ACTA CHEMICA BSCANDINAVICA 9 (1955) 1—8

Preparation of 3-Pyridols from Furans

NIELS CLAUSON.KAAS, NIELS ELMING and ZDENEK TYLE

Centrallaboratoriet, Sadolin & Holmblad A[S, Copenhagen, Denmurk

A new method for the preparation of 3-pyridols from 2-(a-amino-
alkyl)-furans or their acyl derivatives is described.

M‘ainy furans are under certain conditions oxidized to unsaturated 1,4-
icarbonyl compounds or their equivalent!. When oxidized in this way,
furfurylamine should give a dicarbonylamine having the structure I. Since
the double bonds in I are cisoid one might expect such a compound to condence
intramolecularly to yield 3-pyridol.

U—CH.—NH. "' Jmo:(j;_cn._m,q - (Nj—on

We have indeed found that the transformation of furfurylamine to '3-
pyridol is feasible and have worked out reaction conditions, which may be
generally used for the preparation of 3-pyridols from 2-(e-aminoalkyl)-furans*.
The latter, in turn, are easily obtained by reductive amination of furan-2-
carboxaldehydes or furan-2-ketones.

Direct oxidations of furans to unsaturated dicarbonyl compounds are
usually difficult to carry out in good yields. If, however, the furans are first
electrolytically methoxylated to yield 2,5-dimethoxy-2,5-dihydrofurans and
these are subsequently hydrolyzed, yields from 60 to 95 9%, of dicarbonyl
compounds can be obtained.

Electrolytic methoxylation of furfurylamine gave only a low yield of the
corresponding dimethoxydihydrofuran (these unsuccessful experiments are
not described in the experimental part). Probably the amine group interferes
with the methoxylation reaction. But, as has been reported previously %,
2-(acetamidomethyl)-furan gives an almost quantitative yield of 2,5-dimethoxy-
2-(acetamidomethyl)-2,5-dihydrofuran II. Alkaline hydrolysis of II gave the
desired 2,5-dimethoxy-2-(aminomethyl)-2,5-dihydrofuran III, which by boiling
with N hydrochloric acid was transformed into 3-pyridol (yield 93 %).

* Patent pending.
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3-Pyridol was also obtained by boiling IT with hydrochlone acid, but the
yield was only 50 9%, and the reaction mixture turned dark-red. We believe
that the intramolecular condensation of the intermediate dicarbonylamide IV
proceeds more slowly than the condensaticn of the dicarbonylamine I, since
the former must hydrolytically lose acetic acid in the course of the condensa-
tion. Part of the dicarbonylamide therefore reacts differently due to the
prolonged reaction time.
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Consistent with this assumption is the fa,ct that an easily hydrolyzed acyl
derivative of III, viz. the carbamate VI, which was prepared by electrolytic
methoxylation of the corresponding furan (V), gave, by boiling with hydro-
chloric acid, a higher yield of 3-pyridol (76 9,).

Eleetrolysns I
I u MeOH l * _OMe HCl, H,o —OH
}— CH,— NH—COOMe .._> 00—
9 % 0" \CH, —NH—COOMe 76 % &
VI

The above yields of 3-pyridol based upon furfurylamine were 73, 46 and
55 9, respectively. However, by proceeding through sym-difurfury. Turea VII
and the corresponding dzmethoxyd1hydrofuran VIII, an 85 %, yield of 3-pyridol
was obtained. This reaction sequence, in which the intermediates need not be

isolated pure, represents the most convenient way of preparing 3- pyndol from
furfurylamine.

H I Urea Electrolysis
Yo —CH,—NH, 300 — CH,—NH |co mMeOH :

r::\/OMe HC, H'O L \_OH
MeO co
© ‘\0/\0}.[2 NH 85 %

In order to illustrate the general applicability of the new method 2-methyl-
3-pyridol was prepared from 2-acetylfuran oxime by the following reactions:
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The structure of compounds III, V—VI and VIII—XYV follows from the
methods of their preparation and from analyses. They have all been prepared
by known reactions and in only one case, viz. the reductive amination of 2-
acetylfuran to 2-(a-aminoethyl)-furan (XII) were any difficulties encountered.
Under the same conditions as those used for the preparation of furfurylamine
from furfural and ammonia, no reaction took place, and attempts to catalytically -
reduce 2-acetylfuran oxime showed that it was difficult to reduce the oxime
group without at the same time reducing the furan nucleus (these experiments
are not described in the experimental part). Only when reduced with palladium
charcoal in the presence of hydrochloric acid (method of Hartung 3) did the
oxime give & 47 9, yield of the amine. Furthermore it was found that reduction
of 2-acetylfuran oxime in acetic anhydride with Raney nickel gave a 64 %,
yield of 2-(e-acetamidoethyl)-furan (IX), in contradiction to the statement
of Adkins and Shriner 4 that this catalyst cannot be used in acetic anhydride.

2-(z-Aminoethyl)-tetrahydrofuran (XVI) was prepared by catalytic reduc-
tion of 2-acetylfuran oxime with the very active W-7 Raney nickel catalyst.
Acetylation of XVI gave the expected 2-(e-acetamidoethyl)-tetrahydrofuran
XVII. Refractive indices of these compounds were of value in following the
course of the above reductions.

U_c . W-7 Raney Ni, H, | l om Ac,0 .
o 39 % T N7 ) | )

- NH—Ae¢
H ’ XVl Xvil

EXPERIMENTAL

Mlcroannlyaes by E. Boss, K. Glens and G. Cornali

2,5-Dimethoxy-2- (aminomethyl )-2,5-dihydrofuran (III ). 2,5-Dimethoxy-2-(acetami-
domethyl)-2,6-dihydrofuran (II, mixture of the cis ax(d the trans isomer as obtained by
the synthesis %) (6.96 g, 0.034 mole) was heated under reflux (16 hr) with sodium hydr-
oxide (3 N, 100 ml). The mixture was continuously extracted with ether overnight and
th: tlnnmg distilled. The yield was 4.72 g (86 %) of III (colorless liquid, b.p.,, 96—96°,
n® 1.4589). '

DCH,ON(OCH,), (1569.2) Cale. C 528 H 82 N 8.8 OCH, 39.0
Found » 53.1 » 83 » 9.0 » 394

3-Pyridol from III. III (1.94 g, 0.012 mole) was heated under reflux (16 min) with
hydrochloric acid (N, 22 ml) and the colorless solution evaporated to dryness in a vacuum.

e crystalline residue was dissolved in ethanol and the hydrochloride precipitated with
ether. The yield was 1.49 g (93 %) of 3-%yridol hydrochloride (almost white crystals,
m.p. 106—107° after sintering from 102° (Hershberg apparatus, corr.)).

C,H,ONCl (131.6) Cale. C 45.6 H 4.6 N 10.7 Cl 27.0

Found » 454 » 45 » 10.7 » 26.6

Sublimation (150°/0.2 mm) gave perfectly white crystals, m.p. 106 —109° (sintering
from 102°). 3-Pyridol hydrochloride has previously been prepared by Fischer and Renouf*
and by Kao ¢, but no 'Yvkysical constants were ref)orted.

3-Pyridol from 1I. The oa;stalline isomer of I1 (4.04 g, 0.020 mole) was heated under
reflux (16 min) with hydrochloric acid (N, 22 ml) and the dark-red solution evaporated
to dryness in a vacuum. To the semisolid black residue containing 3-pyridol hydrochlo-
ride was added anhydrous potassium carbonate (2.0 g) and so much water, that the total
volume was about 10 ml. The resulting suspension was continuously extracted with ether.

Acta Chem. Scand. 9 (1955) No. 1
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Evaporation of the ether and crystallization of the light-brown residue from benzene
gave 0.92 g (48 %) of 3-pyridol (m.p. 126—126°). Sublimation did not change the m.p..
CH,ON (95.1) Calec. C 63.2 H 53 N 147 T

Found » 63.3 » 53 » 144 .
A similar synthesis starting from the liquid isomer of II gave 0.98 g (52 %) of 3-pyri-

dol (m.p. 1256—126°).
- " Found C 63.0 H 53 N 145
2- (Carbomethoxyamidomethyl )-furan (V). V was prepared from furfurylamine "8
(9.7 g) according to the directions of Hartman and Brethen®. The yield was 12.7 g
(82 %) of V (colorless liquid, b.p.,, 122—123°, n;_ 1.4851). :
C,H,O,N(OCH,) (155.2)  Calec. C 542 H 59 N 9.0 OCH,; 20.0
Found » 543 » 6.2 » 88 . » 199
2,5-Dimethoxy-2- (carbomethoxyamidomethyl )-2,5-dihydrofuran (VI ). VI was pre-
d from V (31.0 g, 0.20 mole) by electrolytic methozgr tion as described previously
or the preparation of II* (11.8 amp-hr (110 %) were used). The yield was 38.7 g (89 %)
of VI (colorless liquid, b.p.o.s 104—107°, np; 1.4652).
C,H,O,N(OCH,), (217.2) Calec. C 498 H 7.0 N 6.5 OCH, 42.9
Found » 495 » 68 » 6.9 » 423
3-Pyridol from VI. VI (4.34 g, 0.020 mole) was heated under reflux with hydrochloric
acid (N, 22 ml) and the light-brown solution worked up as above. The yield was 1.45 g
(76 %) of 3-pyridol (m.p. 125—126°). .
Found C 63.1 H 53 N 14.4
3-Pyridol from furfurylamine. Furfurylamine (19.4 g, 0.20 mole) and urea (commercial
product, 6.60 g, 0.11 mole) were mixed and heated under reflux (1 hr) in an oil bath
(190—210°) (method of Davis and Blanchard 1°). Ammonia was evolved. The light-
brown crystalline reaction product was dissolved in a solution of ammonium bromide
(5.00 g) in methanol (260 ml) and the resulting solution electrolyzed in the usual way *
(11.9 amp-hr (111.9%) were used). After electrolysis, the liquid in the cell was almost
colorless in the upper part of the cell and yellow near the bottom. The liquid was poured
into a solution of sodium methoxide (from 1.20 g of sodium) in methanol (20 ml) and the
methanol and the ammonia evaporated in & vacuum. The semisolid residue was heated.
under reflux (156 min) with hydrochloric acid (N, 240 ml) and the clear yellowish-brown
solution evaporated in a vacuum to dryness. Potassium carbonate (22 g) and water
(76 ml) were added and the 3-pyridol isolated as above. The yield was 16.1 g (85 %) of.

3-pyridol (m.p. 124—127°).
I Founu(i-ﬁlr(;l 63.1 VIIH g.l ho 14.9 )
n separate experiments sym-difi urea (VII) and one of the 3 possible stereois-
mers of sym-(2,5-dimethoxy- 2,56 dihydro-2 furfuryl) urea( VIII) were isolated in & pure state.
VII was obtained as white crystals from ethanol (m.p. 129—131°). Further crystalliza-
tion did not change the m.p. (previously found 128°11),
CnH,O,N, (220.2) Cale. C 600 H 55 N 127
Found » 60.2 » 5.2 » 128 .
VIII was obtained as white crystals from water (m.p. 149—151°). After recrystalliza-
tion from water the m.p. was raised to 1561 —152°.
C,,H,,0,Ns(OCH,), (344.4) Cale. C 52.3 H 7.0 N 8.1 OCH, 36.1
Found » 624 » 7.1 » 84 » 353
i;j(a-Acetamidoethyl )-furan (IX ). 2-Acetylfuran oxime (12.5 g) and acetic anhydride
(30 ml) were shaken (1 hr) with Raney nickel (1.6 g of & 2 months old sample) under hydro-
gen (100 atm, 70—80°). The reaction product was isolated by distillation. The yield was
9.8 g (64 %) of IX (pale-yellow liquid, b.p.,., 86—89°, nyy 1.4922).
CH,ON(COCH,) (153.2) Calec. C 627 H 7.2 N 9.1 COCH, 28.1
Found » 627 » 7.5 » 94 » 285 _
IX was also prepared by acetylation of 2-(a-aminoethyl)-furan (XII) with acetic: an-
hydride (b.p.,, 143—144°, np, 1.4929). ‘
. IX crystallized after standing for some time. Crystallization from ether — petroleum
ether gave white crystals with the m.p. 52—53°. Another crystallization did not change

the m.p.
Found C 624 H 7.2 N 9.3 COCH, 27.6
Acta Chem. Scand. 9 (1955) No. 1



6 CLAUSON-KAAS, ELMING AND TYLE

2,5-Dimethoxy-2- (a-acetamidoethyl )-2,5-dihydrofuran (X ). IX (2.00 g, 0.013 mole)
and ammonium bromide (0.30 g, 0.0031 mole) were dissolved in methanol (analytical
grade, 20 ml) and the solution electrolyzed in the small cell described previously !*
(temperature of cooling-bath — 20°).

Time Current Potential across Ampere hours
hr amp the cell during (per cent of theoretical
electrolysis (volt) amount)
0.1 0.8 6.2 0.07 (10 %)
0.3 0.7 6.2 0.25 (36 %)
0.5 0.7 6.2 0.34 (49 %)
1.0 0.6 6.3 0.66 (95 %)
1.2 0.5 6.4 0.77 (110 %)

After electrolysis, the pale-yellow liquid was poured into & solution of sodium meth-
oxide (from 73 mg (0.0032 mole) of sodium) in methanol (3 ml) and the methanol and
the ammonia evaporated in a vacuum. Anhydrous ether (50 ml) was added, a precipitate
of sodium bromide removed by filtration and the filtrate distilled in a vacuum. The yield
was 2.47 g (88 %) of X (colorless, viscous oil, b.p.,., 110—115°, n;; 1.4739).
C.H,ON(OCH,);(COCH,) (215.2) Cale. C 55.8 H 8.0 N 6.6 OCH; 28.8 COCH,; 20.

Found» 56.1 » 7.9 » 66 » 289 » 20.3

2,6-Dimethoxy-2- (a-aminoethyl )-2,5-dihydrofuran (XI). XI was prepared from X
(2.15 g) as described for the preparation of III (refluxing time 38 hr). The yield was 1.39 g
(80 %) of XI (colorless liquid, b.p.;; 90—92°, ng 1.4565).

CH,0ON(OCH;). (173.2) Cale. C 55,6 H 8.7 N 81 OCH,; 35.8
Found » 556.5 » 9.0 » 83 » 356.8

2-Methyl-3-pyridol from XI. This preparation was carried out with XI (1.10 g, 0.0064
mole) as described for the preparation of 3-pyridol from III. The yield was 0.88 g (95 %)
of 2-methyl-3-pyridol hydrochloride (white crystals, m.p. 223 — 224°).

- CHgONC1 (145.6) Cale. C 4956 H 556 N 9.6 Cl 24.4
Found » 496 » 5.7 » 9.9 » 248

The free base was prepared from the hydrochloride in the usual way and obtained as
yellowish-white crystall)s (m.p. 169—170°, previously found 167 —168° !* and 163 —165° ).

C.H,ON (109.1) Calee C 660 H 6.5 N 12.8

Found » 66.2 » 6.6 » 13.0

Sublimation (150°/0.05 mm) gave white crystals (m.p. 169—170°).

2- (a-Aminoethyl )-furan (XII) (directions of Hartung3). 2-Acetylfuran oxime
(15.6 g, 0.12 mole) was dissolved in absolute ethanol (200 ml), to which had been ad ded
acetyl chloride (26.5 ml, 0.37 mole), and the solution was shaken (4 hr) with palladium
charcoal (10 %, 6.5 g) under hydrogen (15 atm). After filtration the solvent was evapora-
ted in a vacuum, the residue made alkaline with sodium hydroxide (50 9) and con-
tinuously extracted with ether. Distillation through a short packed column gave 6.5 g
(47 %) of XII (colorless liquid, b.p.,y 148—149°, np 1.4748).

CH,ON (111.1) Calec. C 64.8 H 8.2 N 126
Found » 64.6 » 83 » 126

Picrate. The m.p. was 184—186° (dec.) after two crystallizations from ethanol.
C1,H;,0:N, (340.3) Cale. C 424 H 3.6 N 16.5
Found » 424 » 3.7 » 16.8

thPhelnglthiourea derivative. The m.p. was 101—102° after two crystallizations from

ethanol. ‘

. O, H;,ON,S (246.3) Cale. C 63.4 H 5.7 N 114
wr Found » 64.0 »  B.7 » 11.2

2- (a-Carbomethoxyamidoethyl )-furan (XIII). 2-Acetylfuran oxime (12.5 g, 0.10
mole) was hydrogenated as described above for the preparation of XII. The reaction
mixture was filtered and evaporated to dryness in a vacuum, finally at 0.1 mm (50— 55°).
The reddish-brown residue was dissolved in water (20 ml), extracted with ether and carbo-
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methoxylated with methyl chloroformate (0.10 mole) according to the directions of Hart-
man and Brethen ®. The yield was 9.2 g (54 %) of XIII (colorless liquid, b.p.., 72—75°,
np 1.4805). »
C,H,O,N(OCH;) (169.2) Calc. C 568 H 6.6 N 83 OCH, 18.3
Found » 57.1 » 7.0 » 8.6 » 18.2
Since the yield, from the reduction of 2-acetylfuran oxime, of actually isolated 2-(a-
aminoethyl)-furan was only 47 9%, the carbomethoxylation must have been almost quan-
titative and the carbamate furthermore easier to isolate than the amine.
2,56-Dimethoxy-2- (a-carbomethoxyamidoethyl )-2,5-dikydrofuran (XIV). XIV was pre-
from XIIT (11.6 g, 0.068 mole) by electrolytic methoxylation as described previ-
ously for the preparation of II? (4.1 amp-hr (110 %) were used). The yield was 13.8 g
(88 %) of XIV (colorless oil, b.p.,., 98—102°, n: 1.4649).
C,H;0.N(OCH,), (231.2) Calec. C 519 H 74 N 6.1 OCH, 40.3
Found » 52.2 » 7.7 » 5.9 »  40.5
2-Methyl-3-pyridol from XIV. XIV (2.31 g, 0.010 mole) and hydrochloric acid (N,
100 ml) were heated under reflux (1.5 hr). After decantation from a small amount of an
insoluble oil the mixture was evaporated in a vacuum to dryness. The residue was dissol-
ved in methanol (about 5 ml) and the hydrochloride Frecipita,ted with ether (100 ml).
The yield was 1.23 g (85 %) of crude 2-methyl-3-pyridol hydrochloride (light-brown pow-
der). 200 mg of this product was purified by sublimation (195°/0.05 mm). The yield was
170 mg (72 %) of almost white crystals (m.p. 223 —225°).
Found C 49.6 H 5.6 N 9.3 Cl 24.7
2- (a-Ureidoethyl )-furan (XV1 ). XII (6.12 g, 0.055 mole) was dissolved in hydro-
chloric acid (5.8 N, 9.5 ml, 0.055 mole) under cooling, a solution of urea (3.45 g, 0.057
mole) in water (16 ml) was added and the mixture heated under reflux (16 hr). After
cooling, the crystalline precipitate was removed by filtration, washed twice with water
and dried. The yield was 4.24 g (50 %) of crude XV (light-brown powder, m.p. 91 —103°).
200 mg was crystallized from ethyl acetate-ether, yielding 140 mg (35 %) of XV (white
crystals, m.p. 114—116°). Sublimation did not change the m.p.
C,H,,O:N, (154.2) Calc. C 54.5 H 6.5 N 18.2
Found » 54.5 » 6.5 » 18.2
2-Methyl-3-pyridol from XV. XV (340 mg, 0.0022 mole) and ammonium bromide
(150 mg, 0.0015 mole) were dissolved in methanol (analytical grade, 10 ml) and the mix-
ture electrolyzed in the small cell described previously 1% (6.4—6.6 v, 0.4 amp, 0.35 hr).
0.13 amp-hr (0.0024 faraday) was passed through the cell. After electrolysis the pale-
yellow liquid was poured into a solution of sodium methoxide (from 37 mg of sodium
(0.0016 mole)) in methanol (3 ml) and the solvent evaporated in & vacuum. The residue
was heated under reflux (15 min) with hydrochloric acid (N, 22 ml) and the pyridol iso-
lated as described for the preparation of 3-pyridol from II. The crude methylpyridol was
converted to the hydrochloride by addition of concentrated hydrochloric acid and eva-
poration in & vacuum to dryness. The hydrochloride was then purified by precipitation
from ethanol — ether (yield 210 mg) followed by sublimation (190°/0.05 mm). The yield
was 200 mg (62 %) of 2-methyl-3-pyridol hydrochloride (m.p. 225—227°).
Found C 49.4 H 52 N 9.6 Cl 24.7
2- (a-Aminoethyl ) -tetrahydrofuran (XVI ). 2-Acetylfuran oxime (6.0 g) was dissolved
in methanol (50 ml) and the solution was shaken (16 hr) with W-7 Raney nickel catalyst 1%
(1 g) under hydrogen (100 —50 atm). After filtration the solvent was distilled through a
short packed column and the residue distilled further in a vacuum without the column.
The yield was 2.17 g (39 %) of XVI (colorless liquid, b.p.,s 47—48°, n: 1.4489).
CoH,;,ON (115.2) Cale. C 62.6 H 114 N 12.2
Found » 62.6 » 11.5 » 12.0
Phenylthiourea derivative. The m.p. was 111—115° after two crystallizations from
ethanol. .
CsH,,ON,S (250.4) Calc. C 624 H 173 N 11.2
Found » 62.5 » 7.3 » 11.4
wAcetyl derivative (XVII). XVII was obtained as a colorless liquid (b.p.,., 97-—101°,
ny 1.4722).
DC.H“ON(COCH,) (157.2) Calc. C 6l.1 H 96 N 89 COCH, 274
Found » 61.5 » 9.7 » 8.6 » 26.8
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Electrolytic Methoxylation of 2-Acetylfuran

JORGEN TORMOD NIELSEN, NIELS ELMING and
NIELS CLAUSON-KAAS

Centrallaboratoriet, Sadolin & Holmblad A/[S, Copenhagen, Denmark

2-Acetylfuran has been methoxylated by transformation into the
dimethyl ketal and electrolysis in methanol. Reaction of the resulting
2,5-dimethoxy-2-(a,a-dimethoxyethyl)-2,5-dihydrofuran (I) with an
aqueous solution of hydroxylamine hydrochloride gave 2-methyl-3,6-
pyridinediol-1-oxide (IV). This compound has previously been pre-
pared by Vargha, Ramonczai and Bite, who believed it to be an ald-
oxime of 2-hexene-4,5-dione-1-al(III). I was catalytically hydroge-
nated to 2,6-dimethoxy-2-(a,a-dimethoxyethyl)-tetrahydrofuran (IT),
which by heating with dilute hydrochloric acid yielded pyrocatechol.

As part of an investigation of the electrolytic methoxylation of furans,
reaction conditions have been worked out for the methoxylation of 2-acetyl-
furan. The furan is first heated under reflux with methanol, methyl ortho-
formate and a trace of p-toluenesulfonic acid, and the resulting solution, which
probably contains 2-acetylfuran dimethyl ketal, is then electrolyzed. Analyses
showed the reaction product to be the expected 2,5-dimethoxy-2-(a,a-di-
methoxyethyl-2,6-dihydrofuran (I). Catalytic hydrogenation of I gave the
corresponding tetrahydrofuran II. :

1. HC(OMe),

in MeOH =
2. Electrolysis .
in MeOH Me H,, Raney Ni OMe
0—Me — 5 MeO Y 5 MeO /<c
64 9 .0 (OMe);—Me] 83 %} o

: I II

By reaction of I with an aqueous solution of hydroxylamine hydrochloride
an 89 9, yield of a compound CgH,03N (m.p. 236°), which was soluble in alkali,
sparingly soluble in water and alcohol and insoluble in ether, was obtained.
It gave a strong violet ferric chloride reaction. Acetylation of this compound
yielded a diacetate, which was transformed by solution in methanol into a
monoacetate. The diacetate gave a red ferric chloride reaction after some
seconds, while the monoacetate gave the same reaction immediately. Catalytic

Acta Chem. Scand. 9 (1955) No. 1
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10 NIELSEN, ELMING AND CLAUSON.KAAS

hydrogenation of the C4gH,O;N-compound yielded a compound CgH,;O,N,
which gave no ferric chloride reaction. Assuming the CgH,O4N-compound
to be 2-methyl-3,6-pyridinediol-1-oxide (IV), these experiments may be explai-
ned as shown below.

/ \ _OH
] OMe H,0, HC1 | CH=—CH NH,0H Ac,0, pyridine
—>] | | ———> HO— Mo —————
0 C(OMe),—Me CHO CO—CO—Me 89 % N 1%
' {
0
1 11 v

84 9, lH, Raney Ni

7" \_0Ac 7\ _oac ' 7N —om
L e
-4 . e 63% HO—-\N Me OZ\N/——Me
4 ¥ H
0 )
v VI viI

By heating of II with dilute hydrochloric acid, pyrocatechol is formed in
a 49 9, yield. Evidently hydrolysis to hexane-4,5-dione-1-al (VIII) followed
by intramolecular condensation takes place.

T H,0, HCl CH,—CH, —OH
OMe 49 9 l '
MoO—1 - /< 9 % CHO CO—CO—Me
Me OH
0o C(OMe), — Me N :
I VIII

Vargha, Ramonczai and Bite! have reported that treatment of the p-
toluenesulfonate of 2-acetylfuran oxime (IX) with methanol results in the
formation of a liquid CgH,,0,, which may be catalytically hydrogenated to
another liquid CgH,,0,. The CgH,,0,-liquid gave, with an aqueous solution
of hydroxylamine hydrochloride, a compound C¢H,0;N with properties similar
to our CzH,0,N-compound (2-methyl-3,6-pyridinediol-1-oxide (IV)). The
CgH,,0,-liquid gave pyrocatechol by heating with dilute sulfuric acid. These
reactions were explained by Vargha, Ramonczai and Bite as shown below.

Acta Chem. Scand. 9 (1955) No. 1
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The. CgH,03N-compound was assumed to be an aldoxime of 2-hexene-4,5-
dione-1-al (III). : :

|

MeOH CH=CH H,,Pd
—C—Me — ‘ -
Il 80—90 % (Me0),CH CO—CO—-Me 80%

N

(0]
N —0—80,—C¢H,—Meo(p)
IX X
CHn - CH2 . [/\-—OH
’ l No yield reported “
N
(MeO),CH CO—CO—Me H,;0, H,80, KFOH
X1

Vargha, Ramonczai and Bite did not report any spectra, refractive indices
or methoxy values for their liquids, so that it is not certain whether these
actually have been pure compounds with the proposed structures (X and XT)
ornot. It is, however, apparent from the published data,and also in conformity
with our findings, that the liquids as claimed are derivatives of 2-hexene-4,5-
dione-1-al (ITT) and hexane-4,5-dione-1-al (VIII), respectively. The CgH,O3N-
compound, which evidently is identical with our C¢H,OsN-compound, must
on the other hand be 2-methyl-3,6-pyridinediol-1-oxide (IV).

EXPERIMENTAL

Microanalyses by E. Boss and K. Glens

2,5-Dimethoxy-2- (a,a-dimethoxyethyl )-2,5-dihydrofuran (I). 2-Acetylfuran (3.30 g,
0.030 mole) and methyl orthoformate (3.50 g, 0.033 mole) was added to a solution of p-
toluenesulfonic acid (8.6 mg) in anhydrous methanol (10 ml) and the mixture heated
under reflux (10 min). After cooling a solution of ammonium bromide (0.60 g) in metha-
nol (30 ml) was added and the mixture electrolyzed in the small cell described previously *
(temperature of cooling-bath —18°).

Time | Caront Sho ool durng | o, Ampere howrs
r amp eleri:azﬁ}ysls amount)
0.1 1.0 4.8 0.09 (6 %)
0.5 0.9 5.0 0.43 27 %)
1.0 0.8 5.1 0.81 (50 %)
2.6 0.6 5.2 : 1.68 (104 %)

Acta Chem. Scand. 9 (1955) No. 1
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After electrolysis the yellow liquid was poured into a solution of sodium methoxide
(from sodium (147 mg) in methanol (5 ml)) and the methanol and the ammonia evaporated
in & vacuum. Anhydrous ether (50 ml) was added, the precipitate removed by filtration
and the filtrate distilled in & vacuum.

Fraction (g) B;}é“‘ n;
1 (0.30) 108—112 1.4502
2 (3.37) 112—-113 1.4498
3 (0.48) 113—115 1.4499

The yield (all fractions) was 4.15 g (64 %, current efficiency 62 %) of I (colorless
liquid). A portion of fraction 2 was analyzed.

CHO(OCH,), (218.2) Calec. C 55.0 H 83 OCH, 56.9
Found » 66.1 » 82 » 55.4

All fractions gave a Eositive Beilstein test for halogens, thus indicating, that the
product is contaminated by a small amount of some bromine-containing impurity.

~ 2,5-Dimethoxy-2- (a,a-dimethoxyethyl )-tetrahydrofuran (II). 1 (3.00 g), anhydrous
methanol (15 ml) and potassium hydroxide (11 mg) were shaken (4 hr) with Raney nickel
(0.3 g) under hydrogen (100 atm). The product was isolated by distillation.

Cale. for C,H, H,). (220.
on Bpacs . ale. for C.H,0(OCH,), (220.3)
. °C D
(®) C5459% | H 9.29% |OCH, 56.4%
1 (0.31) 116 1.4390 54.2 9.2 54.0
2 (2.21) 118—119 1.4387 54.7 9.0 55.3

The yield (both fractions) was 2.52 g (83 %) of II (colorless liquid).

2-Methyl-3,6-pyridinediol-1-oxide (IV ). I (0.44 g, 0.002 mole) was dissolved in water
(5 ml) and the solution added to a solution of hydroxylamine hydrochloride (0.21 g,
0.003 mole) in water (2 ml). The mixture was left standing for 15 minutes whereby white
crystals precipitated. The tals were removed by filtration, washed twice with water
and dried. Tﬁe yield was 0.25 g (89%) of IV (white needles, m.p. 220—230° (dec.)
(Hershberg apparatus, corr.)) Crystallization from ethanol gave 0.21 g (76 %), m. p. in
evacuated tube 234 —236° (dec.). Vargha, Ramonczai and Bite! found m. p. 236° for their
C.H-,O'N-compomld-

CeH,O3N (141.1) H 50 N 9.9

5.4 » 10.0

Cale. C 51.1
Found » 50.8 »

IV was sparingly soluble in water and insoluble in ether. It gave & strong violet
color with ferric chloride.

2-Methyl-3,6-diacetoxypyridine-1-oxide (V ). A mixture of IV (0.42 g), pyridine
(6 ml) and acetic anhydride (5 ml) was heated to boiling, left standing for 5 minutes,
cooled and evaporated? in & vacuum. Addition of ether to the residue gave 0.32 g of V
(almost colorless crystals, m. p. 96— 98°).

C.H;O,N(COCH.). (225.2) Calc. C 53.
Found » &

6.2 COCH, 38.2
6.0 » 390
Chem. Scand. 9 (1955) No. 1
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From the filtrate another 0.16 g of V (white crystals, m. p. 96 —98°) was obtained, the
total yield of V thus being 0.48 g (71 %).

Found C 5634 H 5.2 N 6.2 COCH, 38.4
V gave a red color with aqueous ferric chloride after some seconds.

2-Methyl-3-acetoxy-6-pyridinol-1-oxide (VI). V (90 mg) and methanol (2 ml) were
heated to boiling and twice partly evaporated with ether, whereby white crystals were
obtained. The yield was 50 mg (68 %) of VI (white crystals, m. p. 1290—131°).

CeHO;N(COCH,) (183.2) Calc. C 526 H 60 N 7.7 COCH, 23.5
- Found » 62.6 » 6.2 » 7.5 » 23.3

VI gave instantaneously a red color with aqueous ferric chloride.

5-Hydroxy-6-methyl-2-piperidone (VII ). IV (1.00 g) and anhydrous methanol (30 ml)
were shaken (1 hr) with Raney nickel (0.4 g) under hydrogen (100 atm, 100° C). The Raney
nickel was removed by filtration and the filtrate evaporated in a vacuum. The white
crystalline residue was crystallized from methanol. The yield was 0.67 g of VII (white
crystals, m. p. 178 — 180°; recrystallization from methanol-ether did not change the m. p.).

CeH,;,0,N (129.2) Cale. C 558 H 8.6 N 109
Found » 656.0 » 8.9 » 10.7

Addition of ether to the mother Ii‘?ixor and crystallization from methanol of the crys-
tals obtained gave another 0.10 g of VII (white crystals, m. p. 177 —179°), the total yield
of VII thus being 0.77 g (84 %).

VII gave no coloration with aqueous ferric chloride.

Acetate of VII. ' A mixture of VII (100 mgMyridine (2 ml) and acetic anhydride
(2 m!) was heated to boiling and then evaporated in a vacuum. The white crystalline
residue was boiled with ether. The yield was 90 mg (68 %) of 5-acetoxy-6-methyl-2-
piperidone (white crystals, m. p. 169—172°).

C¢H,;,O,N(COCH,) (171.2) Cale. C 561 H 77 N 82 COCH, 25.1
Found » 566.56 » 8.0 » 8.0 » 26.2

Hydrochloride of VII. VII (100 mg) dissolved in methanol (2 ml) and methanol
(1 ml), to which had been added acetyl chloride (0.08 ml), were mixed and the hydrochlo-
ride precipitated with ether, removed by filtration, washed with ether and dried. The
yield was 120 mg (94 %) of 5-hydroxy-6-methyl-2-piperidone hydrochloride (white crys-
tals, m. p. 146—149°).

CeH;30,NC1 (165.6)  Cale. C435 H 73 N 85 Cl 214
Found » 43.1 » 74 » 80 » 213

Pyrocatechol from II. 1II (4.56 g) and N hydrochloric acid (45 ml) were mixed and hea-
ted under reflux (2 hr). The light-brown mixture was cooled and saturated with sodium
hydrogen carbonate. A small amount of an insoluble oil was removed and the mixture

" extracted continuously with ether. The etheral extract was dried with magnesium sulfate
and distilled in a vacuum. The yield was 1.12 g (49 %) (light-brown crystals, b. p.,
88—90°, m. p. 97—102°). Crystallization of 200 mg from ether-petroleum ether gave 160
mg of almost white crystals, m. p. 100—103°.

C.H,O, (110.1) Cale. C 654 H 5.5
Found » 65.1 » 5.6

The crystals gave no m. p. depression when mixed with an authentic specimen of
pyrocatechol.
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New Methods for the Transformation of Furans

into Pyridines
NIELS CLAUSON-KAAS and POUL NEDENSKOV

Centrallaboratoriet, Sadolin & Holmblad A[S, Copenhagen, Denmark

The prefaration of 6-tsopropyl-3-pyridinol .(IV) and of 2,3-pyri-
dinediol (VI) from .2-carbomethoxy-5-tsopropylfuran (I) and methyl
furoate, . respectively, is described.

Two routes from furan-2-carboxaldehydes or furan-2-ketones to pyridines
have recently been reported !> 2. These may be exemplified by the trans-
formation of 2-acetylfuran into 2-methyl-3-pyridinol and 2-methyl-3,6-pyridi-
nediol-1-oxide, respectively.

