48

Among tertiary amines, gramine (VIIa) has been used in the alkylation
of sodium bisulfite."8s  The Mannich bases of phenol will alkylate
mercaptans.'8®  An extensive study of sulfur alkylations has heen re-
ported.21®

" Lawson and Collie, J. Chem. Soc., 53, 624 (1888); Prelog and Piantanida, Z. physiol.
Chem., 244, 56 (1936); Fuson, Corse, and Horning, J. Am. Chem. Soc., 61, 1290 (1939).

e Rupferberg, J. prakt. Chem., [2] 16, 440 (1877).

12 Eliel and Anderson, J. Am. Chem. Soc., T4, 547 (1952).

43 Tiffeneau and Fuhrer, Bull. soc. chim. France, (1) 15, 162 (1914).

" Madinaveitia, Anales soc. espafi. fis. y quim., 19, 259 (1921) [C. A., 16, 1230 (1922)].

¥ Bruson and MacMullen, J. Am. Chem. Soc., 63, 270 (1941).

1% For similar reactions, see Setkina and Kursanow, Izvest. Akad. Nauk S8.8.8.R., Otdel.
Khim. Nauk, 1949, 190 [C. A., 43, 6161h (1949)].

16 Clarke, J. Chem. Soc., 103, 1689 (1913).

4 Snyder and Speck, J. Am. Chem. Soc., 61, 2895 (1939).

'® Williams, Waterman, Keresztesy, and Buchman, J. Am. Chem. Soc., 57, 536 (1935).

1% Wieland, Fischer, and Moewus, Ann., 561, 47 (1948),

186 McCleary and Roberts, U. S. pat. 2,417,118 (C. A, 41, 3819b (1947)).
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Halogen Alkylations

Decomposition of Quaternary Ammonium Halides. Quaternary
ammonium halides decompose when heated to form alkyl halides and
tertiary amines.!” Mixtures of amines and halides are often obtained

R +
l
R'—N—R| X~ — R'X + XRs

\
R

from mixed quaternary halides 4149  Allyl1% benzyl,'s! 1% and methyl 1%
groups are lost as halides more readily than are other alkyl groups or the
phenyl group.’?” Quaternary ammonium halides containing an asym-
metric nitrogen atom racemize readily in solution at room temperature.!®
The von Braun Cyanogen Bromide Reaction. Cyanogen bromide
reacts with a tertiary amine to form a quaternary salt, which readily
decomposes to form an alkyl halide and a dialkyleyanamide.!®® 158

R R ]* R
l |

R'N + BiCN — | R’NCN | Br~ — R'Br + NCN
I | h
R R R

This reaction was extensively studied by von Braun.!®” Its principal
uses have been the degradation of alkaloids '**'% and the cleavage of an
alkyl group from N,N-dialkylanilines.!® 1% The von Braun cleavage is
discussed in detail in Chapter 4.

18 Collie and Schryver, J. Chem. Soc., 67, 767 (1890).

150 Wedekind, Ber., 35, 766 (1902).

181 Michler and Gradmann, Ber., 10, 2078 (1877).

182 Marquardt, Ber., 19, 1027 (1886).

185 Meyer and Lecco, Ann., 180, 173 (1876).

15 Wedekind and Paschke, Ber., 43, 1303 (1910).

18 yon Braun, Ber., 33, 1438 (1900); Scholl and Norr, tbid., 33, 1550 (1900).

166 Flderfield and Hageman, J. Org. Chem., 14, 605 (1949).

% yon Braun and co-workers, Ber., 33, 2728, 2734 (1900); 35, 1279 (1902); 40, 3933
(1907); 41, 2100, 2113 (1908); 42, 2035, 2219 (1909); 43, 1353, 3209 (1910); 44, 1252,
(1911); 47, 3023 (1914); 51, 96, 255 (1918); 55, 3803 (1922); 56, 1840, 2185 (1923); 63,
2407 (1930); 70, 1241 (1937); Ann., 445, 201 (1925); 449, 249 (1926); 490, 189 (1931);
507, 1 (1933).

18 Mossler, Monatsh., 31, 1 (1910).

189 yon Braun, Ber., 47, 2312 (1914); 49, 2624 (1916).

150 Speyer and Sarre, Ber., 57, 1427 (1924).

161 Speyer and Rosenfeld, Ber., 58, 1125 (1925).

162 T,euchs and Overberg, Ber., 65, 961 (1932); 66, 79 (1933).

18 yon Braun, Ber., 37, 2670 (1904); 40, 3914 (1907); 41, 2165 (1908).