1. Oxime for- 1. Electrolysis
in MeOH N\ —on
2. Hydrolysis and k
N

2. Reductionand

00— M, acetylation CH—M condensation M
— e ______9 ! —Me N ©
07 58 9, O/ | 67 % /
NH-—-Ac
i 1. Ketalization / \ —OH
2. Electrolysis NH,OH, HC1
in MeOH -OMe in H,0
‘\ CO—-Me ————— MBO\ /<C —_— > HO Me
(o] 64 9%, (o] (OMe), —Me 89 9, N
{
o

Two routes from furan-2-carboxylic acid esters, many of which are easily
accessible, to 3-pyridinols and 2,3-pyridinediols, respectively, are described
here. The first route is exemplified by the transformation of 2-carbomethoxy-

* 5-isopropylfuran (I) into 6-isopropyl-3-pyridinol (IV), the second by the trans-
formation of methyl furoate into 2,3-pyridinediol (VI).

The preparation of pyrocatechol from 2-acetylfuran reported in the fore-
going article 2 represents a sequence of reactions similar to the reactions de-
scribed here. The main feature of these transformations of furans into other

Acta Chem. Scand. 9 (1955) No. 1
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Electrolysis 1. NH; in MeOH
‘ ‘ in MeOH  MeO OMe 2. LiAlH,
i—Pr —COOMe — 5 /<
o 879 i—P 07 \COOMe Y,
1 , II
"\ —om
>L OMe H.o HCl | l
3—Pr
H,NH, 69 % N/
v
1. Electrol};sis
— in MeOH "\ —on
l 2. Catalytic : 1. NH, in MeOH ‘
hydrogenati 2. H,0, HCl
—COOMo ycrogenation il kel /—oH
0 62 9, COOMe 94 ty N ,
VI

compounds with aromatic character is an intramolecular condensation of a
straight chain of atoms including a 1,4-dicarbonyl C,-unit, the latter coming
into existence by oxidation of a furan compound. We believe that many other
heterocyclic or homocyclic aromatic compounds can be prepared by the same
type of reactions by employing suitable 2-substituted furans.

EXPERIMENTAL
Microanalyses by E. Boss and K. Glens

2,5-Dimethoxy-2-aminomethyl-5-isopropyl-2,5-dihydrofuran (I1I1). I1® (3.45 g, 0.015
mole) was mixed at —50° with a solution of ammonia (2.2 ml, measured at —80°) and
water (0.3 ml) in methanol (6 ml) and the resulting solution left standing (7 days) at room
temperature and then evaporated in a vacuum from & water-bath (60°). The residue was
dissolved in anhydrous ether and evaporated once more to dryness, at last under 0.1 mm,
in order to remove traces of water and methanol. The residue was dissolved in ether
(90 ml) and the etheral solution added with stirring to a suspension of lithium aluminum
hydride (0.97 g, 0.026 mole) in ether (60 ml). After stirring at room temperature for 20
hr the mixture was cooled to — 20°, and water (20 ml) and then sodium hydroxide solution
(20 %, 25 ml) were added dropw1se The cloudy reaction mixture was continuously
extracted with ether, the etheral solution dried with magnesium sulfate a.nd distilled. The

yield was 2.13 g (71 %) of III (colorless liquid, b. p.;s-;3 121—126°, nD 1.4625).

C;H,;ON(OCH,)y (201.3) Cale. C 59.7 H 95 N 7.0 OCH,; 30.8
Found » 60.0 » 95 » 7.0 » 30.5

6-Isopropyl-3-pyridinol (IV ). III (1.50 g, 0.0075 mole) and hydrochloric acid (N,
17 ml) were heated under reflux (15 min). The solution was evaporated to dryness in a
vacuum and the residual dark-brown oil dissolved in water (10 ml). Potassium carbonate
(1.0 g) was added and the solution continuously extracted with ether. A crust of yel-
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16 CLAUSON-KAAS AND NEDENSKOV

lowish-white crystals was removed by decantation, washed with ether and dried. The

yield was 0.65 g of IV (slightly yellow crystals, m. p. 1556—157° (Hershberg apparatus,
corr.)).

CsH,;,ON (137.2) Cale. C 170.0 H 8.1 N 10.2
Found » 70.1 » 7.9 » 10.56

The product gave a wine-red ferric chloride reaction. Sublimation (0.06 mm, 135—
140°) gave a perfectly white product in an almost quantitative yield (m. p. 156°).

From the etheral solution another 0.06 g of IV was isolated by sublimation (white
crystals, m. p. 1564—156°), the total yield of IV thus being 0.71 g (69 %).

2,3-Pyridinediol (VI ). V* (4.75 g, 0.025 mole) was mixed at — 50° with a solution of
ammonia (3.5 ml, measured at —80°) and water (0.5 ml) in methanol (10 ml) and the
resulting solution left standing (4 days) at room temperature and then evaporated in a
vacuum from & water-bath. The almost colorless viscous residue was dissolved in a mix-
ture of water (10 ml) and methanol (3 ml). Sulfuric acid (0.1 N, 10.0 ml) was added and
the solution heated under reflux (20 min). To the hot solution barium hydroxide (0.1 N,
10.0 ml) was added, the light yellow suspension evaporated to dryness in a vacuum and the
solid residue sublimed (0.07 mm, 145—155°). The yield was 2.60 g (94 %) of VI (m. p.
in an evacuated tube 250—52 (dec.)). The product gave the expected strong blue ferric
chloride reaction.

C;H;0,N (111.1) Cale. C b54.1 H 4.5 N 12.6
Found » 54.3 » 4.4 » 12.8
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ACTA CHEMICA

New Examples of Electrolytic Methoxylation of Furans

POUL NEDENSKOV, NIELS ELMING, JORGEN TORMOD NIELSEN
and NIELS CLAUSON-KAAS

Centrallaboratoriet, Sadolin & Holmblad A[S, Copenhagen, Denmark

Four new 2,5-dimethoxy-2,5-dihydrofurans have been prepared
by electrolytic methoxylation of the corresponding furans.

In connection with ‘an investigation of certain furan compounds! four new
dimethoxydihydrofurans have been prepared by the electrolytic methoxyla-
tion method? 3. In all 20 different furans have now been electrolytically
methoxylated.

2-Carbomethoxy-5-isopropylfurant (I) and 2-carbomethoxy-5-(tertbutyl)-
furant® (II) were electrolyzed in a sulfuric acid electrolyte®., Both dimeth-
oxydihydrofurans (IIIand IV) were catalytically hydrogenated to the corre-
sponding tetrahydrofurans (V and VI). The transformation of III into the
3-pyridinol VII® proves the structures of III and V. The structures of IV and
VI were proved by transformation of VI into the pyrrole VIII (cf.%).

Electrolysis
. COOM. in MeOH MeO /<0Me H,, Raney Ni
i— - o —_— B s =
0 87 % i—Pr” N0 \CoOMe 89 %
I
1. NH;,MeOH
49 9 | 2. LiAIH,
3. H,0, HCl
7"\ _on
MeO OMe ’
/\/ i—Pr—-I\ J
i—Pr” N0~ “COOMe N
' vII
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E{lecﬁo%iyﬁis MeO OMe. H,, R¢ Ni
M_Bu—\’ o _m—m:__> / _-_'_éj'i‘ia"L)
0 % teri—Bu” N0~ \COOMe 4 %

II , v
NH, i
MeO Me Ayyr t=2
——5,73/———>- tert — Bu COOMe

tert—Bu 0 COOMe ° N

|

’ (4
vi VIIT:

The Zeisel methoxy determination of 1-phenyl-2-carbomethoxy-5-(fert-
butyl)-pyrrole (VIILI) gave consistently 16—17 %, of “methoxy” instead of
the caloulated 12.1 9,. We believe that the unexpeotedly high values come
from the splitting off of methyl groups as methyl iodide from the teri-butyl
group. Huang and Morsingh? have reported another instance in which certain
dimethylalkylaryl methanes behaved similarly.

2-(a-Hydroxyethyl)-furan® (IX) was electrolyzed in an amimonium bromide
electrolyte? and the resulting dimethoxydihydrofuran X catalytically hydro-
genated to the tetrahydrofuran XI.

Electrolysis
in MeOH Mo H,, Raney Ni Me
OH—Me '_733/——> M W—) MeO
\O ° o OH—-Me - ° (o) OH-—1}
- XI

IX X

2-(a-Acetoxy-p-acetamidoethyl)-furan (XII), prepared by catalytic hydro-
genation of furfural cyanohydrin acetate® (XIII) in acetic anhydride, was
also electrolyzed in an ammonium bromide electrolyte. The reaction product
was not isolated pure, but hydrolyzed with sodium hydroxide to 2,56-dimethoxy-
2-(a-hydroxy-g-aminoethyl)-2,56-dihydrofuran (XIV), which was obtained pure
by distillation. )

H, Raney Ni l u 1. Electrolysis in MeOH -
in AcgO 2. H,0, NaOH °
O0Ao ——=2= 0Ac i ZA —> MeO
\O J}N » 0 | Overall yield 38 9% (o) OH

CH,NHAc

b
X111 XI1 XIV
We consider that it now may be regarded as an established fact that alko-
xylation of furans always takes place at the a-carbons. The structures of the
new compounds X, XI and XIV are therefore proved by the syntheses.
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_ EXPERIMENTAL
Microanalyses by E. Boss, K. Glens and W. Egger

2,5-Dimethoxy-2-carbomethoxy-5-isopropyl-2,5-dihydrofuran (III ). 2-Carbomethoxy-
6-isopropylfuran (I)* (10.5 g, b.p.;,, 106—107°, n; 1.4834) was mixed with anhydrous
methanol (46 ml) and concentrated sulfuric acid (0.375 g, 0.0038 mole) and the solution
electrolyzed in the small cell described previously?® (temperature of cooling-bath —20°).

Potential across
Time Current th%lecgll‘oglégng (per feﬁ? e;t? ?}?:;‘:etical
hr amp volt amount)
1.0 0.9 8.0 0.82 (25 %)
3.0 0.8 7.9 2.40 (72 %)
5.0 0.7 7.8 3.62 (108 %)
5.9 0.6 7.7 4.20 (125 %)

After electrolysis the yellow liquid was poured into & solution of sodium methoxide
(from 178 mg of sodium (0.0076 mole)) in methanol (7 ml) and the methanol evaporated in
a vacuum. Anhydrous ether (50 ml) was added to the oily, light-brown residue, a preci-
pitate of sodium sulfate removed by filtration and the filtrate distilled in a vacuum.

. B.p. OCH.
Toton @ | PE | nd | By
1 (1.8) 71 1.4500 317.8
2 (7.4) 71 1.4497 40.1
3 (3.3) 70-1756 1.4502 41.0

The yield (all fractions) was 12.5 g (87 %, current efficiency 70 %) of III (colorless
liquid). A portion of fraction 2 was also analyzed for carbon and hydrogen.

CsH,0,(0OCH,); (230.3) Cale. C 574 H 179
Found » 67.6 » 8.1

2,5-Dimethoxy-2-carbomethoxy-5-isopropyl-tetrahydrofuran (V ). III (3.45 g) and an-
hydrous methanol (15 ml) were shaken (20 hr) with Raney nickel (0.5 g) under hydrogen
(100 atm). The product was isolated by distillation. The yield was 3.10 g (89 %) of V
(colorless liquid, b.p.,., 66—67°, np 1.4426).
CsH,,05(0OCH,)s (232.3) Cale. C 56.9
Found » 56.8

H 8.7 'OCH, 40.1
» 8.6 »  39.6

2-Carbomethoxy-5- (tert-butyl )-furan (II). This compound was prepared from
methyl furoate (30.3 g, 0.24 mole), tert-butyl chloride (22.2 g, 0.24 mole) and aluminum
chloride (48 g, 0.36 mole) after the directions of Gilman and Calloway*. From the final
golution carbon disulfide and ether were removed by distillation through a Vigreux
column and the residue distilled through a 5 cm column packed with Dixon gauze rings.
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The yield was 37.6 g (86 %) of II (b.p.;;—y 110—113°, n: 1.4789); previously found*
b.p.;s 110—114° and n: 1.4792. On standing the product crystallized (m.p. 27-—28°
(Hershberg apparatus, corr.)).

2,6-Dimethoxy-2-carbomethoxy-5- (tert-butyl )-2,5-dihydrofuran (IV ). II (9.2 g) was
electrolytically methoxylated as described above for the preparation of III. The yield
was 12.0 g (97 %, current efficiency 78 9,) of IV (colorless liquid, b.p.e.s-0.s 67—171°,
np 1.4502).

CyH;,0,(0OCH;); (244.3) Cale. C 59.0 H 8.3 OCH, 38.1

Found » 59.1 » 8.3 » 37.6

2,5-Dimethozy-2-carbomethoxy-5- (tert-butyl )-tesrahydrofuran (VI). IV (3.7 g) was
hg%ogen&ted and the reaction product isolated as described above for the preparation
of V.

Fraction B.p... > OCH,
(g) °C D Cale. 37.8 9%

1 (0.96) 70—74 1.4479 37.0

2 (2.55) 69—174 1.4473 37.4

The yield (both fractions) was 3.51 g (94 9) of VI (colorless liquia). A portion of frac-
tion 2 was also analyzed for carbon and hydrogen.

C,H;3,04(OCH,)s (246.3) Calec. C b58.6 H 9.0
Found » 58.7 » 8.9

1-Phenyl-2-carbomethoxy-5- (tert-butyl )-pyrrole (VIII). VI (2.46 g, 0.01 mole)
was dissolved in a mixture of aniline (0.93 g, 0.01 mole) and glacial acetic acid (2.4 ml)
and the solution heated under reflux for 5 minutes. The acetic acid and the methyl
acetate formed by the reaction were removed by distillation in & vacuum. The yellow,
crystalline residue was crystallized from ethanol-water, yielding 2.10 g (82 %) of VIII
(slightly yellow crystals, m.p. 64—68°). Crystallization from ether-petroleum ether gave
1.46 g (587 %) of white crystals, m.p. 72°. Further crystallization did not change the m.p.

Cy:H,;,ON(OCH,) (257.3) Calc. C 747 H74 N 54 - OCH, 12.1
Found » 747 » 7.8 » 5.0 “OCH,” 16.9

The product gave a positive Ehrlich reaction after boiling with 15 9%, sulfuric acid for
2 minutes.

2,5-Dimethoxy-2- (a-hydroxyethyl )-2,5-dihydrofuran (X ). 2-(a-Hydroxyethyl)-furan
(IX)? (44.8 g, 0.40 mole) was electrolytically methoxylated and the reaction mixture
worke(} up as described previously for the preparation of dimethoxydihydrofurfuryl
alcohol*,

Fraction (g) B'B,'é"‘“ n: Calcoglg.ﬁ %
1 (7.0) 62—104 1.4641 17.0

2 (8.7) 104 —107 1.4540 35.8

3 (42.0) 107 1.4542 35.6

4 (1.0) 107—108 1.4549 38.2
Residue (3)
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All fractions showed a negative Beilstein test for halogens. The yield (fractions 2 and
3) was 50.7 g (73 %, current efficiency 86 %) of X (colorless liquid). A portion of frac-
tion 3 was also analyzed for carbon and hydrogen.

CeH30,(OCH;), (174.2) Cale. C 55.2 H 8.1
- Found » 554 » 8.0

2,5-Dimethoxy-2- (a-hydroxyethyl )-tetrahydrofuran (XI). X (3.50 g) and anhydrous
methanol (15 ml) were shaken (3 hr) with Raney nickel (0.50 g) under hydrogen (100 atm)
and the reaction product isolated by distillation.

Fraction B.p.s—1s n® OCH,
(g) °C D Cale. 35.2 %
1 (0.37) 102—104 1.4439 33.9
2 (2.06) 105—106 1.4456 34.8
3 (0.64) 107—108 1.4464 34.7

The yield (all fractions) was 3.07 g (87 %) of XI (colorless liquid). A portion of frac-
tion 2 was also analyzed for carbon and hydrogen.

CoH;00,(OCH,), (176.2) Cale. C 54.5 H 9.2
Found » 54.7 » 9.2

Hydrogenation for 20 hours did not change the yield or the quality of the reaction
product.

Furfural cyanohydrin acetate (XIII). This compound was prepared from furfural
(96 g) after the directions of Lukes, Kastner, Gut and Herben®’. The yield was 122 g
(714 %) (b.p.,., 67—68°, n; 1.4683); previously found® b.p., 115°. Two crystallizations
from ether gave white crystals, m. p. 27—29°.

CsH,0,N(COCH;) (165.1) Calc. C 582 H 43 N 8.6 COCH, 26.1
Found » 680 » 44 » 8.0 » 26.3

2,5-Dimethoxy-2- (a-hydroxy-f-aminoethyl )-2,5-dihydrofuran (XIV ). XIII (33.0 g,
0.20 mole) and acetic anhydride (200 ml) were shaken (2 hr) with Raney nickel (4.0 g)
under hydrogen (100 atm, 50—58°). After filtration the solvent was evaporated in a
vacuum, finally under 0.1 mm at 55— 60°. The residue was dissolved in methanol (250 ml),
ammonium bromide (5.0 g) was added and the mixture electrolyzed with the set-up descri-
bed previously? for the electrolytic methoxylation of furan.

Potential across
Time Current the cell during ﬁgezg n};ogft"s '_[;;mﬁleera;:lll'e
hr amp electrolysis theoI:'etical amount °C
volt
0.1 3.0 4.9 0.3 (3 %) —13
0.5 2.9 4.8 1.5 (14 %) —13
1.0 2.7 4.7 2.9 (27 %) —14
3.5 2.3 5.3 9.2 (86 %) —14
4.8 1.9 5.6 11.8 (110 %) —14
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22 POUL NEDENSKOYV ET AL,

After electrolysis the liquid was poured into a solution of sodium methoxide (from
5.8 g of sodium in methanol (70 ml)) and the methanol and the ammonia evaporated in &
vacuum. Sodium hydroxide (3 N, 200 ml) was added, the mixture heated under reflux
(20 hr), continuously extracted with ether and the etheral solution distilled. The yield
was 14.5 g (38 9% based upon furfural cyanohydrin acetate) of XIV (colorless liquid, b.p.e.1
91—93°, ny 1.4836). ‘

CH,O,N(OCH,), (189.2) Cale. C 50.8 H 8.0 N 7.4 OCH, 32.8

Found » 509 » 82 » 7.6 » 323

pure by crystallization from ether (white crystals, m.p. 64—67°).

P
C.H,0,N(COCH,), (211.2) Calc. C 569 H62 N
Found » 56.8 » 6.1

COCH, 40.8

In a separate experiment 2-(a-acetoxy-g-acetamidoethyl)-furan (XTII) was isolated
6.6
» 6.5 » 39.8
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A New Synthesis of Pyridoxine

NIELS ELMING and NIELS CLAUSON-KAAS

Centrallaboratoriet, Sadolin & Holmblad A[S, Copenhagen, Denmark

A new synthesis of pyridoxine from 2-(a-acetamidoethyl)-3,4-
bis(acetoxymethyl)-furan is described.

A new method for the preparation of 3-pyridols from N-acyl derivatives
of 2-(a-aminoalkyl)-furans has recently been described!. The furan was
first electrolytically methoxylated to the corresponding 2,5-dimethoxy-2,5-
dihydrofuran and the latter was then heated under reflux with dilute hydro-
chloric acid to give the desired 3-pyridol. In order to obtain a good yield of the
pyridol certain acyl derivatives required alkaline hydrolysis of the amide group
prior to treatment with hydrochloric acid. The method was used for the pre-
paration of 3-pyridol (I) and 2-methyl-3-pyridol (II) from various acyl deriva-

tives of furfurylamine (IIT) and 2-(xz-aminoethyl)-furan (IV).
Py
—NH

- s-a-
Electrolysis J<C
ﬂ—()H—NH-—Acyl > MeO— [
\0 | in MeOH H—NH-—Acyl HO, B0
IIT (R=H) ) I (R=H)
IV (R=CH,) II (R=CH,)
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24 ELMING AND CLAUSON-KAAS

We have used the above method for a synthesis of pyridoxine (2-methyl-4,5-
bis(hydroxymethyl)-3-pyridol) (V) from 2-(z-acetamidoethyl)-3 4-b1s(a.cet-
oxymethyl)-furan (VI). The overall yield of the three-step synthesis without
isolation of the intermediate dimethoxydihydrofurans was 76 %,

CH,0H
AcOH,C  CH,0Ac h
l |

1. Electrolysis in MeOH HOH,C—, 7 \ —OH

2. NaOH, H,0
o cH 3. HCl, H,0
— Uk, > —CH,
o’ | 76 % N
NHAc
VI ‘ v

VI was prepared from furan by the sequence of standard reactions shown
below. The structure of compounds VI and VIII—X follows from their method
of preparation and from analyses.

EtOOC COOEt AcOH,C CH,0Ac
Alder-Rickert
rea.ctmn LiAlH,, Ac,O Ac,O, BF,
Y ey Tamg o No/ 72 9
VII VIII

AcOH,(lJ (Im,OAe AcOH,C  CH,0Ac
I

| ]

NH,0H " H,, Raney Ni, Ac,0
0—CH, ? cH, _» VRTINS w1

_ _NHLOH _
0/ 920 % YA 919
N
: |
IX X OH
EXPERIMENTAL

Microanalyses by Ernst Boss and Kirsten Glens

3,4-Dicarbethoxyfuran (VII)* Furan (13.0 g, 0.19 mole) and diethyl acetylene-
dicarboxylate (29.0 g, 0.17 mole) were mixed and heated (100°, 18 hr) under hydrogen
(about 140 atm). After cooling acetone (120 ml) and 10 % palladium charcoal (0.22 g)
were added and the mixture shaken (1 hr) under hydrogen (156—20 atm). The catalyst
was removed by filtration and the filtrate distilled in a vacuum, whereby & pale-yellow
liquid (28 g, b. pP.s-15 1568—198°) was obtained. Redistillation th.rough a short packed
column gave 22.4 g (62 %) of VII (colorless liquid, b. p.;s 154—157°, nD 1.4690, previously

found? b. p.;; 140—165°). (Found: C 56.8; H 6.0; OC,H; 42.2. Cale. for CsH,05(OCyHj),
(212.2): C 56.6; H 5.7; OC,H; 42.5).
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3,4-Bis (acetoxymethyl )-furan (VIII ). 3,4-Dicarbethoxyfuran (3.18 g, 0.015 mole)
in dry ether (15 ml) was added dropwise (10 min) to a stirred mixture of lithium aluminum
hydride (0.69 g, 0.018 mole) and dry ether (20 ml). Stirring was continued for 5 minutes.
Acetic anhydride (20 ml) was added during 5 minutes. The reaction flask was placed in an
oil-bath and the temperature of the bath gradually raised to 110° whereby the ether
distilled. The temperature of the bath was then maintained at 115—120° for 3 hours.
After cooling, ether (40 ml) was added, the mixture filtered and the ether distilled. Distil-
lation of the residue gave 2.63 g (83 %) of VIII (as a colorless liquid, which crystallized on

cooling (b. p.o.1 88—90°, n’; 1.4672, m. p. 29— 31° (Hershberg apparatus, corr.)). (Found:

20566.9; H 5.9; COCH; 40.0. Cale. for CsHgO3(COCHs), (212.2): C 56.6; H 5.7; COCH, .
.6).
After crystallization from ether the m. p. was raised to 30—32°.

2-Acetyl-3,4-bis(acetoxymethyl)-furan (IX ) 3. VIII (22.0 g) was dissolved in acetic an-
hydride (25 ml) and a solution of boron fluoride etherate (1.3 ml) in acetic anhydride
(20 ml) was added in one portion with stirring. The temperature rose to 40°. The mixture
was heated to 85 —90° and maintained at this temperature for 10 minutes. After cooling,
water (40 ml) was added and stirring continued for 10 minutes. The dark-brown mixture
was extracted with 80 ml and then with 50 ml of ether. The etheral extracts were washed
with water, potassium hydrogen carbonate (2 M), water and dried. Distillation gave
18.9 g (72%) of IX (almost colorless liquid, b. p.o.1 127—129°, m. p. 48—51°). (Found:
C 56.9; H 6.0; COCH, 32.2. Calc. for C,I%O.(COCH,), (254.2): C 56.7; H 5.6; COCH, 33.9).
After crystallization from ether the m. p. was raised to 51—53°.

2-Acetyl-3,4-bis (acetoxymethyl )-furan oxime (X ). IX (18.5 g), anhydrous sodium
acetate (8.2 g) and hydroxylamine hydrochloride (6.2 g) were mixed and heated under
reflux (5 h) with ethanol (80 ml). The hot mixture was filtered and the ethanol evaporated
in a vacuum. There remained an almost colorless liquid, which crystallized to a white
solid after addition of water and cooling. Filtration, washing with water and drying gave
17.6 g (90 %) of X (m. p. 78—81°). (Found: C 53.6; H 5.9; N 5.4; COCH,; 32.4. Calc. for
C.H,O,N(COCH,), (269.3): C 53.5; H 5.6; N 5.2; COCH; 32.0).
After crystallization from ether the m.p. was 79—81°.

2- (a-Acetamidoethyl )-3,4-bis (acetoxymethyl )-furan (VI). X (2.50 g) and acetic
anhydride (20 ml) were shaken (1 hr) with Raney nickel (0.4 g) under hydrogen (100 atm,
70—80°). After filtration, the solvent was evaporated in a vacuum, finally under 0.1 mm
at 60—70°. The residue was shaken with anhydrous ether (20 ml) whereupon white crys-
tals were formed. About 10 ml of ether was distilled, the crystals were removed by filtra-
tion, washed twice with ether and dried. The yield was 2.62 g (91 %) of 2-(a-acetamido-
ethyl)-3,4-bis(acetoxymethyl)-furan (white crystals, m.p. 92—94°). (Found: C 56.3;
H 6.4; N 4.5; COCH, 42.5. Calc. for C;H,,0sN(COCH,); (297.3): C 56.6; H 6.4; N 4.7;
COCH,; 43.4).

After crystallization from benzene-ether the m. p. was raised to 95—96°.

In another experiment the reaction product was isolated by distillation (yield 79 %,
b. p. 170—190° at about 0.1 mm). The pale-yellow liquid crystallized after standing for
some days. Crystallization of 500 mg from ether gave 350 mg of white crystals, m. p.
65— 68°, which were readily soluble in ether. (Found: C 56.5; H 6.6; N 4.7; COCH; 42.4).
Another crystallization from ether gave 280 mg, m.p. 66—68°.

An etheral solution of this product was seeded with the product from the first experi-
ment (m. p. 95— 96°) whereupon white crystals, m. p. 95— 96°, which were slightly soluble
in ether, were obtained. .

VI may thus crystallize in two forms, of which the higher melting, slightly soluble
form is apparently the one usually obtained.

Pyridoxine (V). VI (2.50 g) and ammonium bromide (300 mg) were dissolved in

methanol (20 ml) and the solution electrolyzed with the set-up described previously ¢
(temperature of cooling-bath —21°).
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Potential across

Time Current the cell during Ampere hours

hr amp electrolysis (per cent of theoreti

volt amount)

0.1 0.7 6.2 0.07 (16 %)
0.3 0.7 6.3 0.20 (44 %)
0.6 0.7 6.3 0.30 (67 %)
0.8 0.6 6.5 0.50 (110 %)

After electrolysis, the liquid in the cell was yellow. The liquid was poured into a
solution of sodium methoxide (from 468 mg of sodium) in methanol (5 ml) and the methanol
and the ammonia evaporated in & vacuum. Sodium hydroxide (3 NV, 8.5 ml) was added,
the mixture heated under reflux (21 hr) and then continuously extracted with ether
(48 hr). The ether was evaporated in a vacuum and the residue heated under reflux
(20 min) with hydrochloric acid (N, 15 ml). The mixture was eva ted to dryness in
a vacuum and the residue was crystallized from 99 % ethanol. The yield was 1.19 g
(69 9%) of pyridoxine hydrochloride (white crystals, mo.dp. and mixed m. p. with authentic
pyridoxine hydrochloride 207 —209° (dec.)). The product was- further characterized by
the infrared absorption spectrum, which was identical over the whole ra.nge with that of
pzyridoxine hydrochloride. (Found: C 46.9; H 6.0; N 6.8; Cl1 17.4. Cale. for CgH,,0,NC1
(205.6): C 46.7; H 5.9; N 6.8; C1 17.2).

From the mother liquor a further 100 mg of pyridoxine hydrochloride (6 %) was obtai-
ned (almost white crystals, m. p. 206 —208° (dec.)). (Found: C 46.8; H 5.9; N 6.8; C1 17.3).

The extraction with ether was continued for 24 hours and the extract worked up as
above. The yield was 20 mg (1 %) of pyridoxine hydrochloride (white crystals, m. p.
207 —209° (dec.)). (Found: C 47.0; H 5.9; N 6.6; Cl 17.3).

The total yield of pyridoxine hydrochloride was thus 1.31 g (76 %).
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Preparation of Certain Methjrl Polyhydroxybenzoates
from Methyl Furoate

NIELS CLAUSON-KAAS and POUL NEDENSKOYV

Centrallaboratoriet, Sadolin & Holmblad A[S, Copenhagen, Denmark

The methyl esters of 2,3-dihydroxybenzoic acid (VII) and 2,3,6-
trihydroxybenzoic acid (IV) have been prepared from methyl
furoate (I).

Fumns with suitable substituents in the 2-position may be transformed
into other systems with aromatic character by methoxylation to cyclic
acetals of 1,4-dicarbonyl compounds, followed by intramolecular condensation
in acid solution! ¢. Further application of this principle has led to the prepara-
tion of the methyl esters of 2,3-dihydroxybenzoic acid (VII) and of 2,3,6-tri-
hydroxybenzoic acid (IV) from methyl furoate (I) by the reactions shown below.
A small amount of the free 2,3-dihydroxybenzoic acid (VIII) was also isolated.

OH
MoO l J< CH,,COOMe, N& J< H,o, HCI LMOH
COOMe 69% CO—CH,—COOMe 57% 0OMe

.r, & OH
2
Electro- 578
lysis in | 68% % XNy v
MeOH o
l OMe  ¢H,COOMe, Na OMe
/—COOMe MeO-—\ —_— 3 MeO—
o 07 “COOMe 69 % o 0 —CH,—COOMe
' VI
H,0, H,80
it ﬁ ] (69 %) and |L ] L ®%
OMe

VIIXI
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Compounds III, IV and VI are new. Their structures follow from the
syntheses and from analyses. The structure of IV was confirmed further by
transformation into the known triacetate (X) of hydroxyhydroquinone (IX).
With the preparation of the methyl ester of 2,3,6-trihydroxybenzoic acid
(IV), all the six theoretically possible trihydroxybenzoic acids have been prepa-
red, either as esters or as free acids.

0OH OH oH OAc
OH 3N HCl ) OH —Co, —OH AcyO, pyridine [ \—OAc
COOM g ‘ COOH 5 3o
/ (<] — O \ / A) /
OH OH OH OAc
v IX X

EXPERIMENTAL

Microanalyses by Ernst Boss and Kirsten Glens

2,5-Dimethoxy-2,5-dihydro-2-furoyl acetic acid methyl ester (III) (cf5). II® (51.7 g,
0.275 mole) is placed in & 0.5-liter three-necked flask fitted with a Hershberg stirrer, a
dropping funnel and a reflux condenser and heated with stirring to 90°. 0.7 mm sodium
wire (18.5 g, 0.81 mole) and methyl acetate (60.7 g, 0.82 mole) are added at 30 — 60 minu-
tes intervals in six portions of equal size. During each addition of sodium the stirrer is
stopped. As the reaction mixture becomes more and more viscous, benzene (70 ml in all)
is added. After the reaction, methanol (30 ml) is added dropwise to remove residual
sodium and the mixture left standing with stirring and heating over-night. The solution
is cooled to —10° and poured in one portion with efficient stirring into & mixture of con-
centrated hydrochloric acid (90 g, 0.89 mole) and 170 g of cracked ice. The dark brown
mixture is extracted rapidly with cold ether (500 + 100 + 100 ml) and the etheral solu-
tion washed with a 2 M solution of potassium hydrogen carbonate (300 ml) and dried
with magnesium sulfate. The ether is removed by distillation and the residue distilled
further under 0.1 —0.2 mm from an oil bath (60—120°). After a fore-run of methyl aceto-
acetate, 43.4 g (69 %) of III is obtained [slightly yellow oil, b. p. 87 —114° (main portion
104--114°), n; 1.4588]. (Found: C 52.6; H 6.3; OCH,; 39.4. Calc. for C;H;O3(OCH;),
(280.2): C 52.2; H 6.1; OCH, 40.4). :

2,3,6-Trihydroxybenzoic acid methyl ester (IV ). III (2.30 g) was shaken for 10 minutes
with hydrochloric acid (0.1 N, 20 ml) under carbon dioxide. Hereby a homogeneous solu-
tion was obtained, which was left standing for 8 days. A light-violet precipitate was
removed by filtration, washed with water and dried. The yield was 1.05 g (567 %) of IV
[m. p. 131—-135° (Hershberg apparatus, corr.)]. (Found: C 52.4; H 4.4; OCH,; 16.8.
Cale. for C,H;0,(0OCH,) (184.1): C 52.2; H 4.4; OCH; 16.9).

The product gave a reddish-brown ferric chloride reaction. After two crystallizations
from methanol-water the m. p. was raised to 138°. Further crystallization did not change
the m. p.
2,5-Binwthoxytetmhydro-2-]m'oyl acetic acid methyl ester (VI ). This compound was
prepared from 2,5-dimethoxy-2-carbomethoxy-tetrahydrofuran® (28.5 g) and methyl
acetate (34.1 g) as described above for the preparation of III. The yield was 24.0 g
(69 %) of VI (light-yellow liquid, b. p.q.1-0.2 98—99°, ‘n; 1.4559). (Found: C 52.8;
H 17.3; OCH, 38.8. Calc. for C,H,0,(0OCH,), (232.2): C 51.7; H 6.9; OCH; 40.1).

2,3-Dihydroxybenzoic acid methyl ester (VII ) and 2,3-dihydroxybenzoic acid (VIII ).
VI (1.00 g) was heated under reflux (15 min) with sulfuric acid (0.1 NV, 5 ml). After cooling,
a precipitate was removed by filtration, washed with water and dried. The yield was
500 mg (69 %) of VII (almost white crystals, m. p. 73—174°). (Found: C 56.9; H 5.0;
OCH, 17.1. Cale. for C;H,04(0OCHy) (168.1): C 57.1; H 4.8; OCH, 18.5)
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The product gave a blue ferric chloride reaction. After crystallization from benzene-
petroleum ether the m. p. was raised to 77—78° (previously found? 78—79°).

The mother liquor was heated further under reflux (10 min) and continuously extracted
with ether. Herell_)ly 50 mg (8 %) of VIII was isolated (white crystals, m. p. 204—205°).
(Found: C 54.7; H 4.1. Cale. for C;H O, (154.1): C 54.6; H 3.9).

The product gave a violet ferric chloride reaction. After crystallization from benzene
the m. p. was raised to 207° (previously found & 206°).

Hydroxyhydroguinone triacetate (X ). IV (300 mg) was heated under reflux (3 hr)
with hydrochloric acid (3 N, 10 ml) in an atmosphere of nitrogen. The solution was
extracted with ether (15 + 15 ml), the etheral solution dried with magnesium sulfate and
the ether distilled. The oily residue was heated under reflux (10 min) with a mixture of
acetic anhydride (3 ml) and pyridine (3 ml). The reaction mixture was evaporated to
dryness under 0.5 mm on a water-bath (60°) and the oily residue dissolved in ether (15
ml). The etheral solution was purified with carbon black and most of the ether removed
by distillation. Hereby 95 mg (23 %) of X crystallized (white crystals, m. p. 86—88°).
(Found: C 56.4; H 5.0; COCH, 51.0. Cale. for C,H;04(COCH;), (252.2): C 57.1; H 4.8;
COCH, 51.2).

The infrared spectrum of the product was identical with that of an authentic sample.
After crystallization from benzene-petroleum ether the m. p. was raised to 95° (previously
found * 96—97°). :
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Some New Cyclic Hydroxamic Acids

JORGEN TORMOD NIELSEN, NIELS ELMING and
NIELS CLAUSON-KAAS

Centrallaboratoriet, Sadolin & Holmblad A(S, Copenhagen, Denmark

A com%c;und prepared from 2-acetylfuran and previously ? claimed
by us to 2-methyl-3,6-pyridinediol-1-oxide (IV) we now believe
to be the tautomeric h xamic acid 1,5-dihydrox£6-methyl-2-
pyridone (III). Three similar cyclic hydroxamic acids have beemn
prepared from methyl furoate (VII and IX) and furfural (XII),
respectively.

e have recently found ! that 2-acetylfuran (I) may be transformed by a

two-step reaction into a compound, which was formulated as 2-methyl-
3,6-pyridinediol-1-oxide (IV). Having become acquainted with experiments by
Shaw, etal.2 5, on certain cyclic hydroxamic acids related to the antibiotic
aspergillic acid, we now think that our compound, rather than being a 2-
hydroxypyridine-1-oxide, is the tautomeric hydroxamic acid 1,5-dihydroxy-6-
methyl-2-pyridone (III). K

1. Ketalization
2. Electrolysis NH,OH, HCl
in MeOH - OMe in H,0
—Me —— 5 MeO —_————
0 649 o (OMe)y—Me 89 9%

I II
L
O:LN J-Me HOLN /——Me
I 4
OH (0]
111 v

The new reaction has been used for the preparation of two more hydroxamic
acids (VII and IX) by the reactions shown below. Compounds VI—IX are
new. Their structures follow from the syntheses and from analyses.
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- ar
NH,0H, HCl
OMe in H,0—MeOH
MeO—L_ BT o
0/ \CO-(n—CHy  12% —\’f )
OH
o VI
NH,0H, HCl
T N “-:
|
OH
VIII x

The corresponding unsubstituted hydroxamic acid (1,5-dihydroxy-2-pyri-
done) (XII) has also been prepared though under somewhat different reaction
conditions. One might expect any easily hydrolyzable derivative of 2-cis-
pentene-1,5-dial-4-one (XI) to react with hydroxylamine hydrochloride to give
(XII). 2,5-Dimethoxy-2-dimethoxymethyl-2,5-dihydrofuran ¢ (X) gave, how-
ever, only a dark reaction mixture, from which no XII could be isolated.
The mixture nevertheless gave a strong violet ferric chloride reaction indicating
that a small amount of XII actually was formed.

— : N

; —O0H
| OMo H,0, HCl [ CH=CH NH,0H l ‘
Mo /<c —— || | — > 0—
- 0 H(OMe), N

CHO CO—-CHO |
OH

X XI XII

A good yield of XII was obtained by using 2,5-dimethoxy-2,5-dihydro-
furfural 7 (XIV) as a starting material. A methanolic solution of this com-
pound was prepared from 2,5-dimethoxy-2-diacetoxymethyl-2,5-dihydrofuran
(XIII), the solution treated with hydroxylamine and the reaction product
hydrolyzed and condensed to XII. Probably the reaction proceeds through the
oxime XV or its equivalent, the initial attachment of the hydroxylamine mole-
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oule to the organic molecule thus taking place at one of the ends of the chain
Hof carbon atoms as requlred for the formation of XII.

l OMe CH,ONs, MeOH NH,OH, MeOH
« —_— MeO —_—

H(OAc),

1
H

XV XII XVI

The structure of the new hydroxamic acid XiI was proved by catalytic
hydrogenation to the known 5-hydroxy-2-piperidone XVI.

EXPERIMENTAL

Tg

~ Microanalyses by E. Boss and K. Glens

. 2 5-Dzmthozy 2- (a-oxo-n-heptyl )-2,6-dihydrofuran (VI ), An ethera.l solut.lon of
n-hexylmagnesium bromide [from n-hexyl bromide (36.0 g, 0.22 mole) and 70 ml of ether]
was added at —60° to a solution of V® (37.6 g, 0.20 mole) in 150 ml of ether. A saturated

sblution of ammonium chloride (32 ml) was added at 5° and the etheral solution removed
by decantation. The residue was extracted twice with 35 ml of ether.  Distillation of the
combined etheral solutions through a 5 cm column ° first gave a forerun (13 g, b.p.y,
68—157°) conslstmg mainly of V, and then 9.1 g (19 %) of VI (almost colorless liquid,

b.p.yy 167—159°, nD 1.4483). (Found: C 64.6; H 9.0; OCH, 25.6. Calc. for C,;H;405(OCH,),

(242.3): C. 64.4; H 9.2; OCH,; 25.6).

About 15ml of & hliher boiling residue, consisting mainly of the corresponding tertiary
alcohol, remained in the distillation flask.

1,5-Dihydroxy-6- (n-hexyl )-2-pyridone (VII). VI (1.21 g, 0.0050 mole) was dissolved
in methanol (3 ml) and the solution added to & solution of hydroxylamine hydrochloride
(0.44 g, 0.0063 mole) in methanol (3 ml) — water (2.5 ml). After standing (17 hr) the
light-brown reaction mixture was evaporated to dryness in a vacuum from a water bath
(25°). The residue was dissolved in ammonium hydroxide (20 %, 4.0 ml) and continuously
extracted with ether. The etheral solution was evaporated to dryness and the residue

crystallized from ether. The yield was 126 mg (12 %) of VII [almost white crystals,
m.p. 86—88° (Hershberg agp , corr)]. The crystals gave a strong violet ferric chloride
reactmn (Found: C 62.8; H 8.4; N 6.5. Calec. for C,,H;;0,N (211.3): C 62.56; H 8.1; N 6.6).
' 2,5-Dimethoxy-2- [a-oxo-a- ( c'yclohc:cyl )-methyl]-2,5-dihydrofuran (VIII ) This com-
pound was prepared from cyclohexyl bromide (24.0 g) and V (256.0 g) as described for the
preparation of VI. The yield was 10.2 g (32 %) of VIIL (almost eolorless liquid, b.p.s

160—162°, nD 1.4732). (Found: C 64.8; H 8.2; OCH, 25.8. Calc. for C,,H,‘O,(OCH,),
(240 3) C 65.0; H 8.4; OCH; 25.8).

.
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1,5-Dihydroxy-6-cyclohexyl-2-pyridone (IX ). This compound was prepared from
VIII (1.20 g) as described for the preparation of VII. The crude product was crystallized
from methanol-ether. The yield was 286 mg (27 %) of IX (almost white crystals, m.p.
180—182°). The crystals gave a strong violet ferric chloride reaction. (Found: C 62.9;
H 7.4; N 6.5. Cale. for C,,H;;0;N (209.2): C 63.1; H 7.2; N 6.7).

1,5-Dihydroxy-2-pyridone (XII). XIII (500 mg, 0.0019 mole) was dissolved in
methanol (2.0 ml) and the solution added to a solution of sodium methoxide [from 44 mg
of sodium (0.0019 mole) in methanol (1.0 ml)]. After standing for 15 minutes a solution’
of hydroxylamine hydrochloride (0.16 f’ 0.0023 mole) and anhydrous sodium acetate
(0.050 g) in methanol (2.0 ml) was added, the mixture left standing for 20 minutes and a
precipitate of sodium chloride removed by filtration. The almost colorless filtrate was
heated under reflux (8 min) and then evaporated in a vacuum from a water bath (30— 40°)
to about 1 ml. Water (1 ml) and then N hydrochloric acid (2.5 ml) were added and the
solution left standing for 10 minutes. A precipitate of white crystals of XII was removed
by filtration and washed with water, ethanol and ether. The yield was 164 mg (68 %);
m.p. in an evacuated tube 216 —225° (dec.). Crystallization from ethanol gave 138 mg
(87 %), m.p. 2156—223°, The product gave a strong violet ferric chloride reaction. (Found:
C 47.3; H 4.2; N 10.8. Calc. for C;H;O,N (127.1): C 47.3; H 4.0; N 11.0).

In a similar experiment starting from 2,5-dimethoxy-2,5-dihydrofurfural (XIV)
(600 mg) practically the same yield of XII (330 mg = 69 %) was obtained. (Found:
C 46.9; Hp4.2; N 10.8).

In an attempt to pre(f)a.re XII from 2,5-dimethoxy-2-dimethoxymethyl-2,5-dihydro-
furan (X), X (0.41 g) and hydroxylamine hydrochloride (0.21 g) were dissolved in water
(7 ml) and the solution left standing over-night. The next day the dark reaction mixture
gave a strong violet ferri¢ chloride reaction but’isolation of pure XII failed.

5-Hydroxy-2-piperidone (XVI). XII (0.47 g) and anhydrous methanol (25 ml)
were shaken (1 hr) with Raney nickel (0.2 g) under hydrogen (100 atm., 100°). The Raney
nickel was removed by filtration and the filtrate evaporated in & vacuum. The crystalline
residue was crystallized from methanol-ether. The yield was 0.29 g (68 %) of XVI
(almost colorless crystals, m.p. 144—146°, previously found 145—146°1% 1), (Found:
C 51.9; H 7.7; N 12.0. Cale. for C;H,0,N (115.1): C 52.2; H 7.9; N 12.2.)

Recrystallization from methanol-ether did not change the m.p. .
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Studies on the 7e-Hydroxylation of Taurodesoxycholic Acid
in Rat Liver Homogenates. Bile Acids and Steroids 18

SUNE BERGSTROM and URS GLOOR

Department of Physiological Chemistry, University of Lund, Lund, Sweden

Fractionation ofrat liver homogenate into a particle free supernatant
(1 br, 100000 x g) and a crude residue containing microsomes,
mitochondria efc. has been carried out. It is shown that the particle-
free medium is capable of hydroxylating taurodesoxycholic acid in
the 7 a-position yielding taurocholic acid.” About 40 9%, of the amount
hffd.roxylated in total homogenates is hydroxylated by supernatant
alone.

The addition of ATP greatly stimulates the hydroxylation. Super-
natant from 1 g liver can hydroxylate almost 1 mg of taurodesoxy-
cholic acid in 2 hours. Versene increases the yield at a certain concen-
tration range but inhibits in greater concentrations.

The conversion of desoxycholic acid into taurocholic acid has been de-
monstrated to occur in the rat ¢n vivo! as well as ¢n vilro in liver slices 2
and homogenates 345, We are now presenting some results of experiments
on the 7a-hydroxylation of taurodesoxycholic acid-24-1C in rat liver homoge-
nates. These homogenates have also been fractionated and the effect of dif-
ferent additions on the hydroxylation has been investigated.

EXPERIMENTAL

Taurodesoxycholic acid-24-4C was prepared according to Bergstrém and Norman ¢
from desoxycholic acid-24-1C?. We are indebted tc Dr. A. Norman and fil.kand. K. Pédbo,
respectively, for preparing these compounds.

The method used for paper chromatography of free and conjugated bile acids has been
described by Sjovall ® and the measurement of the radioactivity of the paper strips has
been described earlier 3. The homogenizing technique used has been described earlier but
we have now used the medium proposed by Bucher %»* with only minor changes. One
litre of the medium contained 10.8 g of monobasic potassium phosphate, 3.2 g of potassium -
hydroxide, 1 g of magnesium chloride (6 H,0) and 3.8 g of nicotinic acid amide. The pH
was 7.5 + 0.1. The incubation vessel, a small pyrex test tube containing 1 ml of homo-
genate or homogenate fraction with the additions indicated was shaken in a water bath
at 37° for 2 hours. The reaction was stopped by the addition of five volumes of ethanol
and the resulting mixture was filtered and worked up as described earlier 3.
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The crude homogenates were centrifuged in & fprecooled tube of an ordinary centrifuge
at 400 x g for 10 minutes, yielding what is referred to as "total homogenate’ in the
following. To prepare a particle-free supernatant of this homogenate it was centrifuged
at 100 000 x g for 60 min. in a preparative Spinco ultracentrifuge. The fatty top layer
was then carefully pipetted off and the rest of the supernatant used for the incubations.
In some experiments the whole sediment (mitochondria, microsomes, ’fluffy” layer) was
stirred up in the appropriate amount of homogenizing medium and used without further
differentiation and is referred to as >’crude residue”. The supernatant contained about
2 mg of nitrogen per ml (corrected for the content of nicotinamide) whereas the total
homogenate contained about 3.4 mg of N per ml.

RESULTS

The total homogenate was first separated into sediment and particle-free
supernatant at 100 000 X g. The 7a-hydroxylation of taurodesoxycholate to
taurocholate and the conjugation of cholic acid with taurine was then investiga-
ted with the supernatant and with the resuspended sediment.

The results of 4 representative experiments of each type are shown in
Tables 1 and 2.

Table 1. 7a-hydroxylation of 50 ug taurodesoxycholic acid-24-*C in rat liver homogenate
and fractionsthereof. 1 ml incubation medium corresponding to about 200 mg rat lLiver
fresh weight. Incubation: 2 hours; pH 7.5; air.

Expt. No. Hydroxylated amount in ug
total supernatant total supernatant
homogenate sediment + total sediment
1 22 16 8 22
2 13 6 9 26
3 35 9 7 41
4 38 12 6 24
Average values 27 10.8 7.5 28

Table 2. Conjugation of cholic acid with taurine tn rat liver homogenate and fractions
thereof. 1 ml incubation medium corresponding to about 200 mg of liver fresh weight. Each
vessel contained 50 ug of cholic acid, no other additions. 2 hrs 37° in air, pH = 7.5.

Expt. No. Taurocholic acid_formed in ug
total supernatant total supernatant
homogenates sediment + total sediment
1 39 7 7 29
2 38 6 9 38
3 38 6 7 41
4 41 6 3 42
Average values 39 6.3 6.5 38
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.ng 1. Effect of increasing amounts of ATP on 7 a-hydroxylation of taumdesoa:ycholate
24-1C, (0.2.mg ). Reaction time: 2. hours at 37°, air. '

These results show that the supernatant without any additions has approxi-
mately 40 9, of the hydroxylating capacity of the total homogenate whereas
the conjugation only ocourred to about 15 9, of that of the total homogenate
‘or of the recombined fractions. ‘Further data on the conjugation of bile acids
in fractionated liver homogenates are being published by Bremer 18,

The effect of adenosinetriphosphate (ATP) on hydroxylation is illustrated
in Fig. 1. In this experiment one ml of the supernatant hyd.roxyla,ted about
22 ug taurodesoxycholate whereas this amount mcreased to a maximum of
134 ug after addition of 2 mg of ATP.

The effect of ATP on the hydroxylation was more marked in the superna-
tant than in the total homogenate where presumably the structural element
contains both energy yielding and consuming systems. In one experiment
similar to that shown in Fig. 1, 5 mg of ATP caused a seven fold increase to

150

]
S

mg Taurocholic acid formed

! 2 3Img Versene 5

Fig. 2. Effect of versene on hydroa:ylatwn of taurodesoxycholate Each ve&sel ‘Rat liver
supernatant (1 ml) + taurodesoxycholic acid-24-*C + ATP (1 mg). Incubation 2 hours
at 37° i air.

Acta Chem. Scand. 9 (1955) No.'1



BILE ACIDS AND ST‘EROID‘S 18 37

Table 3. Influence of ATP, DPN and fumarate on 7 a-hyd/roa:ylazwn of taurodeaoxycholate
(50 pg) in 1 -ml of supernatant. Incubation at 37° n air for 2 hours.

ug taurocholic acid

. found
Total homogenates o © 19
Supernatant 17
»  + 2 umoles ATP i 37
» + 1 pmole DPN 15 ‘ L
» mole fumarate 14 -
» N + fumarate 13
» + ATP + DPN 36
» " 4+ ATP + fumarate 35
»

- + ATP + DPN + fumarate 34
188 ug of hydroxylated product in 1 ml of the supernatant whereas the ‘total
homogenate only reached 92 ug with the same addition.

We found earlier that the hydroxylating system is very sensitive to some
heavy metal ions, and have therefore investigated the influence of a chelating
agent, versene, i. e. ethylenediamine tetraacetic acid.

A typical experiment is shown in Fig. 2 in which increasing amounts of
versene were added to 1 ml of the supernatant to which, furthermore, 2 mg of
ATP had been added.

There was almost a doubling of the yield after the addition of 1 mg (3
pmoles) of versene but larger amounts rapidly caused an almost complete in-
hibition. Sweat 13 reported some inhibition of the 11 g-hydroxylase with
versene.

The effect of fumarate and diphosphopyridine nucleotide (DPN) either
alone or in combination with ATP is shown in Table 3. From these results it
can be concluded that in the present system ATP is the only compound
showing any noticeable effect. Some experiments with addition of TPN,
reduced DPN and cytochrome ¢ did not cause any noticeable changes in the
results. Work is now in progress to fractionate the supernatant in order to
facilitate further studies of the enzymic mechanisms involved.

The 7 e-hydroxylase system studied is thus contained mainly in the particle-
free supernatant and the activity is greatly stimulated by ATP.

This is thus at variance with the 11 a-hydroxylase 12-13 from adrenals that
has been shown to be contained in the particles isolated between 2 000 X g and
19 000 X g 13 or at 5 000 X g4 whereas the supernatant has been found to be
practically inactive in this respect.

The 17¢- and 21-hydroxylases are, however, apparently contained mainly
in the supernatant (cf.4, page 175, footnote 2).

This work is part of an investigation supported by »Statens Medicinska Forskningsrad”,
»Knut och Alice Wallenbergs Stiftelse”” and ”Magn. Bergvalls Stiftelse”.
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The Complex Formation between Iron(III)Ion and Some
Phenols. III. Salicylaldehyde, o-Hydroxyacetophenone,
Salicylamide and Methyl salicylate

ALLAN AGREN

Department of Chemistry, Royal Pharmaceutical Institute, Stockholm, Sweden

The complex formation between iron(III)ion and the following
phenolic substances has been investigated: salicylaldehyde, o-hydroxy-
acetophenone, salicylamide and methyl salicylate. All measurements
have been made at 25.0° + 0.1° C and in solutions with a concentration
of ClO,” of 3 000 mC. By potentiometric and photometric methods
the complexity constants, defined as follows have been determined

[H+1"[FeRy*-"]
[RH]"[Fe+3]

RH is the phenolic substance concerned. Further the molar extinctions
(1000 &,) have been determined. The results are listed in Table 12.

’y = (m=1or 2)

In the previous works in this series the complex formation between iron(III)-
ion and some chelating phenols have been studied, namely sulfosalicylic
acid 1, salicylic acid and p-aminosalicylic acid 2. In this work the complex
formation with salicylaldehyde, o-hydroxyacetophenone, salicylamide and
methyl salicylate is investigated. All these substances may give chelate
complexes with iron(IIT)ion.

Symbols used in the text (mC denotes millimoles/liter).
h = hydrogen ion concentration, mC.
] = concentration of substance indicated, mC.
= gtoichiometrical concentra.tion, mC.

__OH (\r
a 0.CH, _CO-NH, _)—C0 - OCH,

[Fet?]i—[Fe+?]
T et

extinction, em-!mC-1
extinetion, cm-1
complexity constant
complexity constants of the hydroxyl complexes Fe,(OH),,

oy i LIR 2x9s[Fo+2]

h h? h?
The signs for the electrical charges are omitted when there is no risk of confusion.

]
=

U

X pRme @
RN
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The complexes are formed according to the following equation
Fe+n RH =n H + FeR,

a.nd the complemty const&nts are defmed as follows
" h"[FeRn] RIS A s
?n [RH]‘[F ] ( ‘ . f) - R (l)

The same equa,tlons are valid whether or not chelates are formed In elther
case only one hydrogen ion is seét free per RH molecule.

In determmmg the complexity constants the same methods have been
used as in the previous works 1,2, However; in this investigation some complica-
tions are met with. The substances studied are only slightly soluble (5—15 mC)
in the medium used, 3 000 mC NaClO,, at 25° C. "Due to this only the lowest
complexes are formed, FeR and perhaps FeR,. More than two molecules R
per atom Fe have not been found. Due to the low complex forming tendency
and the low concentration of R the hydroxyl complexes of iron(IlI)ion have
been formed in higher amounts, appreciably influencing the caloulations.

In the potentiometric debermmatlons the followmg equatlon derived
before, has been used

(b——n )h
~[RH]
»’, which in the earlier mvestlgahons was & small correctlon term, is now of the
same order as b. This causes uncertainties in the results.

In the photometric determinations the following equations, also denved
before, have been used:

- [RH]. DT
% + LI + e (2)

(S B R 1 h 1 o RIS,

23.:"- A A : o f - + [RH] "181 . .. ) (3)

wiuch is- vahd When [Fe]t = [R]t =, and when only FeR is formed. in
measurable - amount. : :

. [Fe], _1 71» . RO

E, - + [RH] €%y - L ~(4)

[,Fe]g _ ho E—[Fe]eé_if % ‘

“E & TRHL T e @

Equations (4) and (5) are valid when {R]; )} [Fe).." Equ. (4) is used in a range
where only FeR is formed in measurable amount. Equ, (5) is used when FeR
and FeR, are formed, but no other forms of Fe are present.

Equations (3)—~—(5) were derived assuming that no a,ppreclable amounts
of hydroxyl complexes are formed. ,

Apparatus and chemicals. The same apparatus has been used ag in previous’ mvestxga-

" tions .

The preparation and quantitative ‘determination of Fe(ClO.),, Fe(ClO.), and NaCio;
have been described earlier.

Salmylaldehyde was purified as the bisulfite compound and by freezmg out o-Hydroxy-
acetophenone was made according to Rosenmund and Schnurr * by heating phenyl
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ZO»F ' o o

50 - o 100
b—x')h
Fig. 1. Salicylaldehyde. Potentiometric determination of %, and xs. ( [RH% — 3. DZH]f
o) :tFe(III) = 0.1051 mC, O: Fe(III) = 0.0496 mC. L

i

acetate and water:free AlCl;. The raw product was purified by steam dlstlllatlon This
product was colourless. The salicylamide used had a ‘melting point. 138—139°C.-
The quality of the methyl salicylate used was controlled according to the Swedish
Pharmacopeia . Ed. XI. It contained no free acid.
All the solutions were made up by weight, and NaClO, added to a total concentra.tmn
of 3000 mC ClO,”. Under these conditions it is assumed that the actlwtﬁr factors are
constant and hence the concentrations may be used instead of activities in the eth'bna

SALICYLALDEHYDE

The complex formation between iron(I1I)ion and s&hcyla.ldehyde has been
studied by Herbst and coworkers * and by Broumand and Smith 5. They. haveé
shown, using the method of continuous variations ¢ that the complex is built
up from one molecule of salicylaldehyde per atom Fe. The complex formation
between salicylaldehyde and bivalent metals has been thoroughly investigated

o}
3 -
»
T
o
2 o
‘7
! ) 2

Pig. 2, Salwylaldek/yde Photomemc"detemwmtwn‘ of . [Fel/E wvs. h{[RH].
[R] = 6.664 mC, [Fe] ="0.696 mC.
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Table 1. Salicylaldehyde. Photometric determination of x,. [Fe), = 0.696 mC;
[R], = 6.664 mC
Extinction at wave length
h
400 450 500 550 600 650 700
1.012 0.828 0.562 0.740 0.845 0.661 0.422 0.242
4.708 0.500 0.327 0.452 0.513 0.419 0.265 0.155
6.604 0.461 0.300 0.392 0.458 0.363 0.237 0.133
8.740 0.398 [ 0.252 0.337 0.390 0.316 0.203 0.112
10.82 0.345 | 0.219 0.300 0.347 0.270 0.174 0.100
12.66 0.321 | 0.204 0.272 0.317 0.256 0.160 0.090
16.67 0.263 | 0.160 0.218 0.259 0.208 0.131 0.072

and it is generally assumed that a chelate is formed. Some of these metals
form complexes with 1 or 2 molecules of aldehyde per metal atom.

In the potentiometric investigation of this complex formation, this author
has shown that complexes with 1 and 2 molecules per atom Fe are formed.
However, the higher complex has such a low stability that it was impossible
to make a photometric investigation because only a very small fraction of the
complex-bound iron was contained in the form of the complex FeR, even when
[RH]/h was made as high as possible.

Salicylaldehyde is slightly soluble (ca. 10 mC) in 3 000 mC NaClO, at 25° C.
Thus, it was impossible to work with high concentrations of iron without the
OH-complexes becoming dominant. Only two concentrations of Fe(III)
have been studied in the potentiometric measurements. The results of these
experiments are shown in Fig. 1. From these curves the values of x, and x, are
calculated and given in Table 12.

The photometric determinations are shown in Table 1 and Fig. 2. This
figure shows the curves at two wave lengths, the values being caloulated
with equ. (3). The results are given in Table 12.

Table 2. o-Hydroxyacetophenone. Potentiometric determination of x,.
[Fe], = 0.1051 mC. Result: %, = 0.43 (mean value).

h b [RH] (b—x')h

h [RH]
1.646 4.0881 7.787 0.429
1.258 5.4517 10.165 0.437
0.9656 7.50562 13.218 0.456
0.6776 10.886 18.803 0.449
0.40856 18.260 31.141 0.419
0.3286 23.998 38.691 0.430
0.2482 33.129 51.201 0.418
0.1882 48.591 67.487 0.442
0.1321 84.516 96.101 0.615
0.1079 149.95 117.60 0.845
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Table 3. o-Hydroxyacetophenone
[Fe), = 0.0496 mC. Result: x», = 0.70 (mean value).

. Potentiometric determination of sx,.

h b [RH] (b—#)h

h [RH]
1.225 8.2296 10.545 0.679
0.8794 11.670 14.660 0.682
0.5843 17.962 22.026 0.680
0.3469 32.083 37.042 0.685
0.2158 57.170 59.500 0.680
0.1776 72.768 72.280 0.721
0.1122 136.49 114.349 0.783

Table 4. o-Hydroxyacetophenone. Photometric determination of x,.
[R}, = 11.91 mC; [Fe], = 0.696 mC. v

h

Extinction at wave length

Fig. 3. o-Hydroxyacetophenone. Photometric

determination of x,.
[R], = 11.91 mC, [Fe], = 0.696 mC.

formation of complexes with one molecule of o-hydroxyacetophenone per atom
Fe. They have determined the complexity constant K, = [Fe][R]/[FeR]

[Fe),/E ve. h/[RH].

201

10

400 450 500 550 600 650 700

1.069 0.705 0.480 0.708 0.803 0.6156 0.390 0.226
3.021 0.555 0.364 0.541 0.620 0.500 0.318 0.180
5.089 0.470 0.294 0.450 0.504 0.412 0.2564 0.147
7.166 0.400 0.248 0.378 0.436 0.346 0.211 0.120
9.086 0.359 0.215 0.336 0.380 0.300 0.184 0.110
11.13 0.318 0.200 0.300 0.340 0.270 0.172 0.096

i 13.00 0.288 0.176 0.266 0.303 0.235 0.146 0.084

30¢

o-HYDROXYACETOPHENONE
Recently, Jatkar and Mattoo 1! have published a work where they show the

= 14 . 10~* C, where they assume [R] = [RH].

Acta Chem. Scand 9 (1955) No. 1

However, this value of the
constant is of little interest as no pH measurements seem to have been made.
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Table 6. Salicylamide. Potentiometric: determination. of s; and. x,..

[Fé], = 0.484 mC. Results: % = 13.T; %, = 0.2L." .

|

[RH] (b—x)h |
h - b N [RH]
0.9107 50.961 3.413 14.46
0.7211 64.887 4.298 14.58
0.5556 85.520 : 5.558 14.80

0.4150 117.59 7.405 15.20 ‘

0.3607 136.49 8.514 1529 |
0.3209 157.17 9.520 15.71
0.2757 185.98 11.055 15.94
0.2415 218.33 12.555 16.41
0.2028 269.63 14.911 16.98

Table 6. Salicylamide. Potentiometric determination of %, and x,.

[Fe], = 0.484 mC. Results: x, — 13.0; %, = 0.53.

[RH] (b—x')h

h b h RH]
1.595 26.767 1.807 14.38
1.200 36.326 2.398 | 14.69
0.7918 | 56.719 3.665 | 14.94
0.4849 | 96.996 | 5.865 | 15.85
0.2434 ' 224.39 11.27 i 18.84
0.1342 509.40 | 20.06 23.69
72017 |  24.42 27.79

0.1079

Table: 7. Salicylamide. Potentiometric determination of %, and x,.
[Fe], = 0.1051 mC. Results: x, = 14.0; %, = 0.32.

[RH] _(b—x)h
h b h [RH]
1.339 39.034 2.633 14.46
0.9845 54.732 3.678 14.90
0.7073 79.666 4.989 15.52
0.4556 131.76 7.733 '16.47
0.2473 277.11 14.185 18.71
0.08714 11414 39.706 26.86 :
0.04208 3 628.3 81.535 40.84 i
| 0.02421 9 307.7 ! 140.975 59.83 |
100
Fig. 4. Salicylamide. Distribution of Fe (11T)-
. (in percent) over Fet3, FeR+ and FeR, ,
a°% ar a function of log [RH])/h.

Acta Chem. Scand. 9 (1955) No. 1
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Table 8. Salicylamide. Photometric- determination of . [Fe); = [R], = 0.887 mC.

40

10217

Extinction at wave length
h - : — : : .

| 400 450 500 525 550 600 650 700
1.277 0.294 [ 0.505 0,859 0.925 | 0.898 | ' 0.654 0.397 | 0.214
3.141 0.250 0.440 0.728 0.786 | 0.765 | : 0.566. | 0.339:| 0.188
4.990 0.229 0.393 0.656 0.709 0,688 | 0.507 0.310.| 0.170
6.735 0.224 0.373 0.6056 0.652 | 0.640 0.488 | .0.294;| 0.161
8.740 0.196 0.328 0.549 0.594 0.578 0.436 0.261{| 0.140
10.62 0.180 0.303 0.5603 0,542 0.530 | | 0.402 0.241 | 0.130
12.46 0.164 0.280 0.472 0.500 | - 0.495 0.369 0.219| 0.124
14.32 0.160 0.270 0.460 0.450 | . 0.481 | 0.358. |. 0.118

Table 9. Salicylamide. Photometric determination of x,. [Fe], = 0.199mC, [R},.= 3.54mC

h
0.3430
~0.2812
0.1532

0.04956
0.02659

0.2116 -
0.09493

Extinction at wave length
400 450 475 . 500 550 600 650 2700
0.117 |* 0.220 0.290 | 0.336 0.318 0.212 0.110 0.060 -
0.125 0.233 0.300 0.339 | - .0.322 0.214 0.112 0.064
0.131 0.250 0.318 0.362. | 0.330 | 0.212 0.115 | - 0.060
. 0.138 0.259 0,331 -0.370 0.320 | 0.200 0.104 |  0.057
0.162 0.310 0.380 0.410 0.338 0.199 0.094 0.046
0.170 0.357 0.430 0.451 0.350 0.185 0.086 | 0.037
0.210 0.412 | 0.480 0.485 0.351 0.170 0.070 0.030
03 0.01 002
Fig. 5. \Salicylamide. Photometric deter- = Fig. 6. Salicylamide. Photometric deter-
mination of x,. c/E vs. Vh/E. ¢ = [Fe], mination of s, [Fel,/E wvs.
= [R], = 0.887 mC. h B — & [Fel,
[RH] E

Acta Chem. Scand 9 (1955) No. 1
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Table 10. Methyl sals . Potentiomeiric determination of x,.
[Fe}, = 0.1032 mC. Result: x», = 0.36 (mean value).
h b [RH] (b—2»')h

h [RH]}
1.627 1.3820 1.364 0.443
1.481 1.4669 1.498 0.303
1.403 1.65648 1.579 0.396
1.313 1.6770 1.687 0.387
1.182 1.8051 1.873 0.336
1.128 1.9277 1.962 0.345
1.060 2.0797 2.087 0.346
0.9845 2.2269 2.246 0.324
0.9226 2.3944 2.395 0.316

The present author ° has determined the acidity constant of o-hydroxy-
acetophenone to be 1.5+ 107! C, and thus their assumption must be wrong.

The solubility of o-hydroxyacetophenone is of the same order as that of
salicylaldehyde. Thus the same restrictions have to be made here. No tendency
to form the complex FeR, or higher complexes has been found.

The results of the potentiometric experiments are shown in Table 2 and 3.
The calculated value of #, is given in Table 12. There is a remarkable difference
in the results of these two experiments. However, this difference is not due to
the formation of multinuclear complexes. If it were so, then the higher
concentration of Fe would give a higher value of x,. Instead the difference
is due to the uncertainty in the results, owing to the influence of the OH-
complexes on the measurements.

The photometric experiments are shown in Table 4 and Fig. 3. The calcula-
ted results are given in Table 12.

SALICYLAMIDE

The complex formation between iron(IIl)ion and salicylamide has been
used by Hernadndez-Gutiérrez and Pulido-Cuchi? in a photometric method
of determination of salicylamide. They suppose the complex to be
Fe(O - C;H, - CONH,); 2 and to be more stable than that of salicylic acid.

Table 11. Methyl salicylate. Photometric determination of x,.
[Fe], = 49.71 mC, [R], = 2.166 mC.

Extinction at wave length

400 450 500 550 600 625 650 700

41.62 0.318 0.440 0.797 0.921 0.738 0.612 0.488 0.280
36.33 0.343 0.478 0.861 0.991 0.794 0.656 0.507 0.306
33.62 0.290 0.460 0.889 1.028 0.838 0.690 0.540 0.320
31.32 0.300 0.489 0.937 1.080 0.881 0.724 0.556 0.331
28.43 0.372 0.645 1.005 1.160 0.940 0.779 0.604 0.363
25.39 0.333 0.548 1.053 1.230 1.000 0.830 0.635 0.370

Acta Chem. Scand. 9 (1955) No. 1
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05 1.0

Fig. 7. Methyl salicylate. Photometric determination of x,. [R]/E vs. h|[Fe].
[R], = 2.166 mC, [Fe], = 49.71 mC.

Here the complex forming tendency is greater than that with either salicyl-
aldehyde or o-hydroxyacetophenone, but the low solubility restricts the
complex formation to FeR and FeR, only.

The results of the potentiometric experiments are shown in Tables 5—7,
and the caloulated values of %, and x, are given in Table 12. ‘

Here the complex formation is so strong that both FeR and FeR, could be
studied photometrically. From the potentiometrically calculated values of
%, and x,, Fig. 4 is constructed. From this figure, the suitable ranges of [RH]/h
were chosen in which to make the photometrical experiments. These ranges
are shadowed in the figure.

The results of the photometric determination of %, and ¢, are shown in
Table 8 and some of these results are used in calculating the curves of Fig. 5,
equation (3) being used in the calculations. From the measurements on one of
the most acidic solutions, ¢; at other wave lengths could be calculated.

Table 12. Survey of the results of this investigation.

Potentiometry Photometry
Substance
: :
#1 % #y €1| 8 #a s
-~ ~

Salicylaldehyde 0.904-0.05 9.0 . 10-3 4 0.5 - 10-% 1.004-0.05 | 1.2|550 — —|—
o-Hydroxyaceto-

phenone 0.5 +0.1 — 0.504-0.05 | 1.3/550 — —_—
Salicylamide 13.56 +0.5 0.3 4 0.1 15.5 4+1.0 |1.5/5625! 0.40 4 0.05] 2.9|475
Methyl salicylate | 0.354-0.05 — 0.404-0.05 | 1.2|550 _ —

Acta Chem. Scand 9 (1955) No. 1 4
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In the same manner x, and &, were calculated from some of the figures of
Table 9, which resulted in the curves of Fig. 6. Here equation (5) was used.
The results of the photometric determinations are collected in Table 12.