184 Sachs and Weigert, Ber., 40, 4356 (1907).
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Replacement of Amine by Hydrogen (Emde Reduction)
[RN(CH3i5) "X~ 4 2¢H) — RH + N(CHz3-HX
RN(CHy): + H. — RH + NH(CH;),

Quaternary salts may be reduced either by means of sodium amalgam
(Emde reduction) '*>1%% or lithium aluminum hydride,'®s or cata-
lytically; 1**17 tertiary amines are subject to catalytic reduction
only.!s*1%%%  Many of these reductions are discussed in Chapter 3.
Phenolic Mannich bases can also be reduced by means of sodium
methoxide.! 75

RELATED SYNTHETIC PROCESSES

Carbon-carbon alkylation by amine replacement is of particular value
when a labile amino compound is more readily accessible as a starting
material than is the corresponding halide or conjugated unsaturated
compound. The following section is intended to place the reactions that
have been discussed in perspective relative to other methods that
result in the formation of similar products or are formally related to the
amine replacement reactions. For obvious reasons, no attempt has been
made to cover these aspects of synthetic organic chemistry in a detailed
or exhaustive manner.

Carbon-Carbon Alkylations by Halogen Replacement

Some of the most familiar and important methods for the formation
of carbon-carbon bonds involve replacement of the halogen atom of an

18 Emde, Ber., 42, 2590 (1909).

% Bmde and Kull, Arch. Pharm., 273, 469 (1934).

15 Groenewoud and Robinson, .J. Chem. Soc., 1934, 1692,

8 von Braun and co-workers, Ber., 49, 501, 1283, 2613 {19165, §0, 50 (1917); 65, 3803
(1922}, 56, 1570 (1923).

182 Kenner and Murray, J. Chem. Soc., 1950, 406.

*® Brnde, Helv. Chim. Acta, 15, 1330 (1932).

" Emde and Kull, Arch. Pharm., 274, 173 (1936).

1 Birkofer, Ber., 15, 429 (1942).

' Baltsly and Buck, J. Am. Chem. Soc., 65, 1984 (1943); Baltzly and Russel, J. Am.
Chem. Soc., 72, 3410 (1950).

1% Caldwell and Thompson, J. 4dm. Chem. Soc., 61, 765 (1939).

. Bachman and Levine, J. Am. Chem. Soc., 69, 2341 (1947).

Y6 May and Mosettig, J. Am. Chem. Soc., 70, 686 (1948); Carlin and Landerl, J. Am.
Chem. Soc., 72, 2762 (1950): Reeve and Sadle, iid., 72, 3252 (1950); Karrman and Bladh,
Acle Chem. Scand., 4, 1541 (1950) [C. A., 45, 7092 (1951)].

1%s Cornforth, Cornforth, and Robinson, J. Chem. Soc., 1942, 682; Rapoport, King, and
Lavigne, J. Am. Chem. Soc., 73, 2718 (1951).
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alky!l halide.™8 Some of the more important of these methods are the
following:

Friedel-Crafts Reaction.'”

AlCI;, ete.
RX + ArH —~—— RAr 4+ HX

Reaction with Organometallic Compounds.'™®
RX + MR’ — RR’ + MX
Alkylation of Active Methyl and Methylene Compounds.™
Z
RX + ’\KL~C*R’ — R—g R’ + NaX

A particularly interesting example of this type of reaction represents a
new route to cyclohexenones such as may be prepared by use of ketonic
Mannich bases.*

HSC202C
Naoc,H, CHyCCL= CHCH,
CH;CCl=CHCH,CI -+ HSC202@ NaOC,H )
0=~
(845%)
c .80,
600% lH
o )
CO R
CH3001=CHCH2(\ CH,~C——CH,
(73%)

Oﬁ\) CH (=0 CH,

H,80,
R=1, 25%

R=C,Hj;, 48.5%
(74%)
0

Replacement by Cyanide.'
RX + MCN — RCXN + MX

176 Weygand, Organic Preparations, pp. 353-493, Interscience Publishers, New York.
1945.

177 Price in Adams, Organic Reactions, Vol. IIL, p. 1, John Wiley: & Sons, 1946.

178 Qee Ref. 176, pp. 355-35%.

1" See Ref. 176, pp. 359-365.

180 See Ref. 176, p. 367.
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Carbon-Carbon Alkylations by Oxygen Replacement '!

Friedel-Crafts Reaction.
ROR’ + ArH — R—Ar + HOR/

This reaction is not of general applicability.
Alkylations with Ethylene Oxide.

0 CO,R’/ CO.R/

7N\
CH;—CH, 4+ Na—C—R" — NaOCH,CH,C—R"
| |
/ /

and/or

CH;—0
|
CH, (=0
N S
¢

7N
Z

R//

Alkylations with o-Hydroxybenzyl Alcohols.
OH OH ]

©CH20H @CHZ_
n — J
1

(as well as para and crosslinke