METHYL SALICYLATE

The complex formation with iron(IlI)ion was studied by Babko 8, using a
photometric method. He found the complex FeR. The dissociation constant

_[ﬂ_-@ =4.10-8C. This is twice the value of the
[FeR]

corresponding constant of phenol. The difference, according to Babko, is due to
methyl salicylate being a stronger acid.

The dissociation constant of the acid methyl salicylate was determined by
Babko to 1.6 - 10-8. This constant has been determined by Goldschmidt and
Scholz? to be 110~ This author!® has found the value 6.5- 10~ in
3000 mC ClO;. The difference to Babkos value is striking. However, if
the values found by Babko are used to calculate x,, defined by this author,
the value 0.4 is found, which is in good agreement with the results of
this author. '

In this work the results of a potentiometric titration are given in Table 10
and of the photometric determinations in Table 11 and Fig. 7. The constants
calculated from these results are given in Table 12.

was determined K =

REFERENCES

. Agren, A. Acta Chem. Scand. 8 (1954) 266.

. Agren, A. Acta Chem. Scand. 8 (1954) 1059.

Rosenmund, K. W. and Schnurr, W. Ann. 460 (1928) 88. .

Herbst, R. L., Close, R. H., Mazzacua, F. J.and Dwyer. R. F. J. Am. Chem. Soc. 714
(1952) 269.

Broumand, H. and Smith, J. H. J. Am. Chem. Soc. 74 (19562) 1013.

Job, P. Ann. chim. 10 9 (1928) 113.

Hernéndez-Gutiérrez, F. and Pulido-Cuchi, F. Anal. Chim. Acta 5 (1951) 450.
Babko, A. K. J. Gen. Chem. (U.S.S.R.) 15 (1945) 874.

. Goldschmidt, H. and Scholz, V. Ber. 40 (1907) 624.

Agren, A. Acta Chem. Scand. 9 (1955) 49.

. Jatkar, S. K. K. and Mattoo, B. N. J. Indian Chem. Soc. 30 (1953) 607.

Received September 20, 1954.

LRSI kW=

ot

Acta Chem. Scand. 9 (1955) No. 1



ACTA CHEMICA SCANDINAVICA © (1955 49—56

The Complex Formation between Iron(III)Ion and Some
Phenols. IV. The Acidity Constant of the Phenolic Group

ALLAN AGREN

Department of Chemistry, Royal Pharmaceutical Institute, Stockholm, Sweden

By an ultra violet photometric method the dissociation constant
of the phenolic group of some phenols has been determined. Among
them, the following phenols have not been studied before: sulfosali-
cyli((:i acid, p-amino salicylic acid, p-amino salicylamide and salicyl-
amide.

In order to determine the dissociation constants of very weak acids, several
methods have been used. King and Marion ! used the catalytic effect of
hydroxyl ion, Konopik and Eberl 2 made colorimetric determinations using
colour indicators while photometric determinations in ultraviolet light (UV)
have been used by others 3 20, Potentiometric or conductometric methods are
not useful for the study of very weak acids.

This author has investigated the complex formation between iron(III)ion
and the following phenols: sulfosalicylic acid ¢, salicylic acid, p-amino salicylic
acid (PAS)%, salicylaldehyde, o-hydroxyacetophenone, salicylamide, methyl
salicylate 8 and p-amino salicylamide (PAS-amide) 2. In this investigation the
dissociation constant of the phenolic group of these substances and of ordinary
phenol has been determined. The values of these constants lie between the
limits 10-? and 10 14 C. Thus, the stronger ones of these acids could be studied
by potentiometric measurements, but this could not easily be done with the
weaker ones. Further, some of the substances concerned are sparingly soluble
and this fact will make potentiometrical methods impractical. Hence all the
substances were studied by photometric measurements in UV. Vandenbelt and
coworkers 20 have demonstrated the agreement between photometric and
potentiometric measurements where both could be used.

The results of previous work on the dissociation of the phenolic group of the
substances studied here are collected in Table 1. Most of the substances have
been studied in UV. Some recent works in this field are collected in Table 2.
By comparing Table 1 and Table 2 it may be seen that in only two of the
works cited have the measurements been used to determine the dissociation
constant. This method has also been used by for example Flexser and cowor-
kers 12, who studied some very weak acids and bases.

Acta Chem. Scand 9 (1955) No. 1
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Table 1. Survey of previous investigations.

Substance Method Temp. | pKa (=3—log K,)| - Ref.

Salicylic acid Colorim. room 13.4 2

» 19 13.64 15

Potentiom. 30 12.38 16

o-Hydroxyacetophenone | UV photom. 25 10.17 20

Methyl salicylate Kinetic 25 11 17

Phenol UV photom. room 9.89 3

» 25 9.87 20

Electrom. 18 9.92 13

Potentiom. 20 9.98 14

Salicylaldehyde » — 9.5 18
(50 9, dioxan)

UV photom. 25 8.10 20

The authors cited in Table 1 have not used the same conditions as the pre-
sent author used in his investigations on the complex formation with iron(III)-
ion. The value given for methyl salicylate is very old and is said by the authors
to be only approximate. For the substances studied previously by other
authors, the results of the present author are given in Table 9, but no details
on the measurements.

Studies of sulfosalicylic acid, PAS, PAS-amide and salicylamide in order
to determine the dissociation constant of the phenolic group have not pre-
viously been performed. The results are given here in Table 9, with details in
Tables 4—S8.

THEORETICAL

When a phenol dissociates to phenolate there is usually a change in the
UV absorption. Both the wave length of maximum extinction and maximum
extinction itself become larger. In some cases there is a considerable change
(about 20—50 my, cf. Fig. 4) and the dissociation is then measured at the wave
length where the phenolate has its maximum extinction.

In other cases, for example salicylic acid, PAS, and PAS-amide, the wave
length shift is very small (5—10 my, Figs. 2 and 3) but the extinction value is

Table 2. Substances previously studied in UV.

Substance Ref.
Phenol 3, 20
Salicylic acid 8
Methyl salicylate 19
Salicylaldehyde 8, 19, 20
o-Hydroxyacetophenone 8, 20
Salicylamide 8
PAS 9, 10, 11

/ Acta Chem. Scand. 9 (1955) No. 1
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considerably changed. If the measurements are made at the wave length where
the phenolate or phenol has its extinction maximum, the accuracy in the results
will be rather small. Instead the measurements ought to be made at a wave
length, where the extinction of phenolate is great and that of phenol is small.
But as this is not the case near a maximum or minimum, large errors may be
introduced if the wave length is only slightly changed during a series of meas-
urements. If the apparatus is not changed the calculated value of the disso-
ciation constant may be accurate, but the extinction value will be of little
theoretical or practical interest.

The dissociation constant of a phenol is defined in the following equation

_h [R]
» = [RH] (1)

where h is the hydrogen ion concentration, [RH] and [R] are the concentration
of phenol and phenolate, respectively. All concentrations are expressed in mC
(= millimoles/liter). All electrical charges are omitted.

The total concentration, [R],, of the phenol is

[R]. = [R] + [RH] . (@)
It is assumed that no other forms are present in measurable amounts, as for
example RH, or RH;. This is true for all substances studied in this work at
such h-valués where the phenolic group is appreciably dissociated.
The extinction, E, at a definite wave length is
E = &g [R] + &gn [RH] (3)

where ¢ is extinction per mC and cm.
From equations (1)—(3) the following equation is derived

R, 1 E— e [R]] 1
7 *g{h E ]KasR (4)

If [R],/E is plotted against the expression within the brackets a straight line
should be obtained, the intercept being 1/e; and the slope 1/K, eg.

If epy is also unknown, several values may be tried. Only the right value
will give a straight line (compare a previous work by this author 5).

APPARATUS AND CHEMICALS

In the photometric measurements an Uvispek photometer with 1 cm quartz cells
was used. For the determination of hydrogen ion concentration, a glass electrode was
used and as a reference a silver-silver chloride electrode. In solutions with large concentra-
tions of hydroxyl ion, a hydrogen-platinum black electrode was used. The hydrogen gas
was freed from oxygen using a Meyer-Ronge 22 oven. In order to avoid evaporation of the
solution to be measured, the gas was bubbled first through a 3 000 mC solution of NaClO,.

The measurements were made at 25.0°+-0.1° C. Further details are described in pre-
vious works %5, All experiments were made in solutions with a total concentration of
3 000 mC ClO,~. In this medium it is assumed that the activity factors are constant and
hence that the concentrations may be used instead of activities in the equilibria.

The purity of the phenol used was controlled according to the Swedish Pharmacopeia
Ed. XI. From this substance a 90 9% solution was prepared and the concentration deter-
mined bromometrically according to Pharmacopeia Danica 1948. This stock solution was.
then diluted with water and NaClO,.

Acta Chem. Scand 9 (1955) No. 1
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Table 3. Determination of the ionic product of water, Kw,
Mean value 0.70 - 10-® + 0.05 - 10~ (mC)? = 10-14.1540.01 (1,

[OH}t h. 10 Kw. 10%
2.822 24.90 0.703
4.614 14.78 0.682
8.809 7.868 0.693

12.64 5.622 0.698

16.15 4.321 0.698

19.38 3.641 '0.706

22.36 3.153 0.705

25.12 2.805 0.705

27.69 2.635 0.702

30.07 2.318 0.697

32.30 2.161 0.698

Fig. 1. Sulfosalicylic acid. ¢ vs. A in my.

i i
250 300

Curve I: The phenol,
-S0; - CeH,a(COO-)OH.
Curve II: The phenolate,
=S0, - C;H,4(CO0-)0-.

Fig. 2. PAS. ¢ vs. A in mu.

Curve I: The phenol,
NH,; - CsHy(COO-)OH.

" Curve II: The phenolate,

350
15
10
5t
L 1 4
250 300 350

250

NH, - C,H,(CO0-~)0~.

Fig. 3. PAS-amide. & vs. A in my.

Curve I: The phenol,
NH, . C;H,(CONH,)OH.

Curve II: The phenolate,
NH, - C;Hs(CONH,)O-.

Fig. 4. Salicylamide. ¢ vs. A in mu.

Curve I: The phenol,
C¢H,(CONH,)OH.

Curve II: The phenolate,
C¢H,(CONH,)O-. .
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Table 4. Sulfosalicylic acid. A = 260 mu. [R]; = 0.0916 mC. In this case erm = O.

Results: er = 13.3 mC-* em-t, K, = 1.83 - 10-°* mC.

[OH} h-10° E (Rl
E
0.886 9.96 0.189 0.485
1.329 6.11 0.284 0.323
1.772 4.41 0.353 0.259
2.215 3.44 0.419 0.219
2.658 2.83 0.481 0.190
3.543 2.08 0.521 0.176
4.429 1.5 0.628 0.146
5.314 1.36 0.692 0.132
Table 5. PAS. A — 325 mu. [R] — 0.2618 mC.
Results: eér = 3.1 mC-1 em-1. K, =1.82 - 101t mC.
[OH], h. 101 E (B p B —eru (Rl jou
, B E
79.0 8.86 0.191 1.37 5.84
118.5 5.91 0.243 1.08 4.33
197.5 3.54 0.320 0.818 2.82
395.2 1.77 0.440 0.595 1.51
592.8 1.18 0.525 0.499 1.03
790.4 0.886 0.561 0.467 0.783

Table 6. PAS-amide. A = 330 mu. [R]; = 0.1312 mC. In this case eru = 0.

Results: er = 6.67 mC* em™. K, = 7.7 107 mC.

h.107 E (Rl
E
18.54 0.329 0.399
6.634 0.469 0.280
3.922 0.577 0.227
2.650 0.649 0.202
1.850 0.705 0.186
1.216 0.753 0.174

Table 7. Salicylamide. A = 330 mu. [R]; - 0.1488 mC.

Results: er = 5.75 mC-1 em~1. K, = 1.28 . 10-¢ mC.

h-10° B [R]: n = eru Rl 10
B z
14.18 0.432 0.344 12.47
10.07 0.505 0.295 9.03
6.979 0.576 0.258 6.35
5.172 0.622 0.239 4.74
4.443 0.644 0.231 4.08
3.818 0.670 0.222 3.52

Acta Chem. Scand 9 (1955) No. 1
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Table 8. Methyl salicylate. A = 330 mu. [R}; = 0.2196 mC.
Results: er = 5.71 mC-1em™. Ky = 6.5 10-8 mC.

. 108 [R]t E —eru[R]:
h.10 E 5 h__E— 108
10.44 0.509 0.431 9.46
7.741 0.601 0.365 7.12
5.626 0.688 0.319 5.23
3.540 0.866 0.254 3.34
1.914 1.010 0.217 1.82
1.140 1.069 0.205 1.09
0.9065 1.090 0.201 0.87

PAS-amide was made according to Jensen and coworkers . Its melting point was
160° C. The solutions were made up immediately before use.
The quality of the other chemicals used has been described earlier 4-¢.

MEASUREMENTS

Some of the phenols studied are appreciably dissociated.at rather small
hydroxyl ion concentrations. In these cases the hydrogen ion concentration
was determined directly: In other cases where large hydroxyl ion concentra-
tions were needed a direct measurement of the hydrogen ion concentration was
avoided. Here the h values were calculated from the stoichiometrical concen-
tration of hydroxyl ion and the ionic product of water, the value of which was
determined in the medium used. A solution of NaClO, was “titrated’ with
NaOH of known concentration and the hydrogen ion concentration determined
'vi‘vith the hydrogen electrode. The results of such a titration are given in

able 3.

The extinction curves of sulfosalicylic acid, PAS, PAS-amide and salicyl-
amide are shown in Figs. 1-—4. The extinction of undissociated phenol was
measured in a neutral or weakly alkaline solution. Under these conditions the
carboxyl group of sulfosalicylic acid and PAS is not appreciably dissociated
since the dissociation constant is 2.13 and 0.0826 mC, respectively 4, 5. Thus,
no other forms of the substances were present in measurable amounts. The
extinction of the phenolate ion was calculated from the measurements in
strongly alkaline solutions and equation (4).

00

50

. Fig. 6. Methyl salicylate. Extinction at
A 1 1 —i 330 mu (in per cent) ws. time (in hours).
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Table 9. Survey of the results of this investigation.

Substance K, PK, (= 3—log Kj)
PAS (1.8 + 0.2) - 10-11 13.74 & 0.05
Salicylic acid (7.6 & 0.5) . 10~ 13.12 + 0.05
Sulfosalicylic acid (1.8 + 0.2) - 10-° 11.74 + 0.05
o-Hydroxyacetophenone (1.6 + 0.2) . 10-® 10.82 + 0.05
Methyl salicylate (6.5 + 0.8) - 10-8 10.19 + 0.07
Phenol (3.0 £ 0.3). 107 9.52 + 0.05
PAS-amide (7.7 4+ 0.8) - 10-7 9.11 4 0.05
Salicylamide (1.3 + 0.2) - 10-¢ 8.89 + 0.05
Salicylaldehyde (1.6 + 0.2) - 10-¢ 8.80 + 0.05

The results of the measurements in solutions of varying alkalinity are given
in Tables 4 and 5 for sulfosalicylic acid and PAS, respectively. In these experi-
ments the hydrogen ion concentration was calculated from the ionic product
of water.

PAS-amide, salicylamide and methyl salicylate are stronger acids than the
two foregoing ones. Here buffer solutions of sodium bicarbonate and sodium
hydroxide were used to fix the hydrogen ion concentration. The measurements
in these cases were made with the glass electrode or the hydrogen electrode.
The results are given in Tables 6—8.

These three substances are not quite stable in alkaline solutions but may be
hydrolyzed to the corresponding carbonic acid. If the change in extinction is
due to hydrolysis the change is supposed to be slow and should not reverse
when the solution is acidified again. The amides were studied in this respect
but no change could be found within three hours. When acidified again the
calculated extinction value was obtained.

The change in extinction may be due to a dissociation of the amide group.
When benzamide was studied no change in extinction could be found even in
very strongly alkaline solution. Thus this reaction is improbable.

Methyl salicylate is hydrolyzed more easily under the conditions used here.
In order to estimate the speed of this reaction the extinction of one solution
in 100 mC NaOH was measured during four hours. In Fig. 5, the decreasing
values (in per cent) obtained are shown. For the determination of the disso-
ciation constant more weakly alkaliné solutions were used and the extinction
was measured within five minutes. During this time the hydrolysis is surely
not greater than 1 9, and thus does not appreciably influence the results.

All the dissociation constants determined in this work are collected in
Table 9.
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Half-Life and Radiations of the Long-Lived Isotope of
Niobium (**Nb)

MARIO A. ROLLIER* EINAR SEZLAND, ARMANDO MORPURGO*
and ALBERTINA CAGLIERIS*

Joint Establishment for Nuclear Energy Research, Kjeller, Norway

In order to investigate the half-life and radiation energies of **Nb,
spectroscopically pure metallic niobium was irradiated for 23 days
with thermal neutrons in the JEEP pile. The short-lived 6.6 minutes
“mNb beta activity was confirmed. The bulk of the slow decaying
activity is due to *2Ta beta and gamma radiations. Many ways were
tried to free efficiently the niobium metal from the tantalum impurity:
anion exchange column, coprecipitation of Ta as potassium fluotanta-
late and Ta/Nb solvent extraction using di-isopropyl ketone. Only the
last of these proved successful. The residual activity of the purified
Nb,O; is very low. From an Al-absorption curve the beta energy can
be estimated to be between 0.5 and 0.6 MeV. The gamma spectrum,
investigated with a scintillation spectrometer, points to three energies,
namely 0.73 MeV, 0.90 MeV and 1.63 MeV. The counting rate of the
beta activity, corrected for counting efficiency, indicates a half-life
for the **Nb of 1.77 - 10* years (&4 25 %).

The formation of a 6.6 minutes activity in neutron irradiated niobium has
been reported by several authors!. This activity has been ascribed to an
isomeric state, ¥4™Nb, which, except for 0.19%, beta decay leading to ?4=Mo,
decays by gamma emission to a more stable %Nb. The properties of the latter
long-lived nuclide had, until recently, not been observed directly but only
inferred from other experimental data. Thus some authors 2 assigned to it a
beta decay and a half-life much greater than 100 years, while others 2 indicated
a lower limit of the half-life of 5+ 10* years. The aim of the present work, of
which a preliminary report has already been given ¢, was to investigate the
beta emission of the long-lived ?2Nb and assign to it a better approximated
half-life. The recent work by Douglas, Mewherter and Schuman ® on the long-
lived niobium activity was not known to us, our results obtained independ-
ently and with different methods confirm the findings already reported by
these authors.

* Tstituto di Chimica Generale e Analitica del Politecnico di Milano, Italy.
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Fig. 1. Decay curve of the 6.6 minutes
103 half-life 94m niobium.
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IRRADIATIONS AND CHEMICAL SEPARATION METHODS

Many pure niobium salts have been irradiated in the JEEP pile and in
particular: (a) niobium pentoxide obtained from Kahlbaum’s K,NbF,, (b)
niobium pentoxide obtained by hydrolysing niobium pentachloride of
Schuchardt, and (c) spectroscopically pure niobium metal of Johnson &
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Relative counting rate
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Fig. 2. Decay curve of the irradiated specpure miobium without any previous chemical
processing. The 117-day half-life 1s due to **Ta.
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Matthey. Two irradiations were carried out, a short one of half an hour, in
order to follow the decay of the short-lived 4=Nb, and a long one lasting 23
days, in order to accumulate a fairly good amount of the long-lived nuclide.

From the decay curve of a metal sample irradiated for a short time the
half-life of the ##=Nb was confirmed, the value being 6.6 minutes (Fig.1). In
the absence of any chemical processing the decay curve, followed for 5 months
on a metal sample irradiated for 23 days, was a straight line giving a half-life
of 117 days (Fig. 2). This half-life belongs to the 182 tantalum activity. It is
easy to draw the conclusion that, owing to the large cross section of 21 barns
of natural 181 tantalum (as compared to the cross section of 1.1 barns for the
natural occurring niobium) and the respective half-lives of the produced
nuclides, this activity should be present, even for a very small tantalum impuri-
ty in the spectroscopically pure niobium metal. By a simple activation analysis
the tantalum impurity in this sample was found to be of the order of 0.2 9%,

It thus appeared necessary to purify the irradiated niobium and this was
tried in many ways:

(A) Ion-exchange column. The dissolved niobium (4 g) was treated in an
anion-exchange column using a hydrofluoric-hydrochloric solution as elutriant.
The process is rather time-consuming. Most of the niobium is collected in the
first fractions whereas tantalum is eluted later.

The solid matter contents of one of the first fractions evaporated to dryness
still showed an activity that had to be assigned to the 182Ta after an aluminium
absorption curve was taken. It has been reported ¢ that 182Ta is perhaps the

Acta Chem. Scand 9 (1955) No. 1
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most prolific emitter of electron lines of all the known radioactive isotopes.
A lead absorption curve taken of the activity of this column fraction gave an
absorption coefficient u, = 0.7 em-! equivalent to an energy of 1.12 MeV.
This is the energy” of the most intense A-radiation emitted by 182Ta. A further
purification thus became necessary. One of the first fractions gathered from
the ion exchange column was dried, redissolved, a large amount of hydrofluoric
solution of pure tantalic acid (HyTa0,) added and the tantalum precipitated as
potassium fluotantalate. This treatment was repeated twice, a large amount
of active tantalum being eliminated in the precipitate. The niobium was
precipitated from the filtrate, purified by complexing with oxalic acid 8, and
finally precipitated as Nb,O;, dried on a Pt disc, and ignited in a crucible for
5 hours. 5 15 months after the end of the irradiation, a sample thus treated
still showed a considerable specific activity. The activity measured was 102
¢/m per mg Nb,O; counted on shelf 2 of a standard Geiger-counter sample
holder (9 mm sample-to-window distance) using an Amperex tube model
100 CB.

An Al absorption curve, S, was plotted (Fig. 3). After subtracting the hard
gamma background, A, (1.12 MeV from %2Ta) two components were left: a
component B of 160 mg /cm? half-thickness and a beta component C of 14 mg/cm?
half-thickness. The latter is due to the 0.583 MeV beta activity of 182Ta and the
former to the softer 1-radiations from 182Ta.

No new activity from *Nb was apparent. A second Al absorption curve of
the same sample, taken about 4 months later (9 months and 19 days after
removal from the reactor) when the specific activity, with the same counter
geometry, had reduced to about 49 ¢/m per mg Nb,O;, gave exactly the same
results. '

(B) A second attempt to free 850 mg of irradiated niobium from 182Ts,
activity by ten successive additions of decreasing amounts of dissolved natural
tantalum, each followed by a tantalum precipitation as K,TaF, yielded no
better results. The end product was a niobium pentoxide sample with specific
activity, at same geometry, of 87 ¢/m per mg Nb,O;, measured 12 months and
18 days after removal from the reactor. :

(C) The decisive results were obtained by the procedure due to Stevenson
and Hicks ?, of separating tantalum from niobium by extraction into certain
polar organic solvents. The solvent used was di-isopropyl ketone. The aqueous
solution used was 0.4 M HF, 3 M HCl, in which irradiated niobium and inactive
tantalum, transformed into the respective fluorides, were dissolved. 4 successive
extractions were carried out in this way. After the 3rd extraction it seemed
difficult to free the precipitate from some chemical impurity introduced during
the extractions. The precipitate was therefore purified by complexing the
niobium with oxalic acid and treating the solution with concentrated nitric
acid and KBrO;. The same purification was performed after the 4th extraction.

14 months after the end of the irradiation the final purified and ignited
Nb,O5 showed a relative specific activity of 14.3 ¢c/m per mg Nb,O4 counted on
shelf 1 as compared to 13 000 ¢/m per mg Nb,O; for the untreated sample.
In order to compare these figures with those previously given for the separation
methods A and B, it should be noted that 14.3 ¢/m on shelf 1 is equivalent
to 9.5 ¢/m on shelf 2. The decay of this residual activity was further followed
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Fig. 4. Decay curve of irradiated miobium purified by solvent extraction (Method C ).
Constant activity indicates absence of 1%2Ta,

for more than 2 months but no decrease in the activity (indicating 82Ta)
was detectable (Fig. 4).

The radiation energies and half-life of this long-lived activity were then
determined in the following way.

ENERGY OF RADIATIONS

An aluminium absorption curve of the residual activity in a Nb,O, sample
resulting from the separation method (C)is shown in Fig. 5. The curve indicates
a beta component with a half-thickness in Al of about 15.5 mg/em? correspond-
ing to a beta energy of 0.5—0.6 MeV (cf.19). No very exact determination of
the beta energy was attempted because of the weakness of the sample which
made difficult the correction for the contribution of the hard component
measuring only a few counts per minute.

The gamma activity was first roughly checked by an ordinary gamma
scintillation counter. A lead absorption curve indicated a gamma energy
of about 0.9 MeV. The detailed investigation of the gamma spectrum was
done by Dr. E. Germagnoli first at Kjeller and later at the laboratories of
C.I1 8. E., Milan, Italy. The final results were obtained using a 1’ NaI crystal,
a phototube Dumont, a model 100 (Los Alamos type) linear amplifier and the
99 channel built by Gatti 1.

Acta Chem. Scand 9 (1955) No. 1
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The scintillation spectrogram obtained is shown in Fig. 6 a and the energy
calibration by means of the radiations from Co and %Cs in Fig. 6 b. The
following gamma energies are found: )

E, = 0.726 MeV

E, = 0.903 MeV

E; = 1.65 MeV (measured)
1.63 MeV (as E, | E,)

These results are in good agreement with the values obtained by Douglas,
Mewherter and Schuman 5, namely: Eg = 0.50 4- 0.05 MeV, E, = 0.70 +
0.01 MeV, E, = 0.87 4 0.01 MeV and E; = 1.57 4 0.02 MeV.

SPECIFIC ACTIVITY AND HALF-LIFE

The knowledge of the absolute disintegration rate of the sample containing
long-lived %4Nb is needed for its half-life determination.

The absolute beta counting, using an end-window Geiger tube, was carried
out according to the procedures described by Zumwalt and Burtt and computing
the absolute number of disintsgrations per minute (d/m) according to the well
known formula 12,13,

(¢/M)extrap, + 100
G.fA. ]‘B.fH.fm

d/m =
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Fig. 6 a. Scintillation spectrogram of gamma radiation from wrradiated niobium purified
by solvent extraction (Method C). The dotted lines give the peaks of *'Cs and **Co which
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where:

(c/m)extrap. = Observed counts per minute corrected for coincidence and back-
ground and extrapolated from an Al absorption curve to zero

absorber.

q = gecmetry of the counting set up.

fa = factor for the effect of air in scattering beta particles into the
counter.

fs = factor for the increase in counting rate due to backscattering by
the material supporting the source.

I = housing effect (support and walls of source housing).

fsa = correction factor for the self-scattering and self-absorption due

to thickness of sample.

The 12.1 mg sample counted in Milan with an Amperex 100 CB end-
window tube gave an observed counting rate of 113.36 ¢/m at 9 mm sample-to-
window distance. No gammas were detected during this measurement owing
to the low semple activity. Intrcducing the theoretical correction factors 12,13
the value of 875 d/m for the absolute disintegration rate of the sample was first
obtained and frcm this a half-life of 2.7 . 104 years was ccmputed and reported
in our preliminary cc mmunication ¢. Intercc mparison of the same sample and
countings performed at Kjeller lead to the qualitative detection of the gamma
radiation and also revealed that a too high counting efficiency had been
assumed for the counting performed in Milan. After a careful check we had to
assign an overall counting efficiency of only 8.26 9, for this measurement.
This gives for the absolute disintegration rate of the 12.1 mg sample:

113.36-100
where the 2.5 % ruktracted is due to the gamma activity.
The specific activity, S, in curies per g of the target niobium metal, freed
from any other activity due to impurities is given by:

T 60.a.3.7.100

where a (= mg Nb of measured semple) is obtained subtracting 2 9, (due to
inactive Ta, O left frcm the ketone extraction) frcm the sample weight and
multiplying by the factor 0.7 (as Nb,Oj contains 70 %, Nb). This gives a = 8.29,
thus

1.337 . 108

8 =07 829- 3.7+ 1010

= 7.25+10-8 curies/gram

For active nuclides whose half-life, as in this case, is long compared to the
irradiation time, the simplified formula for calculating the half-life is:

1.136 0 F' ¢
To=""45
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where

Ta = half-life in days of the nuclide formed

= irradiation time in days

= neutron flux in neutrons per em? per second X 10-11

= activation cross section in barns = 1.114

= gpecific activity in curies/gram of the target element on removal from
the pile

= atomic weight of the element = 93

b Ay

The average flux during the 23 days irradiation was 1.5« 101 n cm2sec?
thus:
1.136+1.1+1.5.23

Ta=—g3 725.10¢

= 6.4 .10% days

corresponding to a half-life of 1.77 - 10* years.

Taking into account the approximate values used it is safe to assume that
the half-life of ®4Nb is not determined with an accuracy greater than 4 25 %,
The value found is in good agreement with the value of (2.2 4- 0.5) « 104 years
proposed by Douglas, Mewherter and Schuman 5.

EXPERIMENTAL

(A) The ion-exchange column used with hydrofluoric elutriant solution was made of
plastic tubing of 3 mm diameter, 7.1 mm? cross section and 450 mm length. The ion-
exchange resin was Dowex No. 1. A small finely perforated platinum disc closed the
bottom of the column and held the resin. All the tubing was made of polyvinyl plastic
and the containers of polythene. In front of the column, driven by a small electric motor
8o that it could move along the whole length of the column in about 15 minutes time, was a
Geiger counter connected with a scaler, rate-meter and a Brown recorder. This made

ossible the automatic recording of the activity as a function of the position in the column.
he ion-exchange resin was converted to the chloride form and the niobium contaminated
with tantalum activity was added in the form of niobium chloride solution. Up to 150
mg of NbCl; were added at & time. This ion-exchange process has already been described
elsewhere 1°, For the solution used (9 M HCI, 0.5 M HF) the elution constants were:

ENb =70 ETa = b
so that the ratio was Env/ETa = 14

inwhich B =d x A|V,whered = length in cm covered by activity maximum after ¥ ml
of elutriant have passed through a column the cross section of which is 4 cm3. A lead
screen provided with a small central slit, was mounted on the Geiger counter window.
The motor was provided with a reverse gear and a speed reductor. The fractions were
collected in polythene containers in which they were dried under a heat-lamp, treated
many times with HCI in order to get rid of the hydrofluoric acid, and then mounted on
standard watch glasses and counted. The elution speed was kept at about 1 ml in 20
minutes. In a second ion-exchange column of 7 mm diameter and 38.5 mm? cross section
the elution speed was kept at 8 ml for 30 minutes. The automatically recorded elution
curves are collected in Fig. 7.

The precipitation of 182 tantalum with pure natural tantalum as a carrier was carried
out collecting the fractions containing niobium from the jon-exchange procedure. These
fractions were dried and then dissolved in 1/1 solution of conc. HNO, and H,F,. To this
solution a hydrofluoric solution of pure H;TaO, was added and the tantalum then preci-
pitated as potassium fluotantalate by addition of KHF,. The precipitate was centrifuged
and the solution treated & second time in the same way.
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Fig. 7. Automatically recorded activities of

the ton-exchange column containing 182 tan-

talum. The number near each curve indi-

cates the number of hours elapsed from the

beginning of the elution, till the momens
the column was recorded.

The first precipitate was very active as measured with a GM-survey meter, the second
one much less so. After the tantalum precipitation the acidic niobium solution was
neutralized with ammonium hydroxide, in order to precipitate the niobic acid HNbO,.
‘This was centrifuged and thoroughly washed with ammonium hydroxide and water.
The precipitate was then dissolved in 2 ml of saturated oxalic acid solution to which
10 drops of concentrated nitric acid had been added. The complexing action of
oxalic acid on niobium leads to & complex of the t M;(NbO(C,0,)s) which is
often hydrated. In this case the soluble acid complex H?}erO(C,OQ.) i8 found which
is hydrated with a number of water molecules ranging from 1 to 4. The complex is stable
in the presence of an excess of oxalic ions, but it is easily hydrolyzed and O is preci-
pitated when these are destroyed. In order to obtain this result 1 g of KBrO, was added
and the Krecipitat.ed niobic acid was centrifuged, washed with 6 N HNO,, with 6 N NH,OH
and with distilled water. A fraction of this precipitate was slurried over a platinum disc,
dried with a heat-lamp and then calcinated. The thin film of Nb,O; left was heated for
3 hours at a light red heat in a furnace to get rid of all possible volatile impurities.

(C) The only successful Ta/Nb separation was carried out by extraction with di-so-
prodpyl ketone using & technical grade reagent from the British Drug Houses Litd. Stevenson
and Hicks ® reported that tantalum goes into the organic layer and that, starting with
equal amounts of Ta and Nb, the precipitate from the aqueous layer after one extraction
contains 98 % Nb and 2 9% Ta as the pentoxides. :

In our first extraction 200 mg irradiated niobium metal were fluorinated with conc. HF
and 7 M HNO,, dried, and 90 mg Ta added in the form of TaF; (made from Kahlbaum’s
K,TaF,;). The fluorides were dissolved in 50 ml 0.4 M HF, 3 M HCl solution and extracted
twice with 40 ml di-¢sopropyl ketone. The organic layer was discarded, and the aqueous
layer added to 4 ml saturated H,BO, solution in & centrifuge cone, in order to complex
any fluoride present. Ammonium hydroxide was added to precipitate the hydrated oxide
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of niobium. This was washed with diluted NH,NO,; solution, centrifuged and dissolved
again in 25 ml 0.4 M HF, 3 M HCI solution in which 45 mg Ta were also dissolved. The
second extraction was carried out with 2 times 25 ml of di-isopropyl ketone, and the preci-
pitation from the aqueous layer repeated. The 3rd extraction was performed adding
30 mg Ta, dissolving in 15 ml acid solution, and extracting twice with 15 ml ketone.

The precipitate from the 3rd extraction was purified by complexing with oxalic acid,
as mentioned earlier, (p. 60), and ignited. From this NbyO; a sample containing 15 mg Nb
was fluorinated again, 15 mg Ta in the form of TaF; added, and both dissolved in 7.5 ml
0.4 M HF, 3 M HCl solution. For the 4th extraction the solution was treated twice with
7.5 ml ketone and the whole procedure repeated, including purification by complexing
with oxalic acid. The sample was carefully ignited on a platinum disc before being trans-
ferred to an aluminium disc for beta counting. Using the data of Stevenson and Hicks °
we calculate the composition of the final sample to be 97.9 9 Nb and 2.1 % Ta. This is
taken into account when calculating the specific activity of the niobium from the activity
of the sample. i

This work was carried out partly at the Joint Establishment for Nuclear Energy
Research, (J. E. N. E. R.) Kjeller, Norway and partly at the Polytechnic, Milan, Italy.
The stay of one of us (M. A. Rollier) at Kjeller was made possible by a fellowship from the
Italian National Research Council. The equipment at Milan Polytechnic was purchased
partly by private (SNIA and Ing. G. Cesoni) and partly by National Research Council
grants: the kind interest of these private and public organisations is gratefully acknow-
ledged.

The authors wish to give special thanks to Dr. E. Germagnoli, C. I. 8. E., Milan for
carrying out the measurements with the scintillation spectrometer and to Mrs. M. Lykaas
and l1;’.[1'. K. Samsahl, both of J. E. N. E. R., for helpful assistance in various parts of the
work.
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Magnetic Measurements on Crystallized Fe-Transferrin

Isolated from the Blood Plasma of Swine
ANDERS EHRENBERG and CARL-BERTIL LAURELL

Medicinska Nobelinstitutet, Biokemiska avdelningen, Stockholm, Sweden

The paramagnetic susceptibility of the iron in Fe-transferrin is
determined to 156700 (4 500).10-* cgs emu at 20°C, which
corresponds to an effective magnetic moment of 6.08 (+ 0.10) Bohr
magnetons. The iron is thus trivalent and bound with essentially
ionic bonds. Some magnetic interaction between the two iron atoms
in each protein molecule is possible. After reduction and decolorisation
with hydrosulfite the iron is present as free or bound divalent ions
with an effective moment of 5.1 Bohr magnetons. The diamagnetic

am susceptibility of transferrin was determined to be —0.586
=+ 0.007) - 10-* cgs emu.

The biochemical and physico-chemical properties of the serum protein,
transferrin (siderophilin), and its role as an iron transporting factor in blood
have recently been reviewed !. The molecular weight of transferrin is about
90 000 2,3, and it is capable of reversible combination 2, 4,5 with two atoms of
iron per molecule of protein 2;3,8, The compound between iron and transfer-
rin, Fe-transferrin, is optically characterized by a relatively broad absorption
band with its maximum at 470 mu. The formation of Fe-transferrin when di-
or trivalent ionic iron is added to a solution of transferrin can thus be followed
colorimetrically. Such experiments disclose the interesting fact that in plasma
under aerobic conditions the Fe-transferrin is formed more rapidly with fer-
rous than with ferric ions 5, while in solutions of purified transferrin the ferric
ions react faster than the ferrous ions do 4,67, Colorimetrically judged the
formed compound is identical in all these cases. The effect might be due
to different rates of autoxidation of ferrous iron 6.

Since most chemical evidence points in the direction that the iron of Fe-
transferrin is trivalent, this is commonly believed to be the case. No direct
proof of this hypothesis has yet been obtained, and the mode of binding of iron
in Fe-transferrin is still obscure. Michaelis, however, made magnetic measure-
ments on Fe-transferrin, but his results are only published as a personal com-
munication to Koechlin é and no experimental data are given. Koechlin simply
states that Michaelis had found the iron to be trivalent in the red complex,
and that he also had found “’that hydrosulfite reduced the ferric iron and dis-
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charged the red color in the complex at reactions where dissociation of the
complex would not normally have occurred”.

For further discussion of the role of transferrin in the iron transporting
mechanism of the blood it is important to know as much as possible about the
state of iron in the compound, Fe-transferrin. As the above statements are
only qualitative in nature, we have reinvestigated the magnetic properties of
Fe-transferrin in a highly purified form.

MATERIAL AND METHODS

Iron-saturated Fe-transferrin was prepared from swine plasma according to Laurell #
and recrystallized four to six times. During the steps of the preparation, which were
performed at a pH below 6, a small amount of ferrous ammonium sulfate was added to
prevent dissociation of the Fe-transferrin compound. The excess of iron was eliminated
during the later preparative steps. Since it was difficult to remove all of the non-specifi-
cally bound iron in this way, one sample (No. 2) was run through a column containing the
ion exchange resin, IRA 120, pretreated with M/[15 phosphate buffer of pH 7.8. In this
way the iron content was brought to 0.125 9. An iron content of 0.124 % is to be
expected from a molecular weight of 90 000 and two atoms of iron per molecule. The
other samples contained 0.127 to 0.134 %, iron (See Table 1). The recrystallizations were
repeated until no more hemi-muco-g-globulin could be spectrophotometrically detected 8.

To get iron-free transferrin for the determination of its diamagnetism, one sample of
Feo-transferrin was dialysed at pH 3.5 in the presence of cysteine and o-phenanthroline.
After twenty-four hours all the iron was in the form of the ferrous o-phenanthroline
complex, which was dialysed away against glass-distilled water.

All samples were analysed for dry weight (at 110° C) and for iron. For the iron
determinations two colorimetric methods were used, with sulfo-salicylic acid or with
o-phenanthroline as complexing agents. They gave closely agreeing values in all cases.

The extinction values were determined in a Beckman spectrophotometer, Model DU.
The magnetic measurements were carried out with the apparatus constructed by Theorell
and Ehrenberg and a solution of nickel chloride was used as calibration agent ®. All
measurements were made in the temperature range 20 to 22°C.

RESULTS

Four samples of Fe-transferrin from different preparations were investiga-
ted for the paramagnetism of the iron by measurements on their salt-free solu-
tions. The results are given in Table 1 together with the characteristics of the
samples. The extinction at 470 my is proportional to the amount of specifically
bound iron. Sample 2 contains practically all of its iron as Fe-transferrin com-
pound. Samples 3 and 4 are saturated with specifically bound iron and con-
tain above that level respectively 2.9 and 9.0 9, of iron non-specifically bound
to the protein. Sample I may be impure or partly denatured since, according
to the extinction value, 9 9, of its specific sites are unoccupied by iron in spite
of an iron content slightly above the theoretical saturation level.

The susceptibility values are calculated per gram atom of iron and reduced
to 293° K with the assumption that Curie’s law is valid. The spreading of the
separate determinations on every sample gives a standard deviation of the
mean of about 4 150+ 10-% cgs emu. Another error of 4 350 - 10-% cgs emu
is due to uncertainties in the diamagnetic correction and has the same sign in
all determinations. As is seen, the different and small amounts of non-spe-
cifically bound iron do not influence the average susceptibility to any detect-
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ible extent. The non-specifically bound iron has thus much the same suscep-
tibility as the specifically bound. As a mean value of the susceptibility of the
iron in Fe-transferrin we accept 15 700 (4 500). 10-® ogs emu at 293° K.
This corresponds to an effective magnetic moment, ues = 6.08 (4- 0.10) Bohr
magnetons. Preliminary measurements on three samples, containing slightly
less iron than those described in the table, also indicated & us of about 6.1.
No foreign heavy metal ions that could contribute to the paramagnetism of the
solution could be detected by common chemical methods.

One part of sample No. 4 was diluted with phosphate buffer of pH 6.5 to
final concentrations of 3.19 9, protein and M /30 phosphate. When hydro-
sulfite, 56 mg per ml solution, was added, the solution started to decolorize
rather slowly. The extinction values in the wavelength region, 420—600 myu,
decreased in proportion. The process could not be followed to the end as tur-
bidity occurred. When the extinction at 470 mu had diminished to 50 %,, the
solution, which was still clear, was measured in the magnet. The result showed
thaf the decolorized iron had a susceptibility of 11 000 - 10-¢ cgs emu corre-

sponding to u« = 5.1 Bohr magnetons.

Table 1.
Protein Fe . _; Number of
Saﬁn_:(\)ple cone. cone. Fef I:l}Otem {': ;;:;“" f&’% ; magnetic lg(‘)g:’cmsoe]r;nu
: mg/ml »/ml 00 (4 determ. g8
1 27.3 34.7 1.27 . 0.486 4 15 900
2 22.7 28.4 1.25 0.556 4 15 500
3 44.56 56.4 1.27 0.540 4 15 800
4 63.8 86.2 1.34 0.506 3 15 600

The diamagnetism of the protein was determined by a series of five measure-
ments on an *’iron free” sample with 21.4 mg protein per ml and 2.0 y iron per
ml. The mean difference reading on the micrometer could be used immediat-
ely for diamagnetic correction of the readings in the experiments already descri-
bed, if the iron contents were properly reduced because of the small but not
negligible iron content of the “iron free” sample. To evaluate the true dia-
magnetism of the protein we have corrected for the paramagnetic contribution
of this iron. For the partial specific volume of transferrin we take the figure
0.725, determined by Oncley, Scatchard and Brown 1 on a 70 %, pure material.
If we assume that Wiedemann’s additivity law is applicable and that the gram
susceptibility of water is equal to —0.7200 « 10-¢ cgs emu we find the gram
susceptibility of transferrin to be —0.586 (- 0.007) « 10-¢ ogs emu at 293° K.
A small correction has been made, due to the physically dissolved oxygen,
but it does not amount to more than one unit in the third decimal.

DISCUSSION

As already mentioned the transferrin molecule is capable of combining
with two atoms of iron. There is some doubt whether this reaction takes place
in one step or two, or, whether the active sites of the molecule are close enough
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- to each other to bring about an interaction between them 1. Different possible:
structures have to be proposed and their theoretical magnetic moment has to
be compared with the value per = 6.08 (4= 0.10) B. m. (Bohr magnetons)
obtained in the present investigation.

We first assume that no tnteraction exists between the two iron atoms bound
to the same protein molecule. In this case the possibility of divalent iron can
be ruled out at once, as it would exhibit a maximal effective moment of 4.90
B. m. or slightly higher, due to incomplete quenching of the orbital moment.
All experimental values of pey of ionic ferrous iron in magnetically dilute solids
or solutions lie between 5.1 and 5.6 B. m., which is definitely lower than the
6.08 B. m. of Fe-transferrin. Ferric iron, however, would give gt = 5.92
B. m., if it is bound with essentially ionic bonds. Experimental values are
often close to that figure, but usually lower, probably due to deviations from
the Curie law. Higher values seem to be rare, if any. Because of the small
difference between 6.08 (4 0.10) B. m. and 5.92 B. m. a structure with ionic
trivalent iron is rather possible in the case of Fe-transferrin.

The other extreme possibility is that complete magnetic coupling occurs
between the two iron atoms in Fe-transferrin. This means that they can
be treated as an entity and, if the electronic spins only are magnetically
active, the effective magnetic moment per iron atom can be calculated accord-

ing to the formula u = '3 n(n + 2) B. m., where n is the total number of
odd electrons in the entity. Two trivalent iron atoms with five odd electrons

each would thus give pes = 160 = 7.75 B. m. The large difference between
this figure and the experimental one makes the proposed structure improbable.
Two trivalent iron atoms, one with five and one with three odd electrons,
or two divalent iron atoms with four odd electrons each would both give
Uets = 6.33 B. m. Since the orbital contribution has been overlooked, the
figure 6.33 is probably somewhat too low but anyhow close enough to the
experimental value to require discussion. The strong magnetic coupling assu-
med here calls for a rather compact and stable structure, especially in the case
of trivalent iron, where a kind of resonance between the iron atoms must be
postulated. Such a stable structure is not easy to reconcile with the fact that
the combination between iron and transferrin is an easily reversible reaction.
From a chemical point of view the case of divalent iron is further improbable.
On these grounds we believe that strong interaction does not occur between
the iron atoms of Fe-transferrin.

The best explanation of the experimental value u.s = 6.08 (4 0.10) B. m.
seems to be that the iron in Fe-transferrin is trivalent and bound with essen-
tially ionic bonds. The fact that the observed value is higher than the expected
one of 5.92 B. m. might be interpreted as due to a weak interaction between the
two iron atoms in each protein molecule, which in such a case may not be situa-
ted too far from each other. To illuminate the proposed interaction further
magnetic measurements over a temperature range and detailed studies of the
coupling reaction between ionic iron and transferrin are highly desirable.

The value ues = 5.1 B. m. obtained for the iron after decolorisation is just
what would be expected for divalent ionic iron. We can thus state that if
transferrin forms a compound with ferrous iron, it is either uncolored and ionic
or it is unstable in the presence of phosphate ions at pH 6.5.
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Studies on Arsenic Trichloride as a Solvent
II. On the Constitution of Solutions in Arsenic Trichloride

INGVAR LINDQVIST

Institute of Chemistry, University of Uppsala, Uppsala, Sweden

The importance of ionic transfer processes in acid-base reactions in
AsCl is discussed, and the way in which they differ from Lewis’
acid-base concept is pointed out. A program for experimental studies
to explore the constitution of solutions in arsenic trichloride is suggest-
ed. It is partly based on a discussion of the possible similarities with
aqueous solutions.

ACID-BASE CONCEPT

In connection with studies on non-aqueous solvents three main acid-base
concepts have been advanced: the solvent system concept, the protonic
concept and the electronic theory. They are excellently reviewed by Audrieth
and Kleinberg ! in the book ’Non-aqueous solvents”. In a recent paper 2 a
development has been made of the solvent system concept, focussing the
interest on the ionic transfer processes possible in different solvents. This
represents at the same time an extension of the protonic concept to non-
protonic solvents. Flood’s ? treatment of oxide melts is also included.

The new concept defines acids and bases in AsCly in the following way:
acid + CI' = base (cf. acid = base + H') or base - solvent = acid 4+ CI"
(¢f. acid + solvent — base + H' in some cases5).

AsCl, is an ampholytic solvent and can react as an acid as well as a base:
AsCly + CI' = AsCl,” and AsCl; = AsCl," + CI". It has therefore a characte-

ristic auto-ionization: 2 AsCly = AsCl," + AsCl,”, which is the basis for the
solvent system definition.

‘AsCl,” evidently corresponds to HyO" in aqueous solutions and when the
discussion is limited to AsClg solutions we can therefore use the term CI- in the

same way as we use H* in aqueous solutions.
Acids will decrease and bases will increase the CI” concentration in AsCl,

(cf. the H™ concentration in aqueous solutions).
Examples of acids are FeCl; and SnCl, which can form the ions FeCl,~

and SnCli~ and thus consume CI" ions.
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A typical base is (CH,),NCI which as a salt contributes Cl- ions to the solu-
tion. Another base to be discussed later is pyridine. »

The new concept is more to be considered as a method for a unified treatment
of what we call acid-base reactions in non-aqueous solvents and salt melts than
as a contribution to the discussion of the formal definition of acids and bases.

. For that purpose there exist more symmetrical definitions ¢ which, however,
are purely formal. :

It is of particular interest to compare the new concept with Lewis’ theory,
according to which an acid is an electron pair acceptor, a base is an electron
pair donor. The difference in the two concepts is best shown in the two different
ways of considering the reaction between pyridine and arsenic trichloride:

CsHgN: -+ AsCly = C;H,N:AsCly = C;HyN:AsCl,* + CI

The acid-base process is here, according to Lewis, the first step, that is
the formation of an electron pair bond. That reaction would not change the CI”
concentration in AsClg, however. The acid-base process described as a transfer
of chloride tons would obviously be the second step. :

The two definitions evidently have different aims. The reactions included
in the Lewis theory are the same as those which cause the colour changes of
indicators. The new concept on the other hand focuses interest on the transfer
processes of ions, which can be studied indirectly with indicators but more
directly with electrochemical methods.

THE EXPERIMENTAL STUDY OF IONIC TRANSFER PROCESSES

If the chloride ion transfer is the fundamental reaction in AsCl; there must

exist AsCL,™ and AsCl,” ions. The existence of such ions has only been proved
indirectly and we have no knowledge of their structures.

The simplest indirect experimental evidence is obtained by preparations
of compounds that may contain those groups. Thus the compound AsSbCl,
has been interpreted as AsCLSbCly?, and the formula (CH,),NAsCl? as an
indication of the presence of a AsCl,” ion. These ideas have also been checked
by conductometric neutralisation titrations’, and must be considered to be well
founded, although not conclusively so. Successive heating of the compound
(CH,),NAsCl, - 2 AsCly also indicates that one AsCl, is more strongly bound
than the two others 8.

If we thus confidently assume the existence of groups AsCl,* and AsCl, it.
remains to be found whether there is any sense in speaking of a Cl- concentration
in AsClg. The existence of a pCl value is a condition for a successful quantitative
application of the set of formulae already developed in the Bronsted theory
to describe protolytic processes. In HyO the pH values can be determined by
electrochemical methods and the analogy would demand the possibility of
determining pCl in a similar way. The problem is of course to find a reversible
CI” sensitive electrode. AgCl is classified as very slightly soluble in AsCly” and
the possibility is then given of measuring concentration elements in AsCl,.
The cell would be

Ag, AgCl | CT (Cy) in AsCl, || CT (Gy) in AsCl, | AgCl Ag
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Such measurements have been made and will be reported in a following paper ?.
It is a difficult task to determine CI” concentrations in this way because of the
large activity correction connected with the low dielectric constants of AsCl,.
(SeOCl, would be a more suitable solvent for exact investigations.) The shape of
titration curves, pCl (emf.) against acid added to a base, show, however, without
-doubt the analogy with pH measurements in water. It also proves the existence
of a defined ionic product Casci,* * Casci,” = K, characteristic for auto-ionized
solvents.

Measurements of electrical conductivity have mostly been used in connection
with conductometric titrations?, but an effort has recently been made to
prove the validity of the Onsager-Debye-Hiickel theory for a strong electrolyte
in AsCly; and to determine the acidity constants of some weak acids (V. Gut-
mann 19), Determinations of transference numbers would also be of interest.
Of course, measurements of all kinds of osmotic properties would give interest-
ing information, too.

Studies of frequency shifts in As—Cl vibration spectra with different
methods might give valuable indications about the degree of association in
liquid AsCl; and about the interaction between acids or bases and AsCl,.

COMPARISON WITH WATER AND AQUEOUS SOLUTIONS

The preliminary experimental investigations indicate the importance of
chloride ion transfer in acid-base reactions in AsCl;. The effect on pCl can be
considered as a formal expression of an ionic transfer process but does not give
any information about the mechanism of the transfer. An atomistic description
of the constitution of AsCl, solution has still to be given. No structural work
has as yet been done but a comparison with water and aqueous solutions may
lead to a crude hypothetical picture apt to incite essential experimental studies.

The present state of knowledge about water and the compounds obtained
from aqueous solutions is here briefly summarized for the purpose of comparison
without any pretentions of completeness.

The structure of ice is well established. Each oxygen atom is surrounded
tetrahedrally by four others. (This low coordination may be compared with
12 for dense packing.) The hydrogen atoms are distributed between the oxygen
atoms, two hydrogen atoms being closely associated with each oxygen atom.
The O—H...O bond is called a hydrogen bond.

When ice melts the lattice is partly broken down 11, 12, because part of the
hydrogen bonds are broken 11,12 or bent 3. As a result of the partial dense
packing, the average coordination number of oxygen is increased 1! from 4
to 4.9 at 80° C. The resulting differential increase of density is compensated at
4°C by the thermal expansion which makes the average distances longer.
There is no doubt about the association of the water molecules to an ice-like
structure, it may then be described as a ’broken down ice structure’ ! or as
a “network of pliable, branched chains of tetrahedra’ 12,

The crystal structures of the compounds HNO, « H;0'* and HNO, - 3 H,0®
show that there are hydrogen bonds between oxygen atoms in the nitrate
groups and the water molecules. It has even been possible to prove the
complete proton transfer from HNO, to H,O in HNO; « 3 Hy;O. The structure
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suggested for aqueous HNO, solutions 1¢ is not quite in agreement with the
structure found in the solid state. The discrepancy is probably due to the fact
that Finbak 16 has overemphasized the importance of the tetrahedral coordina-
tion around the water molecules.- In the solid state water molecules are found,
which actually have triangular coordination 14,15, The assumption of an
arrangement of the H,O molecules around HNO, in such a way as to permit a
proton transfer from HNO; to Hy,O along hydrogen bonds is not influenced by
this discrepancy. In dilute solutions of the strong acid HNOg the proton trans-
fer is complete while only part of the protons are transferred from a weak acid
to H,O (or hydrogen bonds are formed with other acid molecules). The hydro-
gen bonds have of course a dynamical character in solutions, they are broken
and redistributed and there is an average number of hydrogen bonds 12 deter-
mined by the temperature and by the nature and concentration of the solute.

In the same way NH; molecules form hydrogen bonds with the water
molecules along which protons are partly transferred from H,0 to NH, forming
NH,* and OH- ions.

An addition of acid evidently results in an excess of protons in the water
structure, symbolized as H,,0+. In a similar way a base gives rise to a proton
deficiency symbolized as OH~. The pH value of a solution is dependent on this
proton excess or proton deficiency.

The arrangement of water molecules around ions which do not function
as acids or bases has been extensivily studied in the solid state structures of salt
hydrates. It has been shown in an excellent review 17 that the water molecule
does not exhibit any tetrahedral character in such compounds but demonstrates
one positive and one negative side. The hydration of ions in aqueous solutions
is usually explained in a similar way. In the case of large ions with small
charges, such as Cs™, the water molecules around the ion will still belong to the
water structure. With decreasing size or increasing charge hydrated ions
such as Mg(H,0)s" are formed. A further change will lead to a proton repulsion
as in the case of AI3™, causing the acidic properties of an AlCl, solution.

It seems as if proton transfer is intimately connected with the existence of
hydrogen bonds along which the transfer can take place without any other
structural changes. There are, however, acid-base reactions which involve
drastic structural changes: 7 MoO;~ + 8 H' = Mo,0.4~ + 4 H,0.

The existence of hydrogen bonds may be considered as due to the smallness
of the proton which makes any other oxygen coordination than two around the
protons very little probable. The hydrogen bond thus cannot be expected
necessarily to have an analogy in other ionic transfer processes.

As a basis for discussion of the constitution of AsCl, solutions we have no
more knowledge than of the structure of the free AsCl; molecule 18, a pyramid
with the As—Cl distances 2.16 + 0.03 A and the Cl—As—Cl angles 103 + 3°.
It can also be described as a slightly distorted tetrahedron with one vacant
position. The cohesive forces in the solid AsCl; are probably determined by the
interaction between such molecules. It would therefore be interesting to know
the coordination around an AsCl; molecule and whether the structure is such
as to permit the existence of chlorine bonds and thus ionic transfer (at the auto-
ionization) without any other structural changes. It is easy to derive such
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structures making different assumptions, but it is not worth-while to discuss
them all because they are quite arbitrarily obtained. To demonstrate the
principles one single case will be mentioned, namely the formation of chains
of distorted AsCl, tetrahedra in the structure. That would include chlorine
bonds from one arsenic atom to the other

Cl Cl Cl
...Cl—As...Cl—As...Cl—As.
Cl Cl Cl

- Formation of AsCl,” and AsCl,” would then be possible by a simple transfer
process without any further structural changes.

For many reasons this hypothesis is not very probable. It isrecognized that
the lone electron pair in AsCl, is of importance for the structure, and it is often
arbitrarily assumed to be situated in the fourth corner of the tetrahedron

Cl
:As—Cl. In the same way the structure of AsCl,” would be determined by the
Cl

Cl cl

following electron distribution | :As and thus have a trigonal bipyr-
|
1
a °

amidal structure with one vacant position and not a tetrahedral structure.

Only structure determinations can give a definite answer to this problem
and thus indirectly to the question how a chloride ion excess or deficiency is
distributed in the liquid structure.

Comparison with the structures of some other solid non-aqueous solvents
supports, however, the idea that chlorine bonds do not exist. If the structure of
the solids is mainly preserved in the liquid state ionic transfer without other
structural changes is not possible in SO,* or CCClL20.

A consideration of the solution of SnCl, in AsCl; will give further aspects
of the problem. The SnCl, molecule has a tetrahedral structure and must
increase its coordination to an octahedral structure in the acid-base reaction
SnCl, 4+ 2AsCl; = SnCls~ 4 2AsCL*. The chloride ion transfer here is
connected with a complete change in the distribution of the chloride ions
around the Sn atoms. Of course there is a possibility that an intermediate
compound SnCl,(ClAsCl,), exists with an octahedral coordination. This
possibility has a perfe ct analogy in aqueous solutions: CO, 4+ H,0 = H,CO,
=H"* + HCO,".

Evidently such molecules or ions will function as acids which have a chloride
ion affinity. This may partly be determined by purely geometrical considera-
tions. The low chloride ion affinity of bases can in some cases be explained as a
repulsion effect. There is thus an analogy between the two reactions:

C,H,NAsCl, = C,H,NAsCL" +CI  (N—Cl repulsion)
and
Al(OH,)it = AI(OH)(OH,);" + H' (AI—H repulsion)
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Whatever is the mechanism of the ionic transfer processes in AsCl, it will
result in chloride ion excess or deficiency, which can be measured.
All the problems discussed here are evidently very much dependent on the

charge distribution in AsCly. Ions such as (CH,)4N+ are probably surrounded
by AsCl; molecules turning their negative sides against the positive ion. The
knowledge of the structures of solvates is thus of fundamental importance
for any effort to discuss solvation processes or to obtain a picture of the struc-
ture of solutions in AsCl,.

PERTINENT STRUCTURAL PROBLEMS

An attempt has been made to show that our present knowledge permits
only vague ideas about the constitution of AsClj-solutions and to point out
some pertinent structural problems which are here summarized:

1. The structure of solid and liquid AsCl; is of basic importance in any
structural discussion of AsCly solutions.

2. The structures of the ions AsClL," and AsCl,” might explain how Cl"
excess or deficiency is manifested in the liquid structure.

3. The knowledge of the structures of solid solvates is necessary for any
detailed discussion of solubility and solvation conditions in AsCl;-solutions.

Of course these points apply directly to the study of other auto-ionizing
solvents.
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Studies on Aréenic Trichloride as a Solvent

III. Potentiometric Acid-base Titrations in AsCl;

LARS HENRIK ANDERSSON and INGVAR LINDQVIST

Institute of Chemistry, University of Uppsala, Uppsala, Sweden

Potentiometric titrations have been carried out in AsCl, solutions
using Ag, AgCl electrodes. The idea of a Cl- ion concentration gcvern-
ing the acid-base processes has been confirmed by these measurements.

In the preceding paper! the importance of potentiometric measurements of
pCl in AsCl; solutions was pointed out and the use of Ag, AgCl-electrodes
was suggested. This paper will deal with the possibilities of measuring large
PCl changes in potentiometric acid-base titrations in AsCl;. The definition
acid 4 CI” = base leads to the use of the following concentration cell:

Ag, AgCl | CI' (Cy) || OF (C,) | Ag, AgCl

Titrations have been carried out with the acid FeCl; against the bases
(CH,),NC1, C;HN, (C,H,),NH and with the base (CH,),NCl against the acids
FeCl; and SbCl;.

A comparison with a conductometric titration has also been made.

EXPERIMENTAL

Chemicals used. Commercial AsCl; was purified by two distillations at a
final boiling point of 229° C. The conductance of the distilled AsCl; was measured in the
part A of the receiver (Fig. 1). (The instrument used was a Philips Philoskop, type GM

. 4140, and the measurements were performed at a frequency of 1 000 p/s.) As long as the
:conductance was considered to be too high the liquid was poured out through K to B.
+When the purity was satisfactory the liquid was permitted to through the syphon
S to C. Table 1 shows the results of one such distillation. The fractions following 7 gave
" the same conductance and were all collected in the flask C. The conductance was constany

iafter 12 hours. The lowest value 3 previously measured in AsCl, seems to be 1.4—1.6 . 10~
"ohm-! cm™ at 0° C. Our value obtained at + 19° C is considerably lower, although the

-conductance of AsCl; has a positive temperature coefficient 2. ‘
The other chemicals were all purified by standard methods, with particular care to

. keep them dry. :

Electrodes. The Ag, AgCl electrodes were made according to Brown 3. Before
iuse they were left in ethyl ether for 24 hours and then heated to 130° C during one hour.

Acta Chem. Scand 9 (1955) No. 1 6
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The design of the cell is shown in Fig. 2 a. The reference electrode R is filled with a
solution of (CH,)NCl in AsCl,. The carefully ground-in stopper at J still permits an
t(agmhbnum potential to be obtained. Emf was measured with a vacuum tube voltmeter

rmi).

Apparatus. Preliminary experiments showed that it was most unsatisfactory to
use stopcocks,in the apparatus because of the creeping out of the AsCl, solution and be-
cause of chemical reactions with every available type of grease. A special titration appara-
tus was therefore designed to avoid stopcocks or any contact between solution and ed
parts (Fig. 2 a and b). The reagent solution is passed from the vessel V into the %-tube
system consisting of tubes A and B. The addition of reagent to the solution in K takes
place in the following way. The whole apparatus, Fig. 2 a, is tilted clockwise in the

lane of the paper. The buret is then turned around S so that the solution will rise in A.

e solution will begin to flow from A to C at about 90° rotation and the bent tip at T will
then point downwards allowing a drop-wise addition of solution. (The amount of solution
in A—B must be such that it can be completely transferred to A.) The apparatus could
readily be manipulated in such & way that the solution in C would flow back into A—B.
By means of a calibrated scale attached to A—B volume readings were taken before and

r the addition of solution through C. During the conductometric titration a conduct-
ance cell (of the same shape as shown in Fig. 1) replaces the electrode system.

Results. The results are summarized in Table 2 and Figures 3—5.

DISCUSSION OF THE RESULTS

The ionic character of the reactions studied here has previously been
established by conductometric titrations 4. The fact that the potentiometric
titrations give as satisfactory results as indicated by Table 2 shows further,

Table 1.
Fraction Spec. cond.
no. ohm-! ecm-!
1 ©5.7.10-¢
2 1.8 .10-¢
3 1.0 - 10-¢
4 56107
5 2.8- 1077
6 1.2.10-7
7 1.0 - 107
Table 2.
Solution in K End.-point (ml) Solution in V ,
mmole solute mmole solute | Fig. no.
. Found Solute [ —
Solute T000 g AsCl, Calc 'oun olu 1000 g AsCl,
(CH,),NC1 0.21 2.55 2.56 FeCl, 1.4 "3 a
s ELs 0.50 6.36 6.54 FeCl, 1.4 3b
(CyH;):NH 0.3 2.2 2.34 FeCl, 1.4 3¢
FeCl, 0.26 2.69 2.68 (CH,),NC1 1.7 4a
SbCls 0.47 2.96 3.01 (CH,)NC1 1.7 4b
(CH,) NC1 ro29 m| 438 4.39 FeCl, 1.4 5
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drying tube

-

Fig. 1. Reception part of the apparatus Fig. 2 a. Titration apparatus.

used for purification of AsCly by distil- b. Perpendicular view of the buret.
lation. .
mV mV
400 400
300 300
200t 200
100 100
[
) 1 1 L A ml L 1 i 1 IMI
1 2 3 4 5 2 1 6 8 o0
a b

Fig. a. b. Potentiometric titration curves (see Table 2).

that the Ag, AgCl electrode behaves at least roughly as a pCl electrode. There
is thus reason to speak of a CI” concentration in the AsCl, solution and to write,
e.g., the reaction between (CH,),NCl and FeCl, as

CI" + FeCl, = FeCl,~

The existence of an ionic product and of a scale of acid and base strength follows
from the confirmation of the existence of a'Cl"-concentration. The former may
be best studied by conductometric methods ®. .

Acta Chem. Scand 9 (1955) No. 1
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mV
400}
300}
200}
100}
[
) ml Fig. 3 c. Potentiometric litration curves
PSS L — C (see Table 2).
! 2 3 4
v
so0 "
400
4
300" | 300
200 200
100+ 100
a n A 1 l’nl b [ 1 i 1 ml
1 2 3 4 ! 2 3 4 5
Fig. 4. Potentiometric titratton curves (see Table 2).
L .04
25F 510
(-]
20
1.5+
]
: ; Fig. 5. Conductometric titration curve
b, " (see Table 2).
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A maximum value can be obtained for the product K = CA,cl,+ «Casy,” if
we assume that the liquid junction potential can be neglected and that
(CH,),NCl as well as SbCl; are strong electrolytes in AsCl;. We obtain from Fig.
4 b

460—215 I
Yy, pk= 60 ~— log Csue,,

giving pk > 15 and CA,Cl,+ o+ Casct, < 10-15,

We cannot hope to come further with the potentiometric methods without
elaborate experiments and extended theoretical calculations. There are differ-
ent reasons to expect difficult problems:

The unknown liquid junction potential.

. The unknown degree of dissociation of the acid and base solutions in A.sCl,
. The unknown acid-base behavior and solubility product of the slightly
soluble AgCl in AsCl,. .

. The difficulties involved in determining the activity factors in solvents
with low. dielectric constants.

[ Rl el

These problems are too complex to give much hope of a very accurate treat-
ment. We intend, however, to explore further the possible usefulness of the
potentiometric methods for studying ionic reactions in AsCls and other solvents.

This work has been supported by a grant from the Swedish’Natural Scwnce Research
Council which is here gratefully acknowledged. We also wish to thank-professor G. Higg
gir all facilities put at our disposal and Mr. N. Larsson for valuable help with the glass

owing.
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The Alkylation of Lignin with Alcoholic
Hydrochloric Acid

- ERICH ADLER and JOSEF GIERER

Institute of Organic Chemistry, Chalmers Technical University, Gothenburg, and Wood
Chemistry Department, Swedish Forest Products Research Laboratory, Stockholm, Sweden

Brauns’ ’native lignin’’ from spruce was shown to contain 0.12 CO
groups Ber methoxyl. By reduction with sodium borohydride a
practically carbonyl-free preparation was obtained: The original as
well as the reduced lignin were subjected to treatment with 0.5 %,
methanolic hydrochloric acid either during 48 hours at room tempera-
- ture or during 2.6 hours under reflux. Extensive methylation took
gl:ce in each case, the ratio OCHj introduced/OCHj orig. present ranging

m 0.41 to 0.52.

From these results it is concluded that the methylation is not
due to acetal formation. The most probable explanation is the
etherification of benzyl alcohol groups and the re-etherification of
benzyl ether groups present in >native lignin”.

n 1893, Klason! made the observation that some lignin was brought into

solution when spruce wood was heated with ethanol containing a small
amount of hydrogen chloride. This reaction has been studied more closely by
Holmberg 2, 3, who found that the formation of the “ethanol lignin” involves
the uptake of approximately 0.5 ethoxyl groups for every methoxyl present in
the lignin. Several alcohol lignins have been prepared from wood by using
alcohols other than ethanol, and in all cases alkylation of the lignin was de-
monstrated 4, 5. Similarly, “’native lignin”’, isolated according to Brauns’
method, <. e., a lignin fraction which is extracted from wood by ethanol at room
temperature and which amounts to a few per cent of the total lignin, is methyl-
ated when heated with methanolic hydrochloric acid ©.

This alkylation of lignin has been interpreted mainly in two ways. Holm-
berg and Runius 2 assumed that lignin contains carbonyl groups partly invol-
ved in an acetal-like linkage between lignin and carbohydrates. Heating with
alcoholic hydrochloric acid was then believed to bring about an acetalization
(1) of free carbonyl groups or a re-acetalization (2) of bound carbonyl groups.

1 c=0
1) > ROH OR

OR, > > C<
) >C H+ OR
OR,
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This view, which was shared by several other authors, seemed to find sup-
port in the fact that the alkoxyl groups were removed when the alecohol lignin
was treated with strong acids 7.

An alternative explanation was suggested by Holmberg 8 in 1935. On the
basis of experiments with model substances, such as a-phenyl ethyl alcohol
and benzhydrol, he assumed the presence in lignin of exceedingly reactive
alcoholic hydroxyl or ether groups, viz., benzyl alcohol or benzyl ether group-
ings. The alkylation reaction was then ‘considered. as an etherification of ben-
zyl alcohol groups (3) or a re-etherification of benzyl ether groups (4), or both.

—J)OH

(3) \

CH, ——(IJOR
° ROH
| ar
 _COR, OCH,
N b
@) |
OCH,
—0

The same types of groups were assumed to be responsible for other typical
lignin reactions such as the sulphonation with sulphite solutions and the for-
mation. of lignothioglycolic acids.

Concerning the two last-mentioned reactions, and especially the sulphona-
tion, Holmberg’s benzyl alcohol and benzyl ether hypothesis has been suppor-
ted by a vast amount of experimental work (cf. Lindgren ?).

The alkylation of lignin, however, has been comparatively little studied and,
until recently, has been interpreted in the sense of Holmberg’s older theory.
Thus, Brauns expressed the view that the methylation, which takes place
when isolated “’native lignin” is heated with methanolic hydrochloric acid, is
probably due to the acetalization of carbonyl groups ¢ 10, It is known, how-
ever, that p-hydroxybenzyl alcohols are readily etherified by alcoholic hydro-
chloric acid, and also that corresponding benzyl alkyl ethers are re-etherified
under very mild conditions 11, With this fact in mind it was attempted to find
conclusive evidence for the mechanism of the alkylation reaction.

The lignin material used in the present work was ,,native lignin’ isolated
according to Brauns ® from spruce (Picea excelsa). The preparation contained
14.67 9, OCH;. By potentiometric titration of the hydrochloric acid which
was liberated when the lignin was treated with hydroxylamine hydrochloride,
the preparation was found to contain 1 CO group per 8.3 OCH; groups
(CO/OCH; = 0.12). Since ’native lignin”’ contains roughly one coniferyl
aldehyde group per forty methoxyl groups 2, about every tenth guaiacyl
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propane monomer thus carries a carbonyl group not belonging to a coniferyl
aldehyde structure.

On treatment of the ’native hgmn with sodium borohydride in aqueous
ethanol, a reduced “native lignin’ with a methoxyl content of 15.19 %, was
obtamed in which only traces of carbonyl groups (a.bout 3 9% of the amount
ongma.lly present) could be detected (see Fig. 4). The presence of carbonyl
groups in the original preparation and their elimination on sodium borohydnde
reduction was also demonstrated by infrared absorption measurements *
Whereas the original ’native lignin” shows a definite band in the C=0 reglon
(about 1 660 cm1), only a slight inflection is observed at this position in the
absorption curve of the reduced lignin (Fig. 1, a and b).

T T “T

o
“

3

N
("]

b ¢ d

Per cent absorption

L 4 1 1 I I 1 1 L L L

. 1800 1600 1700 1500 1700 1500 1700 1500 cm”

1

Fig. 1. Infrared absorption curves. a. Native lignin. b. *Native lignin’, reduced with

sodium borohydride. c. Native lignin, methylated with 0.5 9% CH,OH—HOl (48 h,

room temp. ). d. *Native lignin”, methylated with 0.5 % CH,OH—HCl (2.5 h, reflux ).
The arrows mark the position of the C =0 absorption.

Fig. 2 shows the ultraviolet absorption curves of the original and the
reduced ’’native lignins”. The reduced product gives a considerably lower
absorption in the range above 300 mu compared with the original preparation.
The decrease must be partly due to the reduction of coniferyl aldehyde residues,
which cause a comparatively high extinction in this wavelength range 13,
yielding coniferyl alcohol groups. This is also indicated by the fact that
the reduced product does not give the colour reaction with phloroglucinol and
hydrochloric acid, in contrast with the original preparation ¢, Further, the
nearly white colour of the reduced product suggests that quinoid groupings
have been eliminated.

The original as well as the reduced lignin were subjected to methylation
with methanol containing 0.5 9, hydrogen chloride, 4. e., the reagent used by
Brauns ¢ in the methylation of “native lignin’’ from black spruce (Picea ma-
riana ). In Brauns’ experiments the reaction mixture was heated under
reflux for 2.5 hours. It was found, however, that treatment at room tempera-
ture during 48 hours was sufficient to produce extensive methylation, and
therefore the experiments were carried out both at room temperature (48 hours)
and under reflux (2.5 hours)

" __* The authors are indebted to Dr. K. Almin for kindly carrying out the infrared measurements.
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Fig. 2. Ultraviolet absorption curves. Curve 1: Native lignin”. Curve 2: ’Native

Uignin”, reduced with sodium borohydride. Based on methoxyl concentration. Solvent:
96 %, ethanol.

The ultraviolet absorption curves of the resulting methylated products
(Fig. 3) do not reveal any distinct structural changes due to the methylation
when compared with the absorption of the corresponding starting materials
(Fig. 2).

The analytical findings are summarized in Table 1. From the increase in
the methoxyl content after methylation at room temperature, it can be. cal-
culated that the original ’native lignin’’ acquired 0.47 new OCHg groups for

Table 1.
After methylation After methylation
Lignin Before at room temp., 48 h at reflux, 2.6 h
o lggti on methylation -
prep % OCH, 9, OCH OCHj; introd. 9 OCH OCHj introd.
(v] t (] 3
OCH, orig.pres. OCH, orig.pres,
”Native lignin” 14.67 20.49 0.47 21.09 0.52
Reduced
“native lignin” 15.19 T 20.46 0.41 21.02 0.46
[0.47] {0.51]

Acta Chem. Scand 9 (1955) No. 1



88 ADLER AND GIERER
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Fig. 3. Ultraviolet absorption curves. Curve 1: > Native lignin’, methylated with 0.5 %

CH,OH—HCl (48 h, room temp.). Curve 2: Native lignin”, methylated with 0.5 %

CH,OH—HCl (2.5 h, reflux). Curve 3: Sodium borohydride-reduced “native. lignin’,

methylated with 0.5 % CH,OH—HC! (2.5 h, reflux). All curves based on concentration
of OCHj present in unmethylated starting material. Solvent: 96 % ethanol.

every OCHj originally present. The corresponding value, 0.52, obtained when
the reaction was performed under reflux, is in good agreement with the result
reported by Brauns® in the case of black spruce “’native lignin”. ,

The most important finding shown in Table 1 is that the reduced lignin
‘preparation behaves similarly to the original lignin. The methoxyl values of
the methylated reduced preparations are practically identical with those of the
methylated non-reduced lignins.

Due to the fact that the methoxyl value of the reduced lignin (15.19 %) is slightly
higher than that of the original lignin (14.67 %), the ratio OCHj introduced/OCHj orig. present
becomes somewhat lower in the first case than in the latter one. One might assume
- that the comparatively high methoxyl value of the reduced lignin is caused by an etheri-
fication of some highly reactive hydroxyl groué)s by the ethanol used as a solvent in the
sodium borggfidride reduction and also present during the recovery of the reduced product.
Unintentio; temporary acidification after completed reduction (cf. experimental part)
might be sufficient to bring about such slight ethylation. If this assumption is accepted,
the alkylation values given in brackets are obtained. These *’corrected values’ are nearly
identical with those obtained in the methylation of the non-reduced lignin.

But even if no consideration is taken of such a correction, it is obvious that
methylation takes place to a very similar extent irrespective of the presence or
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absence of carbonyl groups in the lignin material. Hence, the methylation
cannot be due to acetal formation.

This conclusion is further supported by the fact that the carbonyl band
of the infrared absorption curve of ’’native lignin” does not disappear on
methylation (see Fig. 1, ¢ and d) *. Obviously, the carbonyl groups present in
spruce ’’native lignin’’ do not form stable acetals. If there is any acetalization
-during the interaction of the methanolic hydrochloric acid, the acetals or ketals
formed must be hydrolyzed again during the isolation of the methylated pro-
duct. It may also be noted that the carbonyl groups present in the original
"’native lignin” (0.12 CO/OCH,), if completely acetalized, could give rise to at
most 0.24 OCHj introqucea Per OCHj orig. present, Whereas the figures actually
obtained are 0.47 and 0.52.

The question now arises which types of groups are responsible for the
methylation.

It was found that the methoxyl content (20.1 9%, OCH,) of a methylated
product obtained by treatment of “’native lignin” at room temperature for
24 hours with 0.5 9%, methanolic hydrochloric acid, remained practically un-
changed in 0.1 N aqueous sodium hydroxide (48 hours, room temperature),
the recovered product containing 19.8 9%, OCH,. This result shows that the
introduced methoxyl groups are not present as ester groups. It is in agreement
with the alkali stability of the methoxyl and ethoxyl groups in methanol and
ethanol lignins from spruce wood as reported by Hibbert and Brauns 7, and by
Holmberg and Runius 2.

Since acetalization and ester formation can be excluded, the alkylation
must be due to the reaction of hydroxyl groups in the lignin. There are three
possible types of such groups which are sufficiently reactive to undergo alkyla-
tion with aleoholic hydrochloric acid.

One type to be considered is the a-ketol structure, the hydroxyl group of
‘which is known to be etherified by alcoholic hydrochloric acid 6. It is also
known by the work of Hibbert 17 that monomeric a-ketol ethers are formed if
wood or isolated lignin is heated for 48—72 hours with ethanolic hydrochloric
acid. The appearance of side-chains with an ¢-ketol structure with subsequent
etherification of its hydroxyl group during the treatment of native lignin with
methanolic hydrochloric acid might therefore be considered possible. In this
case, the alkylation of lignin would be expected to be accompanied by the
formation of keto groups. By means of the hydroxylamine hydrochloride
method it was found, however, that sodium borohydride-reduced and subse-
quently methylated ’’native lignin” (methylation during 2.5 hours under
reflux) was practically free of carbonyl groups. Hence, the methoxyl groups
introduced into the lignin are not present as e-ketol ether groupings.

Some years ago, Erdtman 18 suggested the presence of cyclic hemiacetal
structures (I) in lignin. The open hydroxyl group (OR,, R, = H) or an alkyl
derivative of it (—OR;) would be the site of the typical lignin reactions such
as sulphonation and alkylation with alcoholic hydrochloric acid. Sulphonation

* The opposite observation has been reported by Jones 15, who states that the absorption
band in the spectrum of black spruce ,native lignin” at 1 663 cm-! is no longer found in the
spectrum of the CH;OH—HCI methylated lignin. The reason for this discrepancy is obscure.

‘Acta Chem. Scand 9 (1955) No. 1



90 ADLER AND GIERER

CH,

studies with a model substance 18 containing a structure not very closely related
to I constitute the only experimental support hitherto available, and further
model ex?enments would be highly desirable. Although, at present, the pos-
sibility of structures like I being responsible for the alkylation and other re-
actions of lignin cannot be excluded, it appears that its further discussion must
be postponed until more expenmental material has been collected.

The benzyl alcohol and benzyl ether concept of lignin structure seems to
provide an excellent basis for the explanation of the alkylation with alcoholic
hydrochloric acid. In addition, the results reported in the present paper
strongly support this concept. The following structures, a—d, previously
suggested to be present in lignin of coniferous wood mainly as a result of sul-
phonation studies (cf. Ref. ?), can undergo alkylation in the benzyl position:

I ' l

L~ CEOR, CHOH CHOR,
@\@cn. <\\ocn, OCH, OCH,
OR, OR,
¢ ' d

The p-hydroxybenzyl alcohol structure @ and the p-alkoxybenzyl alcohol
structure ¢ will be alkylated by etherification, whereas the p-hydroxybenzyl
(alkyl) ether structure b and the p—a.lkoxybenzyl (alkyl) ether structure d
will react by re-etherification.

Direct experimental evidence for the occurrence in lignin of the phenolic
structures a and b has recently been provided. Thus, the “’quinone methide
reaction’ of “’native lignin”, briefly reported by Adler and Gierer ?, is probably
due to the presence of one or both of these structures, and the ,,mdophenol
reaction’’ of wood and isolated ’native lignin”, which has been described by
Gierer 20, has to be ascribed to structure a. '

. -The extent of methylation (about 0.5 OCHj introduced /OCH, orig. present)
indicates that the methylatable structures a—d constitute together about
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50 9, of the guaiacyl propane monomers of spruce “’native lignin’. This, of
course, is true only if not more than one OCHj is introduced into each of the
methylatable monomers. According to Gierer 20 structure @ occurs in 12—14 9%,
of the monomers.

If the carbonyl groups in “’native lignin’ (0.12 CO per OCHj), apart from
those belonging to coniferylaldehyde residues (about 0.025 per OCHj;), were
keto groups in the a-position of the side-chain, ¢. e., adjacent to the aromatic
nucleus, sodium borohydride reduction of the lignin would be expected to
produce about 0.1 new methylatable aryl carbinol group of the types represen-
ted by structures a and ¢. However, the methylation values of the reduced
lignin are not higher than those of the original preparation. This seems to
indicate that the carbonyl groups are mainly not in the e-position of the side-
chains. In agreement herewith, Gierer 2 arrived at the conclusion that phenolic
units with ¢-keto groups seem not to be present in “’native lignin’’, since the
amount of groups a, estimated by the ,,indophenol reaction’’, was not increased
after reduction of the lignin with sodium borohydride.*

It can be expected that the four structures a—d will differ in their reactiv-
ity towards alcoholic hydrochloric acid. In fact, model experiments, which
are still under progress 2!, have shown that p-hydroxybenzyl alcohols (type a)
. react faster than p-alkoxybenzyl alcohols (type c), and, in addition, there are
certain differences in reactivity between free benzyl alcohols (a, ¢) and benzyl
ethers (b, d). Furthermore, sharp dissimilarities have been found in the be-
haviour of different benzyl ethers. Whereas ethers, in which R, (in formulae
b and d) is an open alkyl residue, are readily re-etherified, cyclic ethers such as
dehydro-diisoeugenol and pinoresinol are more or less resistant to methanolic
hydrochloric acid under the conditions used in the present investigation.
Finally, it has been found that the course of the alkylation of aryl propane
derivatives containing the structures a—d is greatly dependent upon the
chemical nature of the substituents present at the f- and y-positions of the
propane side-chain. Thus, a closer examination of the alkylation of lignin, in
comparison with the behaviour of appropriate model substances, seems to
offer a new means of elucidating the principles of lignin structure. In this con-
nection, the finding that alkylation takes place under very mild conditions is
of comsiderable interest.

EXPERIMENTAL

Reduction of “native lignin” with sodium borohydride. The procedure has already
been described in a preceding paper by Gierer *. In the present case, the reduction was
carried on for two days at room temperature, and the alkaline reaction mixture neutralized
with hydrochloric acid.

Estvmation of carbonyl groups. Brauns’ “’native lignin” ¢ from spruce wood meal or the
sodium borohydride-reduced product (100 mg) was dissolved in 256 ml 96 %, ethanol.
The pH of the solution was adjusted to 3.5 by the addition of dilute aqueous hydrochloric
acid. A solution of 0.17 g NH,OH-HCI in 10 ml ethanol, likewise adjusted to pH 3.5,
was added. A stream of nitrogen was bubbled through the mixture, which after certain

* Note added in proof: In a recent publication a similar result was reported by
G. Aulin-Erdtman [Svensk Papperstidn. 57 (1954) 745], who found by spectrophotometric
measurements on different lignin preparations that the sum of a-keto groups and C—C
double bonds conjugated with the aromatic ring can not be greater than 0.01 —0.02 per OCH,.
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Fig. 4. Estimation of carbonyl groups. Curve 1: Native lignin”. Curve 2: Sodium.
borohydride-reduced native lignin®.

time intervals was titrated with 0.0099 N NaOH to pH 3.5 (glass electrode). . The consump-
tion of sodium hydroxide is shown in Fig. 4. The slow liberation of hydrochloric acid
indicated by the nearly linear slope of the right part of the curves is caused by some
oxidative decomposition of hydroxylamine, due to incomplete exclusion of air. The true
consumption of sodium hydroxide due to oxime formation was found by extrapolation to.
time zero.

»Native lignin” (curve 1): 100 mg lignin with 14.67 % OCHj, 4.e., 0.47 mequ. OCH,,
consumed 0.057 mequ. NaOH, corresponding to 0.057 mequ. CO. CO/OCH, = 0.12.

The reduced lignin (15.19 9, s) consumed about 0.002 mequ. NaOH (curve
2) . CO/OCH, = 0.004.

Methylation with 0.5 9, methanolic hydrochloric acid. The procedure was similar to that
already reported by Gierer 2. The lignin preparation (200 mg) was dissolved in 4 mF
absolute methanol, and 1 ml methanol containing 0.25 g hydrogen chloride was added.
The mixture was either allowed to stand at room temperature for 48 hours or refluxed
for 2.5 hours, then neutralized with a few drops of 2 JVP Na,yCO; solution and evaporated.
in vacuo to dryness. The residue was dissolved in 2 ml absolute methanol-acetone mixture:
(1 : 1), filtered, and washed with a few ml of the same solvent. The solution was poured
into 60 ml of water. The precipitate, after standing overnight, was collected on a glass
filter, washed thoroughly with water and dried in wacuo over phosphorus pentoxide.
The yield of this product was about 60 %. It was dissolved in dioxan and re-precipitated.
in ethyl ether ®. Yield about 50 9%, of the original lignin.

The calculation of the ratio OCHj introduced/ OCHj orig. present may be illustrated by the-
following example: .

Methylation of native lignin” in boiling CH;OH —HCI, 2.5 hours. “Native lignin”’,
14.67 % OCH,; methylated product, 21.09 % OCH,.

If methylation is assumed to involve the etherification of hydroxyl groups, the increase:
in weight is CH, = 14 for every introduced methoxyl group. If it is assumed to involve
the re-etherification of ether bridges, the corresponding increase is CHyOH =.32. The
mean value of 23 has been adopted for the present calculation.

The two equations

31.034 . 100
x

= 14.67,
and
(1 + y)- 31.034 . 100

%1y 23 = 21.09

give z (= the weight of one OCH; equivalent in "native lignin’’) = 211.5, and
¥ (= OCH,; introduced/OCHj orig. present) = 0.52.
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The Catalatic Decomposition of Hydrogen Peroxide and Its
Retardation by Azide

LIS SKOVSTED

Universitetets fysisk-kemiske institut, Copenhagen, Denmark

It is confirmed that at low concentrations of hydrogen peroxide
its catalatic decomposition follows a first order law. A linear relation-
ship between the reciprocal rate constant and the concentration of
azide ion is found. From the experiments the equilibrium constant
for the equilibrium between an inactive catalase-azide complex and
active catalase is determined.

eile and Hellstrom ! have shown that catalase is a hemoprotein in which
the hematin acts as a prostetic group.

In the present work horse kidney catalase is used. According to Bonnich-
sen 2 it has four hemine groups per molecule, while horse liver catalase contains
three hemines and one verdohemochromogen group.

Several theories have been advanced to explain the decomposition of
hydrogen peroxide by catalase. Theorell 2 and Chance ¢ both find that two
hydrogen peroxide molecules react with one catalase molecule. According to
Theorell each hydrogen peroxide molecule is attached to one hematin group and
from two such groups oxygen and water are subsequently released. Chance,
however, assumes that one hydrogen peroxide molecule is bound to one hematin
group and that this group then reacts with a free hydrogen peroxide molecule.

The decomposition of hydrogen peroxide by means of catalase is a first-
order reaction provided the catalase concentration is about 10- M 6, Svendsen?
has found that a first-order reaction is also obtained if the catalase concen-
tration is about 10-2° M provided the substrate concentration is low.

Experiments at low hydrogen peroxide concentrations (ca. 10-3 M) were
carried out and confirmed that the enzyme under these circumstances is not
(or at least only very slowly) inactivated by the hydrogen peroxide: The
first-order reaction constant was determined from 4—5 titrations during a time
. corresponding to one or two half-periods. After a further 5—6 half-periods
fresh hydrogen peroxide was added to make the concentration up to about
the original and measurements were again taken over about two half-periods
to give a new determination of the rate constant. Most frequently the two

Acta Chem. Scand. 9 (1955) No. 1
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determinations were identical; still it happened that the last was only say
eighty per cent of the first. But according to Svendsen? this decrease in activity
is probably not an irreversible inactivation, but due to adsorption of the
catalase to the glass-walls, setting in slowly when the hydrogen peroxide is
nearly used up. At least within two half-periods the catalase is of practically
constant activity and the first-order constant measures its concentration.

Table 1.
(Exp. 15 24/10, 52. ¢ =20°C. Crgigraee = 10°1° M. CH,0,~10* M. pH = 17.0)

(CNagaPO, = 1/1500 M; Cku,po = 1/1500 M.)

tmin Ml Cerisol/g sol. log C, 1 Co (_
=p Cro, lgpC = goezs %0 (=Y

0 0.0518 0.7143—2 0

1 0.0448 0.6513—2 0.0630 1.01

2 0.0388 0.5888—2 0.1255 2.01

4 0.0293 0.4669—2 0.2474 3.96

7 0.0191 0.2810—2 0.4333 - 6.95

new H,0, added at ¢ = 29

0 0.0592 0.7723—2 0

1 0.0509 - 0.7076 -2 0.0647 1.04

3 0.0387 0.5877—2 .0.1846 2.96

5 0.0292 0.4654—2 0.3069 4.91

8 0.0186 0.2695—2  0.5028 8.05

k' = 0.0625

’

The catalase was prepared from horse kidney after Bonnichsens prescrip-
tion 5. It was kept in a ca. 2 - 10~® M solution with 0.01 M potassium chloride
added to prevent adsorption to the glass walls (Svendsen 8); the activity is then
constant for some months. The catalase molarity was determined with a
Beckman-Spectrophotometer, setting the extinction in millimolar solution
at 405 my and 1 em column to 380. '

In Table 1 k' = 0.0625 is the constant at 20° C using decadic logarithms
and the minute as time-unit and with a catalase molarity of 10-10. Therefore:

00625 1 04 7 1. moles! - sec-1
k = 0.4343 " 60" 10v ='2.40-10 1. moles™ - sec

This value is smaller than Svendsen’s value: 2.65.107 (also for horse
kidney catalase) and much less than that of Bonnichsen: 3.5- 107 (for horse
erythrocyte catalase). This is probably due to impurities in the catalase
preparation, which was not perfectly crystalline.

The influence of azide on the first-order rate constant k' was studied in
the following way, using Svendsen’s ? technique. Buffer-solution (1/1500 M
Na,HPO, + 1/1500 M KH,PO,, pH ~ 6.95), peroxide and azide are mixed
in a black-painted reaction flask; at the time ¢, catalase is added from a micro-
pipette, the flask is shaken, put into the thermostat at 20° C and the stop-
watch is started. At intervals a sample is withdrawn, blown into a weighed
flask containing enough 5 M sulphuric acid to make the solution about 0.5 M
and weighed. Hydrogen peroxide is then titrated with 0.02 M ceric sulphate
using “Ferroin” as indicator. _ .

Acta Chem. Scand. 9 (1955) No. 1 7
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The konstant %’ was determined with azide-concentrations varying from
108 to 1.2 - 10* M and with pH ~ 6.95. Plotting Cemae against 1/k’ one gets
a straight line which indicates the soundness in assuming a mass-action law
behavior. Setting .

Cactive catalase * Cuide - K
Cinacﬂve catalase

and
Cnctlve catalase k'
Clnactive catalase o ko"““k'
we get
Kky'

C‘dde =‘—k‘,——K

ky' = 0.0645 was found by extrapolation to Camae = 0, consistent with the
value found in Table 1 (0.0625) and other experiments without azide.
K =0.92-107 M was found from the slope of the line (= K - k,’).

Table 2. Comparison between the experimental values of k’ for different azide concentrations
and values calculated from

0.92 - 107 0.08456
Cazide + 0.92 - 107

(pH = 6.95 4 0.05; T = 20°C).

k'cate. =

Azide cone.’s

in moles/liter K exp k’calc. % deviation
- 12.056 107 0.00448 0.00457 + 2.0
10 — 0.00521 0.00543 + 4.1
9 - 0.00604 0.00598 — 1.0
8 — 0.00641 0.00665 + 3.6
6 - 0.00843 0.00857 + 1.6
5 -— 0.0103 ©0.01001 — 3.0
4 — 0.0131 0.01206 — 8.6
2 - 0.0211 0.0203 — 4.0
1 - 0.0299 : 0.0309 + 3.2
0.5 — 0.0405 0.0418 + 3.1
0.1 — 0.0614 0.0582 — b.5
0 (0.0645)
extrapol.

Table 2 shows that a simple equilibrium is established between catalase
and azide (at azide concentrations below 1.2 - 10-¢ M) with a mass action con-
stant K = 0.92 - 107 moles/l at pH = 7 *. The interesting point is that one

* From a recent paper of Chance ® one extrapolates the value K~~10-* (pH = 7), apparently
for the same constant. The great difference between the two values seems to indicate, that our
K is the mass-action constant of an equilibrium between azide plus a complex of catalase with
hydrogen peroxide on one side and a complex with both hydrogen peroxide and azide on the other,
whereas no hydrogen peroxide enters the equilibrium measured by Chance.

Our constant depends also on pH; the correct form for the equilibrium may therefore be:

active hydrogen peroxide catalase 4+ N,  inactive complex 4-'OH"

The Con- (at constant pH = 7) is incorporated in K.
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single azide-ion is capable of inactivating the whole catalase molecule with its
four hemin groups; these four groups must therefore be considered as a unity
in spite of the fact, that the catalatic activity against hydrogen peroxide is
not depending upon the existence of four groups; in horse-liver catalase there
are only three and in spinach catalase one or two 10, :

Acknowledgements: My sincere thanks are due to dr. E. Giintelberg and to dr. A.
Svendsen for valuable information and help during the course of the work.
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Steédy State. Treatment of Kinetc Results Concerning’ the

Catalatic Decomposition of Hydrogen Peroxide .

J. A CHRISTIANSEN

Universitetets fysisk-kemiske institut, Copenhagen, Denmark

To account for expernmenta.l results concerning the reaction in
question a flow sheet is proposed which also implies an explanation - -
of its retardation by azide ion. The essence is that azide acts as a
com{:etltxve inhibitor by forming, reversibly, a stable complex with
catalase containing one azide and at least one hydrogen peroxide.

It is known that at low hydrogen peroxide concentrations its catalatic
decomposition up till nearly 100 9%, decomposition obeys the chronometric
integral

kt = hjx

where z is the concentration of hydrogen peroxide at time ¢, h the same at
time zero and k the usual rate constant. The s1mplest reaction pattern which
agrees with this result is

X, + H,0, = X, +1
X, + HiOp—» 2H,0 + 0, + X, 2

X, may be either free catalase or catalase combined with one or several
molecules of hydrogen-peroxide. Kinetics alone is unable to distinguish
between these possibilities. X, obviously contains one molecule peroxide more
than X,.

Assuming steady state the usual procedure yields

xy/s == 1/w,(1 +"w—1/'w2)
Tofs = 1/w,

If furthermore the enzyme is either in the state X; or in X, we have
z, + z, = E, where E is the total concentration of enzyme.

Acta Chem. Scand. 9, (1955) Neo. 1
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Fig. 1. The diagram s a flow sheet showing
the transitions

X, + H,0, > X, ’

X, + H,0, =» 2H,0 + O, + X,
and the equilibrium

X, + Ny = X,.
The displacement of the two containers for

X, wndicates that there is a decrease in free
energy by the overall reaction.

From the reaction pattern we conclude w, = kx, w_;, = k.,; w, = kyz,
where z is the peroxide concentration. Insertion yields

B = (1t kel bz + kg = Bs

This agrees only with the experimentally determined chronometric integral
for small concentrations of peroxide if, for all accessible values of z, k_,/kz <1
and we thus get for the rate constant k: 1/k = 1,/k; + 1/k, which is in com-
plete agreement with Beers and Sizer’s ! results.

Mrs. Skovsted’s results concerning retardation by azide can be adequately
interpreted by means of the flow-sheet (Fig. 1). We get as before

(2, + 2o)[s = 1w, + 1w,

But in this case £ = x; + @, + ;. x5 is determined by the consideration
that to preserve steady state the rate s,y must be zero, that is X, and X,
are in equilibrium according to the chemical equation.

X, + A =X,

which immediately yields x3 = Kax, %, and x; are the concentrations of
X, and X, respectively, while a is the concentration of azide. a@ may be conside-
red as a constant if it is essentially larger than E. As x,/s = 1/w, we thus get

(®) + %3 + 25)/s = Efs = 1jw, + (1 + Ka)jw,

— E(%= 1/k, + (1 + Ka)/ky = 1/’
where k' =k is the experimentally determined rate-constant. The ex-
pression obviously agrees completely with Mrs. Skovsted’s results. The slope
of 1/k’ against a yields the numerical value of K/k,. At present we have no
means to determine k; and k, separately and it is therefore impossible to
determine the numerical value of K. The result may also be written as follows

1k = (1/ky + Lko)/E + aK[kyE
= (1ky + k) (1 + aKhkyf(ky + )/ B

Mrs. Skovsted’s results may be written
1/k = (1 4 1.08 - 107 @)/0.0645 - 2.303
Acta Chem. Scand. 9 (1955) No. 1
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Comparison yields o
1/ky + 1/ky = E[0.0645 - 2.303 where E ~ 10-1° mole/liter
and

Kky/(ky + kg) = 1.08 - 107.

Assuming that k, is essentially larger than k, we get

ky = 2.303 - 0.0645/E
and
K =1.08.107

The large value of K indicates that X, which is catalase combined with at
least one molecule peroxide has a very strong affinity for azide-ion.

It may also have a strong affinity for peroxide or peroxide anion, but while
the complex with azide-ion is stable, the peroxide complex obviously explodes
immediately after its formation.
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Uber die Umsetzung von Formaldehyd mit Ketocarbonsiiuren

II. Livulinsdure *
Synthese des 3,5,5-Trimethylol-dihydro-desoxy-patulinsiure-lactons **

SIGURD OLSEN

Universitetets Kjemiske Institutt, Blindern-Oslo, Norwegen

Bei der erschépfenden Oxymethylierung der Lévulinsédure in sau-
rem Medium entsteht tiber die intermediér gebildete 3,3,5,5,5-Penta-
methylol-lavulinséure durch Wasserabspaltung das 3,5,5- Tmmethylol-
dihydro-desoxy-patulinsdurelacton, das aus dem Rea.ktionsgemisch
als Methylenéither direlt isolierbar ist. Der Methylenéther lisst sich
durch Alkali bzw. Formalin-Alkali zu einem Gemisch isomerer
Methylenéther des 3,5,5-Trimethylol-tetrahydro-desoxy- pa.tuhnsa.ure-
lactons reduzieren.

Unsere bisherigen Untersuchungen iiber die Umsetzung des Formaldehyds
mit Carbonylverbindungen in saurem Medium haben zu dem Ergebnis
gefiihrt, dass bei Ketonen ! und der Brenztraubensdure 2 im Anschluss an den
vollstindigen Methylolaufbau durch iiberschiissigen Formaldehyd eine Reduk-
tion der Carbonylgruppe zur Carbinolgruppe nicht erfolgt. Dieser beziiglich
der Ketocarbonylgruppe beobachtete und durch das saure Milieu bedingte
Abschirmungseffekt trat auch bei neueren Untersuchungen an Ketocarbonyl-
verbindungen 3 ausnahmslos in Erscheinung, so dass an dessen Allgemein-
giiltigkeit nicht mehr zu zweifeln ist. Dieser Effekt ermoglicht die miihelose
Synthese von Systemen mit einer f-Ketonalkohol-Gruppierung, die nach
Tollens nur schwer fixierbar sind.

In der vorliegenden Untersuchung sollten diese Verhaltnisse an der Lavulin-
séure studiert werden, die aus einem ganz besonderen Grunde unser Interesse
beanspruchte. In Verbindung mit Arbeiten in der Patulinreihe haben wir
friither die Frage behandelt, ob sich mit Hilfe einer Formaldehyd-Olefin-
Reaktion an der Vinyl-acrylsiure (I) die Synthese des Antibiotikums Patulin
" (IV) verwirklichen liesse. Theoretisch ergibe sich die Aufbaumoglichkeit iiber

* 1. Brenztraubensiure Acta Chem. Scand. 8 (1954) 47.
** 3. Mitt. iiber synthetische Versuche in der Reihe des Patulins und verwandter Verbin-
dungen.
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dje Zwischenstufen II und III, die in ihrer verbliiffenden Einfachheit die
Frage aufdréngte, ob nicht moglicherweise die Natur diesen oder einen ahn-
lichen Weg beschreitet 4:

I _ CH, I
CH.\ ¢, CHOH
2 CH,(OH i
CH coor 2SHOH l coog _Oxydation
| / oH
CH=CH OH CH—CH
s
\cH, o
I v
CH, OH H
AN O
ém, © én, c—o\
—~4H,0
| OH  ¢oom N ¢o
OH /
OH CH-—CH 0  C=CH
Nen” | Ner”
x OH |
OH OH

Obwohl man mit Hilfe der Formaldehyd-Olefin-Reaktion auch die Bildung
einer Reihe anderer Naturstoffe erkliren kénnte, haben wir derartige Erwa-
gungen aus naheliegenden Griinden vorlaufig ganz in den Hintergrund gestellt.

Umsomehr iiberraschte es uns, als wir auf Grund der speziellen Reaktions-
weise von Carbonylverbindungen das mogliche Resultat des Formaldehyd-
Aufbaues an der Ldwvulinsdure (V) erwogen. Auch in diesem Falle fiihrte
unsere Uberlegung iiber eine ebenso einfache Reaktionsfolge (V - VI - VII
bzw. VIII) wieder in die Reihe des Patulins, namlich zur Dihydro-desoxy-
patulinsdure (VII) bzw. deren Lactol (VIII), wenn man annimmt, dass zwei
Molekiile Formaldehyd reagieren:

v VI
Hy
CH,\ éH, CO
2 CH,0 —H,0
co COOH —— "' | COOH :
OH
CH,—CH, OH CH-—CH,
\CH,/
vIiI VIII
_/CHy CH
¢éH, CcoO CH, C—oO
I COOH  bzw. \/co
o CH—CH, 0 CH—CH,
Nery” Nery”
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Ein solcher Reaktionsverlauf hat zur Voraussetzung, dass sich die beiden
Methylolgruppen am 8- und 3-Kohlenstoffatom der Lavulinsidure verankern,
wihrend man natiirlich mit der Moglichkeit rechnen muss, dass zuerst zwei
Methylolgruppen am f- oder é-Kohlenstoffatom ausgebaut werden, wodurch
sie dann an einen fiir die Bildung der Dihydro-desoxy-patulinsiure falschen
Platz gerieten (IX, X):

IX x X1 XII
(l)H,OI-I HOH,C CH,0H
/S
CH, CH(CH,0H), HOH,0—C—CH,0H o
| | | N
co co co ¢H, o
: | | | ’
HOH,C—C—CH,0H CH, HOH,C—(IZ‘—CH,OH e on
CH, CH, CH, 0 C
| N/
COOH COOH COOH ¢H, UH,—COOH
XIV
H
O/C n\o
XV H
ROH,C  CH,OR ’ L
CH / ‘ \c
s CH, ¢H, CH, CO
XII R=H &, ‘o ,
C 0
CH,—0
CH, ©O 0 CH,—C—CH,—COOH
XIIa R=CH,CO O c
NeBy \or,— o CH,—0 CH;
0 é
AN

CH, CH,—CO

Bei Anwendung eines Formaldehyd-Uberschusses (mehr als 5 Mol Formal-
dehyd) durfte man dagegen mit Sicherheit eine erschopfende Oxymethylierung
zur Pentamethylol-livulinsdure (XI) erwarten, die sich durch Wasserabspaltung
theoretisch in verschiedener Weise stabilisieren kann. Abspaltung von einem
Molekiil Wasser unter Tetrahydro-y-pyron-Ringschluss fithrt zur 3,5,5-
Trimethylol-dihydro-desoxy-patulinsiure (XII). Fir die Abspaltung eines zwes-
ten Molekiils Wasser aus dieser Siure sind zwei Moglichkeiten zu erneuter
Ringschlussbildung vorhanden, némlich Bildung des y-Lactons (XIII) oder
— im Falle eines nochmaligen Tetrahydro-y-pyron-Ringschlusses — der
Sdure (XV).

In der vorliegenden Studie haben wir uns hauptsachlich um die Synthese
und die Chemie des ’Per”’-Oxymethylierungsproduktes der Lévulinsaure, der
Trimethylol-dihydro-desoxypatulinsiure (XII) bzw. deren stabile ’Anhydro-
verbindungen” (XIII bzw. XV) bemiiht und daher die genaue Untersuchung
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der Reaktions-Zwischenstufen — unter denen moglicherweise auch die
Dihydro-desoxy-patulinsdure vertreten ist — einem spiteren Zeitpunkte
vorbehalten. Immerhin haben wir zur Orientierung L&vulinsiure und
Formaldehyd auch in den Molverhéltnissen 1:1,1:2 und 1:3 um-
gesetzt und die Dihydro-desoxy-patulinsiure. neben anderen Reaktions-
produkten nach Uberfihrung in Methylestergemische durch fraktionierte
Kristallisation der 2,4-Dinitro-phenylhydrazone vergeblich nachzuweisen
versucht. Dieser Nachweis gelang auch nicht nach der Destillation der Methyl-
estergemische, was vielleicht auf die Thermolabilitdt bestimmter Synthese-
produkte zuriickzufiihren ist, die auch bei geringen Drucken leicht Formaldehyd
und Wasser abspalten unter Bildung ungesittigter Abbauprodukte. Im
experimentellen Teil wird ein entsprechender Versuch beschrieben. Bei der
Destillation erhielten wir neben einer Reihe anderer, bisher nicht néiher
untersuchter Substanzen ein farbloses Ol vom Sdp., 153° von ungesittigtem
Charakter. Die Analyse stimmt einigermassen auf die Summenformel CgHOj.
Es handelt sich wahrscheinlich um die 8- oder die 8- Methylenlivulinsdure,
obwohl es merkwiirdig ist, dass unter den angewendeten Bedingungen nicht der
Methylester entstand. Aus diesem Grunde haben wir das isomere B-Acetyl-
butyrolacton, das als Reaktionsprodukt durchaus moglich wére, in Erwigung
gezogen. Tatsichlich gibt die Substanz mit Brady’s Reagenz ein 2,4-Dinitro-
phenylhydrazon C;,H,,0,N, vom Schmp. 189—190°, was gegen das Vorliegen
einer Methylenldvulinséure spricht, da diese unter Brady’s Bedingungen hétte
methyliert werden miissen unter Bildung des Methylester-2,4-dinitro-phenyl-
hydrazons C,gH,,04N,. Andererseits konnte man aus der Substanz CgH,O4
mit Hydrazinhydrat ein Derivat CgHz;ON, vom Schmp. 225—226° gewinnen,
fir das nur die Formel des Pyridazinon-Derivates einer der beiden Methylen-
lavulinsduren offensteht. Das ausserdem dargestellte Semicarbazon C,H,;;O3N,
vom Schmp. 194—195° lasst auch keine eindeutige Entscheidung zwischen den
in Rede stehenden Isomeren zu. — Aus dem gleichen Versuch konnten wir ein
weiteres 2,4-Dinitrophenylhydrazon C,3H,;0,N, vom Schmp. 165—166°
isolieren, das sich wahrscheinlich vom Methylester der B-Methylol- oder &-
Methylol-livulinsiure ableitet.

Nach diesen orientierenden Versuchen iiber partielle Oxymethylierung
haben wir uns ganz der erschtpfenden Oxymethylierung der Lévulinsdure
zugewendet. Bei Anwendung eines Formaldehyd-Uberschusses durften wir
damit rechnen, die 3,5,5-Trimethylol-dihydro-desoxy-patulinsiure bzw. deren
Anhydroderivat aus dem Reaktionsgemisch direkt als Methylendther abscheiden
zu konnen, von dem aus wir nach Reduktion und Methylenatherspaltung den
Anschluss an eine friihere Arbeit von Rave und Tollens 5 herzustellen hofften.
Diese hatten namlich bei der alkalischen Kondensation der Léavulinsdure mit
iiberschiissigem Formaldehyd eine Verbindung C,,H,s0s vom Schmp. 174
—176° erhalten und hierfiir die Formel eines Anhydro-pentamethylol-hydroxy-
valeriansdure-lactons (XVI) aufgestellt, die wegen des Widerspruches zwischen
dem darin angenommenen Trimethylenoxydring und der Uberfiihrbarkeit
der Verbindung in ein T'riacetat nicht richtig sein kann und durch eine der
anschliessend niher zu begriindenden Formeln eines T'rimethylol-tetrahydro-
desoxy-patulinsiure-lactons (XVII bzw. XVIII) ersetzt werden muss. :
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KVI
C(CH,OH), ‘ ROH,C\ /CI-I,OR : _ ROH,C\ CH,OR
——CH v <
I H,
0 XVII R=H CH, ~*c15[—o\>0 XVIII R=H CH, *CHOR
-0
% CH,
co XVIla R=CH,CO O *C—CH, XVIIla R=CH,CO O *C ’
N/ / "\
CH, CH,OR CH, CH,—CO

Bei der Umsetzung der Lavulinsdure mit Formaldehyd im Molverhéltnis
1:7 bis 1:10 in Eisessig-Schwefelsdure erhielten wir aus dem Reaktions-
gemisch ohne weiteres eine schon kristallisierende Verbindung C,,H,;,0, vom

. Schmp. 162—163° in guter Ausbeute, die sich durch die folgenden Reaktionen
als der Methylendther des 3,5,5-Trimethylol-dihydro-desoxy-patulinsiure-lactons
(kurz ’Ketomethylendther”) (XIV) erwies. Dieser ’Ketomethylendther”
reagiert in der Kélte nicht mit salzsaurem 2,4-Dinitro-phenylhydrazin. Beim
Erwirmen mit diesem Reagenz in Gegenwart iiberschiissiger Salzsiure wird
Formaldehyd wunter Bildung des Formaldehyd-2,4-dinitro-phenylhydrazons
abgespalten. Ausser durch Salzsaure gelingt die Spaltung der Methylenéther-
Bindung durch Destillation mit methylalkoholischer Schwefelsdure nach
Price und Krishnamurti . Die besten Erfahrungen haben wir jedoch bei der
Destillation mit Eisessig-Schwefelsdure gemacht, bei der der als Methylenather
gebundene Formaldehyd quantitativ abgespalten wird unter Entstehung
eines bisher nicht rein dargestellten Acetates (XIII a), das sich mit methyl-
alkoholischer Salzsiure leicht zum 3,5,5-T'rimethylol-dihydro-desoxy-patulin-
sdure-lacton (XIII) vom Schmp. 129—132° umestern liess. Die Richtigkeit der
Formel XIII und die Ausschliessung der Saureformel XV ergibt sich aus den
Eigenschaften der Verbindung. Sie ist in Wasser leicht 16slich. Die Carbonyl-
gruppe lasst sich darin — wie vom 2,2,6,6-Tetramethylol-cyclohexanon her
bekannt ? — mit Carbonylreagenzien nicht nachweisen. Die Verbindung setzt
aus Bicarbonatlosung kein Kohlendioxyd in Freiheit und reagiert in methano-
lischer Losung nicht mit Diazomethan. Eine schwach alkalische Thymolphtha-
leinlosung wird nur langsam entfirbt. Nach Zusatz iiberschiissiger Lauge
lasst sich die Substanz gegen Phenolphthalein scharf titrieren. Bemerkens-
werterweise werden durch sie Tollenssche und Fehlingsche Losung reduziert.
Wir werden auf die Chemie dieser Verbindung in Kiirze in einer gesonderten
Abhandlung zuriickkommen.

Der ” Ketomethylendther” (XIV) besitzt die Eigenschaft, beim Erhitzen
mit wissrigem Alkali zum Teil in ein Gemisch isomerer reduzierter Methylendther
(kurz ’Oxymethylendther”’) iiberzugehen. Aus diesem Gemisch haben wir
vorerst zwei isomere ’Verbindungen” * C;;H;;0¢ mit den Schmelzpunkten

* Es ist moglich, dass die hier als ’Verbindungen’’ bezeichneten *’Oxymethylenather’” keine
véllig einheitlichen Individuen darstellen, sondern isomerenverunreinigt sind, worauf das Ver-
halten beim Umbkristallisieren und beobachtete Schmelzpunktsanomalien hindeuten. Unter
diesem Vorbehalt sprechen wir im folgenden die "Oxymethvlenather” der angegebenen Schmelz-
punkte als Verbindungen an.
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184—187° bzw. 205—206° herauspripariert, die sich vom 3,5,5-Trimethylol-
tetrahydro-desoxy-patulinsdure-lacton (XVII bzw. XVIII) ableiten und denen -
daher eine der Formeln XIX oder XX zukommt.

XIX CH,y C XX H,
&N &
CH, CH, ' (L{, CH,
< )
CH, *CHOH CH, ‘CH—O\C
' H,—O0 0
(o} *c/c o} ‘C—UH,/
\CI{ \CH.—co xn,/ \cn,on

Die Reduktion des “Ketomethylenithers” kommt offenbar dadurch zu-
stande, dass dieser durch Alkali teilweise unter Abspaltung von Formaldehyd
zerlegt wird, der dann — wie bei der Schlussphase der Tollensschen Reaktion —
die Carbonylgruppe zur Carbinolgruppe reduziert. Bei diesem Reaktionsverlauf
sollte man unter den Reaktionsprodukten auch das 3,5,5-Trimethyloltetrahydro-
desoxy-patulinsdure-lacton (XVII bzw. XVIII) erwarten, dessen Nachweis uns
an dieser Stelle jedoch bisher, wahrscheinlich infolge der komplexen Natur
der Gemische, noch nicht gelang. Bei der Reduktion des "Ketomethylenathers”
entsteht ein neues asymmetrisches Kohlenstoffatom, weshalb man ausser den
durch die Formeln XIX und XX gekennzeichneten Strukturisomeren mit dem
Vorliegen der entsprechenden Stereoisomeren rechnen muss. Diese Verhiltnisse
machen es zunidchst unmoglich, den beiden isolierten ’Oxymethylenathern’
eine bestimmte Formel zuzuschreiben, da hier strukturelle und sterische Frage-
stellungen ineinander greifen. Der niedriger schmelzende ’Oxymethylenither’’
vom Schmp. 184—187° liess sich durch Erhitzen mit Formalin-Salzséure in das
hoher schmelzende Isomere vom Schmp. 205—206° umlagern. Die gleichen
”Oxymethylenither” erhielten wir in etwas besserer Ausbeute bei Versuchen,
den “Ketomethylendther’’ mit Formalin-Natronlauge bzw. Formalin-Kalilauge
zu reduzieren. Im Gegensatz hierzu liess sich der ”Ketomethylenither” nicht
mit Formalin-Salzsidure reduzieren. Die Moglichkeit zur Reduktion erschépfend
oxymethylierter Carbonylverbindungen durch Formalin-Alkali ergibt sich
als eine logische Konsequenz der Tollensschen Reaktionsbedingungen.
Wihrend man aber beim Tollensschen Aufbau von Ketonen mit iiberschiissigem
Formaldehyd in alkalischem Milieu die Reduktion der Carbonylgruppe nicht
verhindern kann, hat man es nun in der Hand, durch saure Kondensation
das “’Per”’-Oxymethylierungsprodukt als Methylenither abzufangen und durch
Milieuwechsel (sauer — alkalisch), falls erwiinscht, den Reduktionshub getrennt
zu besorgen. :

In gleicher Weise wie den Ketomethylenither” haben wir versucht, die
daraus erhaltenen ’Oxymethylendther’” (XIX bzw. XX) an” den Methylen-
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atherbriicken zu spalten, um so moglicherweise zu dem von Rave und Tollens
beschriebenen Isomeren C,,H,,0 vom Schmp. 174—176° zu gelangen, obwohl
wir —u.a. wegen der leichten Umlagerungsmoglichkeit des Lactonringsystems —
auf die Entstehung eines schwer zu trennenden Isomerengemisches gefasst sein
mussten. Merkwiirdigerweise haben Rave und Tollens von derartigen Schwie-
rigkeiten nichts erwihnt. Bei der Spaltung unseres héher schmelzenden ”’Oxy-
methylenithers”” vom Schmp. 205—206° mit Salzséure-Aluminiumchlorid
erhielten wir eine Substanz C,,H,0 vom Schmp. 154—156°, fiir deren Ein-
heitlichkeit wir uns aber aus den angefiihrten Erwégungen einstweilen nicht
verbiirgen kénnen. Bei der Behandlung eines uneinheitlichen Praparates des
”Oxymethylenathers” mit Eisessig-Schwefelsaure enstand ein Triacetat
C,6H5,04 (XVII & bzw. XVIII a) von unscharfem Schmp. 120—125°, wiahrend
Rave und Tollens fiir das von ihnen dargestellte Triacetat einen Schmp. 161°
angeben. Eine genauere Untersuchung der bei den ’Oxymethylenidthern”
vorliegenden Isomerieverhaltnisse ist in Aussicht genommen. Aus den gleichen
Griinden, wie fiir die ’Oxymethylenather’’ angefiihrt, kénnen wir beziiglich
der von uns dargestellten Substanz C,,H,;0, zwischen den fiir das 3,5,5-Trt-
methylol-tetrahydro-desoxy-patulinsdure-lacton zur Wahl stehenden Formeln
XVII und XVIII noch keine Entscheidung treffen. Wir nehmen jedoch als
sicher an, dass sowohl die Verbindung von Rave und Tollens als auch unsere
eigene Substanz Vertreter der durch diese Formeln beschriebenen Isomeren
sind. : '
EXPERIMENTELLER TEIL
Unter Mitarbeit von Gustav Havre

I. Umsetzung der Lavulinsdure mit Formaldehyd
(Molverh. 1:3)

Eine Mischung von 107 g Lévulinséiure (dargestellt nach Mentzer und Billet ?), 85 g
Paraformaldehyd, 250 ml Eisessig und 10 ml konz. Schwefelsiéure wurde allméhlich unter
Rickflusskiihlung erhitzt. Nach dem Abklingen der bei etwa 100° einsetzenden exother-
men Reaktion wurde 3 Stunden gekocht. In der dann portweinroten Losung liess sich
nach dem Erkalten mit Fuchsinschwefliger Séiure kein freier Formaldehyd mehr nach-
weisen. Zwecks Spaltung von Methylenathern wurde die Flissigkeit an der Briicke. des-
tilliert unter. gleichzeitigem. Zutropfen von Eisessig, wobei das Fliissigkeitsvolumen im
Kolben konstant gehalten wurde. Nachdem 500 ml iiberdestilliert waren, wobei die
Destillationstemperatur von 104° auf 118° anstieg, liess sich im Destillat mit salzsaurem
2,4-Dinitro-phenylhydrazin kein Formaldehyd mehr nachweisen. Das Reaktionsgemisch
wurde mit 500 ml Wasser versetzt und mehrmals ausgeéithert. (Wissrige Fliissigkeit 4.)
Die Atherausziige wurden vereinigt, mit gesiéttigter Natriumsulfatlésung gewaschen
und iiber wasserfreiem Natriumsulfat getrocinet. Die Atherlosung, die noch viel Essig-
siiure enthielt, wurde vom Ather befreit und nach Zusatz von methylalkoholischer Salz-
séiure zwecks Veresterung der Essigséiure und Umesterung von Acetaten eine Zeitlang
unter Riickflusskithlung gekocht. Anschliessend destillierte man unter Zutropfen von
absolutem Methanol, bis beim Sdp. 65° nur noch reines Methanol iiberging. Zur Vervoll-
stindigung der Veresterungsreaktion behandelte man die eingedampfte Methanollésung
mit tberschiissigem Diazomethan. Bei der Destillation erhielt man als Hauptmenge
(18 g) eine Fraktion von hellgelber Farbe und vom Sdp 4 153°. Die Substanz, die in Wasser
leicht loslich ist, entfarbt eine Brom-Chloroformlésung und gibt eine positive Baeyer-
Reaktion.

B-Methylen-livulinsiure (1) bzw. 6-Methylen-ldvulinsiure (1) bzw. §-Acetyl-butyrolacton
(7). (Gef. C-55,78, H 6,39. Ber. fiir CsHsO, (128,1): C 56,24, H 6, 29.)
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2.4-Dinstro-phenylhydracon: Eine Probe der Substanz wurde in Methanol mit Brady’s
Reagenz versetzt. Hellgelbe Kristalle aus Methanol. Schmp. 189 —190°. (Gef. C 46,77;
H 3,95; N 18,40. Ber. fiir C;,;H,,0,N, (308,3): C 46,75; H 3,93; N 18,18.)

Pyridazinonderivat: Beim 2-stiindigen Erwiirmen der Substanz mit Hydrazin-hydrat
(85 %) in methylalkoholischer Losung auf dem Wasserbade erhielt man farblose Kristalle,
die aus Methanol umkristallisiert bei 225 — 226° schmolzen. (Gef. C 58,09; H 6,55; N 22,75.
Ber. fiir C;H,ON, (124,1): C 58,05; H 6,49; N 22,57.) : .

Semicarbazon: Farblose Blittchen aus Methanol. Schmp. 194—195° (zers.) (Gef.
C 45,47; H 6,03. Ber. fiir C,H,,0,N, (185,2): C 45,39; H 5,99.) :

Die wdissrige Fliissigkeit A wurde zwecks Neutralisation der Schwefelsiure mit der
berechneten Menge gesiittigter Sodalésung versetzt, wobei sich ein braunes )1 am Boden
abschied, das abgetrennt und nicht beriicksichtigt wurde. Die nunmehr hellgelbe Fliissig-
keit wurde mit Salzsiure kongosauer gemacht und auf dem Wasserbade eingedampft.
Nach Verreiben des nicht ganz trockenen Eindampfriickstandes mit etwas wasserfreiern
Natriumsulfat extrahierte man im Soxhleta; t 4 Stunden mit Ather, wobei sich am
Boden ein zihfliissiges (1 abschied, das von der Atherlésung durch Dekantieren getrennt
wurde. Eine Probe des Oles wurde mit Brady’s Reagenz versetzt. Der entstehende rot-
gelbe Niederschlag liess sich durch fraktionierte Kristallisation in eine Reihe verschiedener

ubstanzen zerlegen. Vorldufig wurde nur eine davon in reiner Form isoliert; die aus

Methanol erhaltenen orangegelben Kristalle schmelzen bei 165 —166° (Nach dem Wieder-
erstarren hat die Substanz den Schmp. 175°). 2,4-Dinitrophenylhydrazon des Methyl-
esters der B-Methylol- oder 3-Methylol-livulinsdure (1). (Gef. C 46,42; H 4,42; N 16,05.
Ber. fir C,;H;O,N, (340,3): C 45,88; H 4,74; N 16,47.)

II. Umsetzung der Lavulinsidure mit Formaldehyd
' Molverh. 1:7,5)

Eine Mischung von 100 g Paraformaldehyd, 180 ml Eisessig, 13 ml konz. Schwefelsiure
und 50 g Lévulinséiure wurde wie unter I. beschrieben zur Reaktion gebracht. Das hell-
braune Reaktionsgemisch kristallisierte beim Stehen in der Killte. Beim Absaugen erhielt
man 43 g farbloser Kristalle, aus der Mutterlauge eine weitere Menge. Die Substanz, die
durch Paraformaldehyd verunreinigt ist, kristallisierte man zuerst aus Wasser, dann aus
Alkohol um. Schmp. 162—163°. V.Z. 243,0 (ber. 231,6). Die Verbindung spaltet beim
Kochen mit Salzséure Formaldehyd ab. ‘

Methylendther des  3,5,5-Trimethylol-dihydro-desoxy-patulinsiure-lactons - (XIV),
" Ketomethylendither”. (Gef. C 54,560; H 5,78. Ber. fiir C,,H,,0, (242,2): C 54,54; H 5,83.)

III. Spaltung des "Ketomethylendthers” zum 3,55-
Trimethyloldihydro-desoxy-patulinsdaure-lacton (XIII)

a) mit Salzsdure-Aluminiumchlorid. Eine Mischung von 6 g “Ketomethylenither”
und 5 g Aluminiumchlorid wurde vorsichtig mit 50 ml ca. 6 N Salzsidure versetzt. Die
erhaltene Losung wurde sodann unter gleichzeitigem Zutropfen von 6 N Salzsdure
destilliert, bis sich im Destillat mit 2,4-Dinitro-phenylhyfgazin-Hydrochlorid kein
Formaldehyd mehr nachweisen liess. Die Fliissigkeit dampfte man im Vakuum weit-
gehend ein und verrieb den noch etwas feuchten Eindampfriickstand mit wasserfreiem
Natriumsulfat zu einem trockenen Pulver, das im Soxhletapparat 12 Stunden mit abs.
Ather extrahiert wurde. Man erhielt aus dem Atherextrakt 4 g Rohprodukt, das aus
Essigester umkristallisiert wurde (2,6 g). Schmp. 129—132°. Beim Erhitzen iiber den
Schmelzpunkt spaltet die Verbindung langsam Formaldehyd ab. Sie reagiert in der Kilte
nicht mit salzsaurem 2,4-Dinitrophenylhydrazin, reduziert Tollenssche und Fehlingsche
Lésung und lésst sich in methylalkoholischer Lésung nicht mit Diazomethan methylieren.
(Gef. C 52,38; H 6,14. Ber. firr C,0H,,0, (230,2): C 52,17; H 6,13.)

b) mit methylalkoholischer Schwefelsdure. Die gleiche Verbindung wurde auch bei der
Shp;::tung mit methylalkoholischer Schwefelsiure erhalten (Zuerst Kochen am Riick-
flusskiihler, dann Abdestillieren des gebildeten Methylals unter gleichzeitigem Zutropfen
von Methanol).

¢) mit Eisessig-Schwefelsiure 450 g des rohen “Ketomethyleniithers” (verunreinigt
durch Paraformaldehyd und Spuren Schwefelséiure) wurden mit 1 200 ml Eisessig und 5 m1
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konz. Schwefelsiiure * an der Briicke destilliert unter gleichzeitigem Zutropfen von reinem
Eisessig, so dass das Fliissigkeitsvolumen im Kolben wahrend der 3,5 Stunden dauernden
Destillation annihernd konstant blieb (Wichtil%!). Nach dieser Zeit war im Destillat
kein Formaldehyd mehr mit 2,4-Dinitro-phenylhydrazin-Salzsiare nachweisbar und die
Destillationstemperatur auf 118° gestiegen. Die im Kolben befindliche hellrote Fliissig-
keit, die neben dem Diacetat (XIII a) iiberschiissige Essigsédure enthielt, wurde zwecks
Veresterung der Essigsiiure und gleichzeitiger Umesterung des Diacetates mit absolutem
Methanol eine Zeitlang unter Riickflusskiihlung gekocht und anschliessend unter Zu-
tropfen von absolutem Methanol destilliert, bis die Siedetemperatur durch Abdestillieren
des Methylacetates den Siedepunkt des reinen Methanols erreicht hatte. Aus der etwas
eingeengten Losung kristallisierten in der Kilte 330 g Rohprodukt, das durch Um-
kristallisieren aus Athylacetat rein erhalten wurde. Auf diese Weise ist es leicht méglich,
das 3,5,56-Trimethylol-dihydro-desoxy-patulinséure-lacton in Ausbeuten von 70 9% und
dariiber (bezogen auf Lévulinséure!) zu erhalten.

IV. Verhalten des "Ketomethylendathers” (XIV)
gegeniiber Alkali

Eine Mischung von 10 g des *’Ketomethylenithers’, 15 g Kaliumhydroxyd und 50 m?!
Wasser wurde 2 Stunden gekocht. Das gelbe Reaktionsgemisch wurde nach dem Ansiéuern
mit Salzsdure (kongosauer!) ausgedthert. Aus der uber Natriumsulfat getrockneten
Atherlésung schied sich beim Eindampfen eine kristalline Substanz ab, die abgesaugt
(1,8 g) (Mutterlauge 4) und aus Methanol umkristallisiert wurde. Schmp. 2056 —206°.
Die Verbindung reagiert nicht mit 2,4-Dinitro-phenylhydrazin-Salzséure. V.Z. 255,56
(ber. 229,5). Methylendther des 3,5,5-Trimethyloltetrahydro-desoxy-patulinsiure-lactons
(XIX bzw. XX) (“hiherschmelzende” Form). (Gef. C 53,98; H 6,60. Ber. fiir Cy,H ;40
(244,2): C 54,09; H 6,60.)

Aus der Mutterlauge A kristallisierte nach einiger Zeit eine farblose Substanz (0,6 g).
Schmp. 184—187° (aus Methanol). Methylendther des 3,5,5-T'rimethylol-tetrahydro-desoxy-
patulinsdure-lactons (XIX bzw. XX) (“niedrigerschmelzende’ Form). (Gef. C 53,98;
H 6,69. Ber. fir C,,H,,0, (244,2): C 54,09; H 6,60.)

Die gleichen Substanzen wurden bei der Behandlung des ""Ketomethylenithers’ mit
Natronlauge erhalten.

V. Reduktion des "Ketomethylendthers” (XIV) mit
Formalin-Natronlauge bzw. Kalilauge

Man léste 20 g des “Ketomethylenithers” und 40 g Natriumhydroxyd in 400 ml
Wasser, fiigte 40 ml Formalinlésung (46 %) hinzu und erwiérmte das Gemisch 7 Stunden
auf dem Wasserbade. Die gelbe Fliissigkeit wurde mit konz. Salzséure kongosauer
gemacht und 5 mal mit je 200 ml Ather ausgeschiittelt. (Wissrige Schicht 4). Beim
Eindampfen der iiber Natriumsulfat getrockneten Atherldsung schieden sich Kristalle
aus, die abgesaugt und aus Methanol umkristallisiert wurden. Schmp. 184 —187°. Misch-
probe mit dem unter IV. beschriebenen **Oxymethylenither”’ Cy,H,sO; (*’niedrigerschmel-
zende’ Form) unveridndert. — Beim Stehen der widssrigen Fliissigkeit A schied sich eine
farblose Substanz vom Schmp. 202—205° ab, die sich bei der Mischprobe mit der *héher-
schmelzenden” Form des “’Oxymethylenithers” C,,H,;,0s identisch erwies. — Bei der
Umsetzung des Ketomethylenéthers” mit Formalin-Kalilauge erhielt man nach dem
Eindampfen des angeséuerten Reaktionsgemisches zur Trockne und Extraktion im
Soxhletapparat nur die “niedrigerschmelzende” Form C;,Hy O vom Schmp. 184 —186° in
25 9% Ausbeute. )

* Enthilt das Ausgangsmaterial Spuren Schwefelsaure, lassen sich an Stelle der Schwefel-
séiure mit Vorteil 10—20 ml konz. Salzséiure verwenden, wodurch man nach der Umesterung
leichter zu einem véllig farblosen Praéparat gelangt.
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VL. Umlagerung der "niedrigerschmelzenden” Form
des "Oxymethylendthers (XIX bzw. XX) in die
"Jhoherschmelzende” Form ’

0,8 g des ’Oxymethylenithers” C,;H;0¢ vom Schmp. 184—187° wurde in einer
Mischung von 15 ml Formalin und 15 ml konz. Salzsédure kalt geldst und die Lésung 3
Stunden auf dem Wasserbade erhitzt. Die nun gelbe Fliissigkeit dampfte man weitgehend
ein. Nach 2 Tagen hatten sich Kristalle ausgeschieden, die abgesaugt und aus Methanol
umbkristallisiert wurden. Schmp. und Mischschmp. mit dem »héherschmelzenden”
Isomeren C,,H,;0¢ unverindert 204 — 206°. ;

VII. Spaltung des ’Jhoherschmelzenden Ox‘ymethylen-
dthers” (XIX bzw. XX) mit Salzsdure-Aluminium-
chlorid

1 g des Oxymethylendthers” vom Schmp. 204—206° wurde, wie unter III. a) fiir
den “Ketomethylensther’” beschrieben, mit 1 g Aluminiumchlorid und 6 N Salzséure
behandelt und aufgearbeitet. Man gewann so 0,2 g farblose Kristalle vom Schmp. 154
—166° (aus Essigester): ' 3,5,5-T'rimethylol-tetrahydro-desoxy-patulinsiure-lacton (XVIIL
bzw. XVIII). (Gef. C 51,71; H 6,93. Ber. fiir C,0H,,0, (232,2): C 51,72; H 6,95.)

VIII. Spaltung des "Oxymethylendthers” (XIX bzw.
XX) mit Eisessig-Schwefelsdure

.2 nﬁ ’Oxymethylenither” (Isomerengemisch; Schmp. ca. 170--195°) wurden mit
150 Eisessig und 2 ml konz. Schwefelsiure unter Zutropfen von reinem Eisessig
-destilliert. Nach 90 Minuten liess sich im Destillat mit 2,4-Dinitro-phenylhydrazin-
Hydrochlorid kein Formaldehyd mehr nachweisen. Der Kolbeninhalt wurde nacly Zusatz
von 6 g wasserfreiem Natriumacetat im Vakuum zur Trockne eingedampft. Durch Extrak-
tion des Eindampfriickstandes im Soxhletapparat mit abs. Ather erhielt man farblose
Kristalle, die nach mehrfachem Umkristallisieren aus Eisessig unscharf zwischen 120
—125° schmolzen. _

Triacetat des 3,5,5-Trimethylol-tetrahydro-desoxy-patulinsiure-lacions (XVII a bzw.
XVIII a). (Gef. C 53,82; H 6,29. Ber. fir C,H,,0, (358,3): C 53,63; H 6,19.)
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Note on the Preparation of Acetals of
Alkoxysuccinaldehydes

NIELS CLAUSON-KAAS, JORGEN TORMOD NIELSEN
and ERNST BOSS

Centrallaboratoriet, Sadolin & Holmblad A[S, Copenhagen, Denmark

Acetals of alkoxysuccinaldehydes have been prepared by inter-
action of alcohols and 2,5-dialkoxy-2,5-dihydrofurans in the pre-
sence of catalytic amounts of boron fluoride etherate. The use of a
new setup for laboratory fractional batch distillations is demonstrated.

toll, Lindenmann and Jucker! have prepared 2,3,5-trialkoxytetrahydro-

furans by interaction of equimolar amounts of 2,5-dialkoxy-2,5-dihydro-
furans and hydrogen bromide in alcoholic solution. These authors suggest
that the reaction takes place through an intermediate 2,5-dialkoxy-3-bromo-
tetrahydrofuran in which the bromine is replaced by a metathetic reaction
with the solvent.

We have obtained trimethoxy- and triethoxytetrahydrofurans by inter-
action of the alcohol and the dihydrofuran in the presence of an acid catalyst,
preferably boron fluoride etherate (cf.2). At the same time a certain amount
of the tetraalkyl acetal of the alkoxysuccinaldehyde is formed

OR CH,—CH(OR)
BF,, ROH + I |
Ro— J-OR Y, RO —OR ' (RO),CH CH(OR),
0 0
55 % (R = Et) 16 9% (R = Et)
33 9% (R — M) 32 9 (R = Me)

The reaction mixtures were analyzed by fractional distillation and, as
expected (cf.2), it was found that the trialkoxytetrahydrofurans consisted of
mixtures of two or more stereoisomers. It was also found that the reaction
mixture from 2,5-dimethoxy-2,5-dihydrofuran contained 9 9, of malealdehyde
tetramethyl acetal.

We believe that the experiments of Stoll, Lindenmann and Jucker! are
also acid-catalyzed alcohol additions rather than two-step reactions proceeding
through an intermediate bromo compound.

The results of the distillations are given in detail in order to demonstrate
the use of a new setup for laboratory fractional batch distillations 4.

Acta Chem. Scand. 9 (1955) No. 1 : 8
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Table 1. Distillation of 56.76 g of ethyl acetals under 14 mm; heat input 4.0 watt; take-off

" NIELS CLAUSON.KAAS ET AL

every 2.4 minutes; change of fraction every 1.0 hour; total yield of distillate 55.75 g (98.2 9%, ).

Fraction (g) B.p. °C . n® C Y% H Y OC,H; %
1 (1.10) < 89 1.4243
2 (1.82) 89 —100.1 | . 1.4230 : ,
3 (1.86) 100.1—100.4 1.4220 59.3 10.1 65.0
CH;0(0C,H;), (204.3) requires 58.8 9.9 66.2
4 (1.84) 100.4—100.6 | 1.4219
5 (1.85) 100.6 1.4219
6 (1.85) 100.6—100.7 1.4219
7 (1.83) 100.7—100.8 1.4218
8 (1.83) 100.8—100.9 1.4219
9 (1.79) 100.9 1.4219 59.0 10.2 65.5
10 (1.79) 100.9 1.4219
11 (1.85) 100.9 —101.0 1.4219
12 (1.79) 101.0 1.4220
13 (1.82) 101.0—101.1 1.4220
14 (1.76) 101.1—101.2 |  1.4220
15 (1.79) 101.2—101.6 1.4222
16 (1.83) 101.6—102.0 1.4227
17 (1.75) 102.0—102.3 1.4229
18 (1.81) 102.3—102.4 1.4231
19 (1.79) 102.4—102.7 1.4231
20 (1.82) 102.7—103.1 1.4231
21 (1.85) 103.1—104.0 1.4231 59.4 10.1 65.0
22 (1.74) 104.0—120 1.4231
23 (1.78) 120 —135.0 1.4202
24 (1.74) 135.0—136.0 14171
25 (1.70) 136.0 1.4167 60.4 10.8 80.3
CH;(0C,H,); (278.4) requires 60.4 10.9 80.9
26 (1.73) 136.0 1.4166
27 (1.69) 136.0—136.1 1.4165
28 (1.72) 136.1 1.4164 60.7 10.9 80.3
29 (1.65) 136.1 1.4164
30 (1.69) 136.1—136.2 1.4164 ,
31 (1.68) 136.2 1.4163 61.3 11.3 80.4
32 (1.21) 136.2—135.0 1.4167
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EXPFRIMENTAL
’\Ilcroana.lyses in part by K. Glens

Addition of ethanol to diethoxydihydrofuran. Diéthoxydihydrofuran ® (150. 0 g), ethanol
(anhydrous, 560 ml) and boron fluoride etherate (15.0 ml) were mixed and heated under
reflux (90 min). A solution of sodium ethoxide [from sodium (7.5 g) and ethanol (60 ml)j
was added and the mixture heated further under reflux (30 min). This was done in order
to destroy traces of compounds with a free aldehyde group. After cooling, the borofluoride
was removed by filtration and washed with ether. The ethanol and the ether were distil-
led in a vacuum from a water-bath (70°). The excess of sodium ethoxide was removed by
centrifugation and washed twice with -ether. The reaction product combined with thé
etheral washings was then distilled. The yield was 167.0 g of a colorless liquid, b.p.s
101—135°. The product slowly forms peroxides on standing.

The product was fractionally distilled in a previously described setup including a 12
cm column 4. The result of the distillation is shown in Table 1.

The yield of triethoxytetrahydrofuran (fractions 3—22) was 36.24 g (55 %) and of
ethoxysuccinaldehyde tetraethyl acetal (fractions 24—32) 14.81 g (16 %) The yield of
the mixture of acetals is 52.83 g (fractions 3—32) (74 %).

It is apparent from Table 1 that the triethoxytetrahydrofuran consists of a mlxture
of two or more stereoisomers. Stoll, Lindenmann and Jucker! report b.p.;; 91—98° for
their triethoxytetrahydrofuran. i

Addition of methanol to dimethoxydihydrofuran. : A mixture of acetals of methoxy,
succinaldehyde was prepared from dlmethoxydlhydrofuran ¢ (100.0 g), methanol (dried
with magnesium, 400 ml) and boron fluoride etherate (10.0 ml) as described above. The
yield was 121.0 g of a colorless liquid, b.p.;s 75—102°. The product was distilled through
a 25 cm column ¢ (Table 2). During the distillation a low boiling product (0.58 g in all;

nD 1.3531), probably consisting mainly of methanol, accumulated in the cooling trap.

In order to reduce this splitting off of methanol, the product rate was increased towards
the end of the distillation.

In the article describing the setup for fractional distillation ¢ it was claimed that when
a pure compound is distilled at constant boil-up rate and a fixed setting of the timer, the
product rate remains constant within 3.%. In the above distillations this is only true for
the distillation shown in Table 1, but not for the distillation shown in Table 2. We beliové
that the reason for this is the very slight decomposition which takes place during the
latter distillation. The formation of gas causes small variations of the pressure in the
still-pot and the column, whereby the boil-up rate and thereby the product rate i
changed. In our experience, a slight decomposition is actually ‘indicated more clearly
by variations of the product rate, rather than by variations of the boiling point or the
purity of the product (e. g. as measured by the refractive index).

The yield of trimethoxytetrahydrofuran (fractions 2—12) was 40.79 g (33 %), of
malealdehyde tetramethyl acetal (fractions 15—18) 12.28 g (9 %) and of methoxysuc-
cinaldehyde tetramethyl acetal (fractions 20— 32) 50.46 g (32 %) The yield of the mlxture
of acetals (fractions 2—32) is 113.76 g (81 %).

- The malealdehyde tetramethyl acetal (previously found? b.p.;e 198—199°, nD
1.4282) was identified by transformation into malealdehyde bis-phenylhydrazone as
described previously ®. The yield was 74 mg (72 %), m. p. 170—171° (Kofler stage, corr.),
The hydrazone was further characterized by the infrared absorption spectrum (in potas:
sium bromide), which was identical with that of an authentic specimen prepared from
dimethoxydihydrofuran. (Found: C 72.3; H 6.2; N 21.5. Calc. for CyeH,N, (264.3):
C 72.7; H 6.1; N 21.2). :

It is apparent from Table 2 that the trimethoxytetrahydrofuran is a mixture of two
or more stereoisomers. Stoll, Lindenmann and Jucker? report b.p.;s 78—82° for their
product. Kebrle and Karrer ® report b p.;s 85— 86° and "n 1.4300 for a product prepa.red

by methylation of a 2,5-dimethoxy-3- hydroxytetra.hydrofura,n

Acta Chem. Scand. 9 (1955) No. 1
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Table 2. Distillation of 119.6 g of methyl acetals under 25 mm; heat’::fut 3.6 watt,; take-off

every 6.9 minutes; change of fraction every 8 hours. After about half of fraction 26 was

collected and until the end of the distillation the take-off valve was opened every 1.7 minutes

and the fractions changed every 4 hours. The total yield of distillate, including the product
in the cooling trap, was 116.9 g (97.7 % ). .

Fraction (g) B.p. °C ny c9 H 9 OCH, 9
1 (2.52) 65.5— 81.3 1.4296 49.0
2 (3.87) 81.3— 88.3 1.4233 54.7
3 (3.74) 88.3— 88.5 1.4228 - 52.0 8.9 55.8
C.H;O(OCH,), (162.2) requires 51.8 8.7 57.4
4 (3.85) 88.56— 88.6 1.4223 56.3
5 (3.72) 88.6 1.4225 56.3
6 (3.67) 88.6— 88.9 1.4222 57.7
7 (3.85) 88.9— 89.0 1.4226 51.7 9.0 - 56.4
8 (3.57) 89.0— 89.2 1.4226 56.7
9 (4.03) 89.2— 90.1 1.4230 56.4
10 (3.73) 90.1— 92.3 1.4241 55.9
11 (3.68) 92.3— 93.5 1.4260 51.3 8.8 56.4
12 (3.48) 93.5— 95.2 1.4264 57.0
13 (3.41) 95.2—101.3 1.4252 59.5
14 (3.18) 101.3—103.2 1.4233 65.3
15 (3.10) 103.2—104.3 | 1.4242 67.0
16 (3.05) 104.3—-104.8 1.4252 ' 68.5
17 (3.04) 104.8—105.1 1.4259 54.5 9.2 69.0
C,H(OCH;), (176.2) requires 54.5 9.2 70.4
18 (3.09) 105.1—111.5 1.4261 69.0
19 (3.64) 111.5—119.1 1.4191 71.5
20 (3.48) 119.1--119.2 1.4169 52.1- 10.1 73.0
CH;(OCH,); (208.3) requires 51.9 9.7 74.5
21 (2.94) 119.2 1.4169
22 (3.01) 119.2 1.4168
23 (3.10) 119.2 1.4168 52.4 9.9 74.5
24 (2.95) 119.2 1.4167
25 (3.07) 119.2 1.4167
26 (4.39) 119.2 1.4167
27 (5.47) 119.2 1.4166 52.4 9.8 74.0
28 (5.51) 119.2 1.4167
29 (5.84) 119.2 1.4166
30 (5.92) 119.2 1.4168
31 (3.90) 119.2 1.4167 51.8 9.7 73.2
32 (0.88) 119.2° 1.4176 72.8
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Studies of Absorption Spectra
VIIL Three and More d-Electrons in Cubic Crystal Fields .-

CHR. KLIXBULL JORGENSEN

Chemistry Department A, Technical University of Denmark, Copenhagen, Denmark

The first order splitting of d”-terms in relatively weak crystal
fields of cubic symmetry is obtained by application of the diagonal
sum rule to the intermediate crystal field case, first studied by Bethe.
In some of the cases, where the same crystal field quantum number
I', applies to two or more levels of the same multiplieity, the method
can only give the average value of the term splitting. Terms of d®,
which are only represented once, cannot show first order splitting
in the cubic field.

Bethe 1 found the number of levels, originating from a term with a given
L by group-theoretical means for any type of crystal field symmetry.
In the simplest case, the cubic symmetry, the terms of two d-electrons were
investigated by Ilse and Hartmann 2. The present paper gives some of the
analogous results for d3, d* and dS-systems. The splitting of d®-"-terms is
inverted, respectively to the corresponding d"-terms. When two or more terms
with the same combination of L and § occur, or when two levels of the same
term have the same ! crystal field quantum number I',, only the average value
of the splitting of the combined levels can be found by this method. As shown
below, the splitting of D- and H-terms with the same S cannot be found
separately, because of a similar conformity.

In strong crystal fields the levels can be classified ! according to their
number of y,- and y;-electrons, while they have no fixed L as the terms in the
free ion. Table 1 gives the distribution of the levels for the different electron
numbers. The cubic crystal field quantun numbers I, can be found by factoriz-
ing the group products of y, and p; of the occurring electrons * as linear
combinations of the character system of I',, given in Table 1, Ref!. The
multiplicity 2 § + 1 of the levels can be found by consideration of the degene-

* When two or more electrons with the same y,, are present, their group product must be
restricted by Pauli’s exclusion principle. This can be done by comparison with the number of
terms in the free ion, split by a cubic crystal field, or by comparison with the number of totally
non-degenerate states in fields of lower (tetragonal or rhombic) symmetry.

Acta Chem. Scand. 9 (1955) No.'1



STUDIES OF ABSORPTION SPECTRA VIII 117

racy number (2 S -+ 1)e, wheree =1, 1, 2, 3, 8 for I', with » = 1,2, 3, 4, 5,
,rcz‘sr’i?cgliveiy. The total sum of degeneracy numbers is given in the last column
of Table 1. -
- . The following relation between d1*-"-levels and d*-levels can be used for
higher numbers of d-electrons: : _
BYH=Vs Vs | (1)
Special cases of this analogy to Pauli’s equivalence theorem are yg==y;
and yi=y37". .
If E, is the energy of a ps-electron and E, of a y,-electron, the energy of
the d*-levels can be written: :
E = E(free ion) + NE, 4+ (n—N)E, T (2)

Tt is often convenient to fix the zero-point of the energy scale by defining the
energy gg E, + %7—" E, which is constant for all levels of the n electrons

to be = 0, and thus to write: » :
E = E(free ion) + (N—-z—g) (E,—E,) ©(3)

The second part of the expression gives the deviation of the level from the
centre of gravity of the term, defined according to Bethe . The Orgel diagram ?
is E of equ. 3 as function of (E,—£F,). This parameter indicates. the relative
strength of the crystal field and is the energy difference between the two
states of one d-electron in the same cubic field. In some cases, the value of N
changes from a limiting value for small (B,—E,) to another value for large
(E,—E,), as pointed out by Santen and Wieringen 4. The latter limiting values
can be found in Table 1 as the number of ys-electrons.

However, in the cases, where only one level 25*1I", occurs in a given electron
number in Table 1, N is invariable for all values of (£,—F,). Thus, the d*-levels
have N =1 in 1I', and 3[, corresponding? to the first-order values E, + E
for 1G' and 3F and' N — 2 in 3T, from *F. For ds-systems is N = 0 in 4I'; (4F)
and N =1 in the three cases I',(2Q), 2I',(2F) and 4I';(4F). For d*-systems is
N =1 for 3',(3G). As also found by Santen and Wieringen® is N = 1 for
5I'y(5D) and N = 2 for 5I'5(5D).

In the cases where two or more 25*1I", are represented, the total number
of y,-electrons occurring in the levels must equal the total sum of N for any
value of (E,—E,). This is analogous to the diagonal sum rule of Condon and

Shortley 5. E.g., in d2-systems, the two 3I', have together 2 N = % +% =1
and the: two 1I'y; have together N = % —|—g = 2.

The distribution of the N-sum on the individual levels for (E;—E;)->0
can be found from the theorems of Bethe ! on the deviations from the centre
of gravity of the original term. For S- and P-terms, which do not split up in a

cubic field, N is invariably 2—: For D-terms the energy can be expressed:
E(I';) = E(D) + 3%(D) and E(I's) = E(D)—27(D) ~ - (4)
Acta Chem. Scand. 9 (1955) No. 1
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Table 1. Distribution of d* levels in strong crystal fields of cubic symmetry.

Total sum of
Electron configuration: degeneracy
numbers

d: 9, Ty 4
yi ’r 5 . 6
d.: y" 1r1+'1',+‘1'. 6
Yovs W+ 3+ s+ 200 24
ys* 4+ 4+ 4T 15
dh: et 4
ysvs® 2 + T, + 2T 36
yss i+ T, + 22T + 22T + 4Ty + 2% + T 60
s Iy + s+ 20+ 20
B CRETR Y oA .
psys® o+ 3+ 5 + 2T 24

Ysipa? 230 + W0y + 30, + 33y + 30 + 2y + 3%, + 3 + 2T + °T 90
Ye'¥s 1+ + 0+ + g+ 285 + "1y + 2 + 220+ 215 + 2°T7s 80

p¢ WDy 4+ 43 41T 15
d*: peyst 6
Velpad Wiy + 280, 4 200+ T+ 22T + T 60
Velys? 230 4, 4D+ 2y + 4Dy + 3y + 2403 + 4 + T + 415 + *I's 120
Pstys Wy 403+ 2803+ 20+ 4T+ 225 + 4T 60
¢ 6

The parameter r;(D) descnbes thus fhe splitting of the D-term and E(D)
= E(D free ion) + E’l-{- E',, According to Bethe !, it is further possible
to write for F-terms and G-terms

E(I'y) = E(E) + 6y(F) E(I') = E(G) + 149(@)
E(I'y) = E(F) — 3n(F) E(I's) = E(@) + 29(G) )
E(I's) = E(F) + n(F) E(Iy) = E@) + (@)

E(I's) = E(G) — 139(@)

The parameters % can be compared with the Lande interval factor { for
multiplet splitting® due to coupling between L and 8.

When equ. 5 is applied to the case of 2I', in d3-systems (or 3I', in d*-systems)
by use of the known values of #(F) and 7(@), it can be concluded that the
splitting of H-terms is of the form

EI's) = E(H) + 3n(H)
average of two E(I}) = E(H) (6)
E(I'y) = E(H) — 2q(H)

Since similar results are not known for I-terms, S = 0 has not yet been
treated in d*-systems by the present method.
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Table 2. Multiplet splitting factors n (L ) of systems with two, three* and four d-electrons,
expressed in units of (E,—

ds S d2 S ds S
n(D)= +4/35 0 | 29(Dav)+n(H)=-+8/105| Y, | n(D)=—1/5 2
n(F)=+1/5 1 | n(F)=—1/5 ¥y | n(D)+n(H)=—5/21 1
7(@)=+1/35 0 | n(F)=-—1/30 1, | 2n(Fav)=—1/60 1

n@)=—1/70 Yo | (@ =-3/70 1

* kaelstem and Van Vleck!! have given the matmces for d? in cubic flelds 7(H) is

separately (E,--E,) and 7 of the two 2D-terms 110 nd — 21 0, giving the sum in Table 2.

The first-order deviations of the two I",(2H) levels are given! as 4+ 0.261 (E;—E,) which
is an energy of the same order of magnitude as the non-diagonal elements in the matrices.

Equ. 6 has the interesting consequence that only the sum 5(D) + 7(H) can be de-
termined by this method in cases where D- and H-terms have the same S, since 7(D)
and n(H) only occur in g:oportlona.l equations. This is connected with the fact that the

character systems can written
C(H) = 2C(P) + C(D) (7)
This is not a sufficient cause for the peculiar degeneracy of equ. 6. Thus the expression
o(@) = C(S) + C(P) + C(D) (8

has no significant effect of the energy expressions. Generally the character systems can
be written as & linear combination with the coefficients 4, > 0 of only four (and not
five) fundamental character systems:

C(L) = AC(S) + A,C(P) + A,0(D) + AC(F) (9)

Thus, the number of I'; levels at a given L is always equal to 4,+4,, the sum
of I's and I'; levels.

The results of Table 2 are obtained from the diagonal sum arguments above
and equations 4—6. The subscript ’av’’ denotes the average energy of the
terms in the cases where two terms with the same combination of L and § are
found in the free ion 5.

Fig. 1. Orgel diagram for terms of highest
multiplicity in cubic crystal ﬁelda. Left-
hand side d*- and d"-ayatems i octahedral ot 1 TQ T »
complexes with negative tons or dipoles as Crent itH2008 VIH005
ligands. Right-hand side d*- and d?-systems. Cr?H,éJ’;NIen; Co(H;O);’
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- - When the method is applied to d5, all the 5(L) are 0. This could also be
inferred from the inversion of the first order term splittings in d%-* pelative
to d”, since d® is its own hole-equivalent. The observed splittings ¢ of 4@ in
‘Mn** and Fe*** are thus due to second order effects of (B,—E,) in stronger
crystal fields (here acting on 4I', and 4I'; for the two first bands). Since these
terms usually have only small distances in the free ions with d3, d¢ and d5-
configurations, their interaction can be described by the non-diagonal elements
in the matrix of the form given by Orgel® which are presumably quite pro-
minent for § smaller than the maximum value. E (free ion) of equ. 3 is
also intermixed of the different interacting states, originating in the weak
crystal field. : . o

As an example of the transition from weak to strong crystal fields, Fig. 1
illustrates the interaction of levels with the same I', in the case where the
highest multiplicity is represented by F- and P-terms. The right-hand side
is the Fig. 3 of Ref.3, valid for d and d, while the left-hand side applies to d3
and d® in octahedral complexes 4. Some concrete examples of crystal field
strengths are given by the vertical arrows. The corresponding observed wave
numbers are given in Table 3. It is seen that I'y(F) is lower in d® and d3-systems
than the lowest of the two I'y. At high values of (E,—E,), I, should in these
systems be placed a constant amount below I'y according to Orgel 3. This
is supported by the tetragonal splitting of the first band of mono- and trans-di-
substituted chromium(III) complexes, since I', has first order tetragonal
effects in contrast to I's. Nevertheless, a crossing of I', and I'; seems highly
improbable. Rather the wave-functions are intermixed ! by passing from weak
to strong crystal fields. The third band in chromium(III) complexes, corre-
sponding to the transition to the highest I', is predicted far in the ultra-violet.

‘Table 3.  Mawima of observed absorption bands in em-1.

Shoulders are given in parenthesis. en” = ethylenediamine. The energy difference
between the P and F term of highest multiplicity is given for the free ion, known from
. atomic spectroscopy 1. -

V (H,O0)e+++ 17300 25 800 o P_3F =13300 "

Cr(H,O)¢+++ 17 400 24 500 ‘ ‘P—4F = 14 200.
Cr engt++ 21 850 28 450 —»—

Co(H;0)s++ 8 000 (16 000) 19 400 (21 550) *‘P—*F = 15400
Ni(H,0),++ ; 8 000 13 500 (15 400) 26300 3P—3F = 16 900

Ni eng++ - 11200 18 350 29 000 —»—

Analogous to the generalization from the d2-levels to most of the d*-levels in
cubic crystal fields, Ballhausen and the author will publish elsewhere!? results
on d-levels in crystal fields of tetragonal and rhombic symmetry. These will
utilize the calculations on one and two d-electrons in fields of low symmetry,
according to Ballhausen 7,8,°, where the electron distributions in strong
crystal fields on the individual tetragonal and rhombic quantum numbers 9,
can also be connected with the energy expressions in weak crystal fields of the
corresponding symmetry for most d*-systems. . . . :

Acknowledgment.. I am very much indebted to Professor Jannik Bjerrum for his inter-
est in this work, and to Mr. C. J. Ballhausen for many valuable discussions.
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The Crystal Structure of (NH,),SbCl,

MAJA EDSTRAND, MATS INGE and NILS INGRI

Institute of Inorganic and Physical Chemistry, University of Stockholm, Sweden

(NH,),SbCl; has been investigated by X-ray methods. It is mono-
clinic, space group No. 12, 02[m-0'," with 4 formula units in the unit
cell. The cell dimensions are: a = 11.9, A, b = 7.7, 4, ¢ = 11.9, A,
a = 114.7° and V = 1003.2 A3, the atomic coordinates are given on
p. 130, and the interatomic distances in Table 3. The antimony and
chlorine pos:tions were determined from Patterson projections and
by applying the Vector Convergence Method”. The parameters
were refined by electron density projections, from which the ammo-
nium positions also were discovered. The ammonium positions were
checked from space considerations.

The structure is represented in Figs. 11, 12, 13, and 14. Antimony
is surrounded by five chlorine at five of the corners of a distorted

octahedron forming an isolated SbClg_ group. The chlorine and

ammonium form together a distorted close-packing with some vacant
positions.

The structure determinations of the antimony(IIT)oxide halogenides Sb,0;X,
where X = Cl or Br (Edstrand ), SbOCl (Edstrand 2) and two other oxide
halogenides with the idealized formulae Sbg0,,(OH),X, where X = Cl, Bror I
and [SbgOg(OH)]Cl2+x[(OH)sx(H0)1 +x] (Edstrand®) have made it seem of
interest to investigate the distances between trivalent antimony and the
halogenide ions in the solid state, and also to obtain some more information
regarding the coordination of trivalent antimony. In SbOCI there are two
ifferent types of Sb—Cl distances, one of the magnitude 2.4 A and the other
of the magnitude 3 A. In Sb,0,Cl, we have only Sb—Cl distances of the
magnitude 3 A and larger. The distance of about 2.4 A is of the same magnitude
as the Sb—Cl distances found for SbCl in the gas phase. Gregg, Hampson,
Jenkins, Jones, and Sutton 4 found it to be 2.37 + 0.02 kX by electron diffrac-
tion methods, and Kisliuk & found it to be 2.325 4- 0.005 A by microwave
methods. :
Trivalent antimony seems to have different coordination numbers in
different compounds. We shall here give a short review, which is not supposed
to be complete, of the coordinations which have been found.

Acta Chem. Scand. 9 (1955) No. 1



CRYSTAL STRUCTURE OF (NH,),SbCl, 123

3-Coordination.
"~ A more or less regular trigonal pyramid with antimony at the top: SbCl,,
SbBrs, and Sbl; in the gas phase 4%, Sb¥,; in the solid state?, KSb,F,8,
Sb,0; cubic %10 and orthorhombic 11, ZnSb,0,!2, Tetrahedrite CuyzSbS,13, 14,
and Wolfsbergite CuSbS,15, 16, ‘

In the following compounds there are Sb(ITI) atoms with different coordina-
tion numbers, one of which is three: Sb,0,Cl, and Sb,0;Br,!, SbOCI2, Sb,S,¢, 17
and the isotypic Sb,Se,'®, and Berthierite FeSb,S,°.

4-Coordination.
I. Tetrahedral coordination: Berthierite FeSb,S,®.

II. A square pyramid with antimony at the top: Nadorite PbSbQ,CI20,

ITII. A deformed trigonal bipyramid with antimony in the centre and
with one of the equatorial corners unoccupied: Sb,04Cl, and Sb,0;Br,},
SII_;O(?P, S:t;,,Ow(OH)zx2 where X = Cl, Br, or I3, and [SbgOg(OH),]Cly+x[(OH), -
(Hp0),+x 2.

IV. A deformed trigonal bipyramid with antimony in the centre and with
" one of the tops unoccupied: CsSb,F,2L.

_ 8-Coordination.

A more or less regular octahedron with antimony in the centre and with one
of the corners unoccupied: K,SbF22, KSbF,2, and NaSbF,2¢. In these papers
there are also discussions of the different coordinations found in some complex
antimony(III)fluorides. It seems as if half of the antimony atoms in Sb,S,!8,17,26
have a coordination which can be interpreted as a 5-coordination of this type.

6-Coordination. ,

A more or less regular octahedron with trivalent antimony in the centre:
(NH,);SbBrg, RbySbClg, and Rb,SbBr,2¢, Sb,0, and SbTa0,??, and the idealized
structure for Miargyrite AgSbS,28.

8-Coordination.
Around the trivalent antimony in SbyO,OH?2.

9-Coordination.

In SbSX% and the isotypic SbSeX3! where X = Br or I. There is, however,
close contact between Sb and only some of the 9 anions. To us the constitution
of the double bands of Sb, S, and X seems to suggest 5-coordination.

In some of the examples the positions of the light atoms might be a little
uncertain on account of the difficulty of locating them from the X-ray data and,
accordingly, there might also be some uncertainty in the coordination number.
In the cases of the coordination number 3, the results might have been in-
fluenced by a preconception that this should be the normal coordination of
trivalent antimony.

For the investigation of antimony-halogen distances in the solid state it
seemed more convenient to use the complex antimony(III)halogenides than the
simple halogenides, as some of the former are more stable in air than the

Acta Chem. Scand. 9 (1955) No. 1
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latter. It also seemed best to start with a compound with a fairly simple
formula and which did not contain any water of crystallization. :

After the structure determination of (NH,),SbCls was finished, there appear-
ed a structure determination of the complex chloride CssSb,Cly by Yamatera
and Nakatsu32. They report that it has the same type of structure as Cs;As,Cly33.
From the data by Yamatera and Nakatsu it does not seem as if the coordina-
tions of As and Sb are the same in these compounds. In CsgAs,Cl, there is
only a pseudocoordination of six around As as it is in close contact with only
three Cl atoms. The data for CsgSb,Cly, however, seem to indicate six coordina-
tion for Sb, and when calculating the Sb—Cl distances we find them to be
2.7 A, which seems rather large. The structure determination has been based
on powder data, but is going to be re-examined by single crystal methods
according to a private communication by Dr. K. Nakatsu.

PREPARATION

Complex antimony(IIT)halogenides have been prepared by many investigators. A
number of complex compounds in the system NH,CI-SbCl, are described in Gmelin 2*.
(NH,),SbCl; was first prepared by Jacquelain 3* who obtained it from an acid solution
of the two salts in mole proportions according to the formula and described it as a dodeca-
hedron derived from a regular hexahedral prism. Dehérain ** prepared it by treating
SbCl, - 2NH; with hydrochloric acid and described it as yellow hexagonal plates.

In the present investigation, SbCl; and NH,Cl were mixed in the mole proportions
3:4 in water with or without hydrochloric acid. The solution was then evaporated by heat
or by means of a vacuum. When a solution was evaporated by heating to the beginning
of crystallization a lot of hexagonal leaves precipitated during the cooling and after that
needle-shaped crystals were formed as four-sided prisms. An example is: 0.646 g NH,Cl
was dissolved in 2.5 ml of 1 M HCI and then mixed with 2.06 g SbCl;. This solution was
then evaporated by boiling to a volume of about 1 ml. A few hexagonal plates precipita-
ted. It was then kept in a vacuum desiccator above sulfuric acid for 20 hours during
which the main part crystallized as four sided prisms. As far as we know these four
sided prisms have not been described in the literature before, unless they are identical
with & compound found by Poggiale 3. He described it as crystallizing in beautiful
rectangular prisms and ascribed to it the formula 3NH,, HCI; SbCl; + 1.56H,0. We used
these crystals for the structure determination. They were fairly stable in air, but on
long exposure to air they were hydrolysed.

ANALYSIS

Since we could not take any reliable powder photographs on account of the hygroscopic
character of the substance, we had to pick out a single crystal from each preparation and
take a rotation or Weissenberg photograph for the identification of the substance. To
be sure that these crystals really represented the main part we proceeded in the following
way. In one preparation we obtained a very large crystal. From this crystal we cut off
a small fragment, of which we took a Weissenberg photograph. The rest of the crystal
we used for antimony analysis, and found that it gave the same result as the other
prep arations. ’ :

. For the antimony determination, the substance was dissolved in hydrochloric acid
and titrated with potassium bromate according to Smith and May * with naphthol blue-
black as indicator. For the determination of chlorine, the substance was boiled with a
concentrated solution of sodium carbonate in a platinum dish. After filtration the chloride
was titrated by the Volhard method in the presence of nitrobenzene. Ammonium was
determined according to Kjeldahl.

Ammonium %  Antimony % Chlorine 9,
Calc. for (NH,),SbCl 10.77 36.33 52.90
Found ’ 10.37, 10.57 36.47, 36.17 52.13, 51.86

Actn Chem. Scand. 9 (1955) No. 1
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- UNIT CELL AND SPACE GROUP

Single crystals were selected. To avoid their decomposition they were
coated with Apiezon grease, which protected them fairly well. Rotation and
Weissenberg photographs were taken round two of the axes with Cu-radiation.
We had the following series of Weissenberg' photographs (double films):
hOl, h1l, h2l, h3l, h4l, hkO, hkl, hk2, hk3, hk4, hkb, hk6, and hk7. Relative
intensities of the reflections were estimated visually by comparison with an
intensity scale obtained by exposing an interval of the zero layer line, contain-
ing a strong reflection, with different exposure times on a pack of four double
films. They were then corrected for the Lorentz and polarization factors using
the curves given by Kaan and Cole .

The crystals proved to be monoclinic with the b-axis coinciding with the
needle-axis. The cell dimensions were determined from the Weissenberg
photographs, as we could not obtain reliable powder photographs. Using
Acuka, = 1.54051 A, where the «;, and a, reflections were separated, and

Acuka = El,’- (2Aq, + Aq,) = 1.54176 A, where these reflections were not separated,

we found the following values:

a=119; A b=177, A, ¢=11.9, 4, f=114.7° and V = 1003.2 A3

If 4 formula units are assumed per unit cell, the density would be
deare = 2.22, we found dops = 2.26, 2.24.

The density of the crystals was determined from the loss of weight in carbon
tetrachloride, as this liquid was found not to decompose the crystals. The
density of carbon tetrachloride was taken from Beilstein 4°.

In the Weissenberg photographs all reflections with (k + k) odd are
systematically absent, which is characteristic of the space groups No. 12,
C2/m—C3,, No. 5, C2—C%, and No. 8 Om—(C?4. To try to decide between
these three space groups, we applied the method of intensity statistics 42, 43
to the zero zones R0l (see Fig. 1) and hk0 (see Fig. 2). It is apparent that the
intensity distributions in both cases seem to indicate symmetry centres in

- NV2)
- %
50\ x

50

-

L

0 N T .ZJ %
100 o 50 100

o

0 50

Fig. 1. Intensity statistics for hOl. X re-
presents the experimental intensity distri-
bution compared with the theoretical centric
distribution (wpper curve ) and the theoreti-
cal acentric distribution (lower curve ).

Acta Chem. Scand. 9 (1955) No. 1

Fig. 2. Intensity statistics for hk0. x re-
presents the experimental intensity distri-
bution compared with the theoretical centric
distribution (upper curve ) and the theoreti-
cal acentric distribution (lower curve).
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Fig. 3. P(UpW ). Contours at an interval of 200 arbitrary units. Negative values dotted.

“the projections, and thus it appeared reasonable to assume the space group to
be No. 12, 02/m—C3,, since this is the only one which has symmetry centres in
both projections.

PATTERSON SYNTHESES AND VECTOR CONVERGENCE DIAGRAMS

It seemed probable that the positions of the four antimony atoms would be
found from Patterson projections. The calculated P(UpW)-projection is
given in Fig. 3 and the P(UVp)-projection in Fig. 4. Considering the space
group C2/m, the antimony atoms can be situated either in one of the fourfold
positions or in a combination of two twofold positions. Combinations of the
twofold positions 2(a) + 2(c), 2(a) + 2(d), 2(b) 4+ 2(c), and 2(b) + 2(d) all
require maxima of the weight 2 in the P(UpW )-projection at =0, w= } and at

= 4, w = }. As we can see there are practically no observed maxima at these
coordinates, and thus it seems reasonable to exclude the combinations men-
tioned. Combinations of the twofold positions 2(a) 4 2(b) and 2(c) + 2(d)
require maxima of the weight 2 in the P(UVp)-projection at « = 0, v = }.
The observed maximum is, however, one of the lowest in this projection, and

 0.50

Fig. 4. P(UVp). Contours at an interval
of 100 arbitrary units. Negative values dotted.
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thus these combinations do not seem very probable. It therefore seems
possible to exclude all the twofold positions. In the Patterson space P(UVW)
the fourfold positions give the following vectors:

I within 4(e) and 4(f) of weight 4 A 0,3,0
B %’%30
¢ 1,00
II within 4(g) and 4(h) of weight 4 A 1,30
of weight 2 B 4 (0,29,0)

C + (3.3 + 24,0

IIT within 4(7) of weight 4 A 3,3,0
of weight 2 B + (22,0,22)
‘ Y + (3 + 27,3,22)

As the maximum in the P(U Vp)-projection corresponding to the vector TA
is among the lowest, it seems possible to exclude the positions 4(e) and 4(f).
The only maximum corresponding to the vector IIB in P(UVp), which is of
reasonable height, is situated at the origin. As this corresponds to ¥y = 0O or §,
this would mean that the fourfold position corresponds to two twofold positions,
which does not seem probable from what has been stated above.

We then have to consider only the position 4(¢) and the corresponding
vectors of group III, which ought to be among the highest maxima found in
the projections. The vector IIIB corresponds to the following series of possible
maxima in P(UVp) with » = 2z = 0, 0.1025, 0.1847, 0.2908, 0.3818, 0.5000,
0.6182, 0.7092, 0.8153, 0.8975,1.000 ....... where the maxima at » = 0.1847 and
0.8153 are the highest after that the origin. In P(UpW) the two maxima next
in height to that at the origin are at a) # = 0.4403, w = 0.1198, which corre-

050

Fig. 6. The xy-vector;convergence diagram.
Only the lowest positive contours in P (UVp )
have been drawn. The centers of the peaks
are marked with crosses, the size of which
are proportional to the heights. One set of
Patterson maxima is marked with full lines
and the other with dotted lines. The finally
accepted atomic positions are indicated at
the points of convergence.
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Fig. 6. The xz-vector convergence diagram. Only the lowest positive contours in P (UpW )

have been drawn. The centers of the peaks are marked with crosses, the size of wi u:f are

proportional to the heights. One set of Patlerson maxima is marked with full lines and the

other with dotted lines. The finally accepted atomic positions are indicated at the points of
convergence.

sponds to the following series of u-values: 0.4403, 0.9403, 0.0597, and 0.5597
and b) v = 0.1743, w = 0.4422, which corresponds to the following series of
u-values: 0.1743, 0.6743, 0.3257, and 0.8257. We can see that the u-values
of the series a) and b) which are sufficiently close to values in the series from
P(UVp) are u'= 0.1743 and 0.8257 (in P(UVp) 0.1847 and 0.8153). These two
u-values with corresponding maxima give four different sets of atomic coordin-
ates, which, however, can be transformed into each other by translations of }
along the axes. We now choose the coordinates z = (3 0.1743 + } 0.1847)
=0.090, y =0, and z = } 0.4422 = 0.221 for Sb.

We also have to locate 20 chlorine atoms and 8 ammonium jons. It seemed
quite probable that some of the other observed maxima in the Patterson
projections would correspond to Sb—Cl vectors. This made it worth while
to try the ’Vector Convergence Method’’ described by Beevers and Robertson 4
on the projections starting with the previously found coordinates for Sb in 4(s).
In this way we obtained the zy-projection in Fig. 5 and the xz-projection in
Fig. 6. There are quite clear indications of the Cl-positions and it is also
possible to guess something about the NH}-positions. An interpretation of

the diagrams gave the following set of approximate parameters, where the
NH}-positions are omitted since they did not seem quite certain.

z y z
Sb in 4(3) 0.090 0 0.221
cL in 8(j) - 0.159 0.245 0.120
cl, . in 8(j) 0.048 0.243 0.350
Cly in 4(1) 0.286 0 0.360

Acta Chem. Scand. 9 (1955) No. 1
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,0.50

"Fig. 7. 0 (XYp). Contours at an inierval
of 100 arbitrary units. Negative values dotted. 0.25 ]

A rough calculation of the interatomic distances with these preliminary
parameters showed that the distances were of reasonable magnitude, and that
Sb is surrounded by 5 Cl at five of the corners of a deformed octahedron.
Since a coordination of this type has been reported previously for the SbF2~-ion
in K,SbF; by Bystrém and Wilhelmi 22, the Cl-positions seemed quite likely.
It can be mentioned that (NH,),SbCl; and K,SbF; are not isomorphous.

FOURIER SYNTHESES

The best way to refine the parameters of antimony and chlorine and try to
find the ammonium positions was by Fourier syntheses. In this case the
coordination around antimony is of much more interest than the coordination
around the ammonium ions, and thus it does not seem necessary to find the
ammonjum parameters with very large accuracy. The Fourier syntheses

have been calculated with F, =l/i where F is the structure factor, I is

the estimated intensity, Lp are the combined Lorentz and polarization factors.
In all syntheses the value of F(000) has been omitted. Correction for absorption
has not been applied. The maxima have been located by the interpolation
table given by Booth 4.

Fig. 8. o(XpZ). Contours at an interval of 200 arbitrary units. Negative values dotted.
Acta Chem. Scand. 9 (1955) No. 1
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The refinement proceeded by successively calculating several o(X ¥Yp)-
and o(XpZ)-projections, including more and more F-values. The final
¢ (X Yp)-projection is given in Fig. 7, and the final o(XpZ)-projection in Fig. 8.
The antimony and chlorine peaks are clearly resolved, and we see that, in the
¢ (XpZ)-projection, the eightfold chlorine positions Cl; and Cl, are higher than
the fourfold chlorine position Cl; as can be expected. There are also indications
of the ammonium positions, which seem to be situated in the fourfold positions
4(s). One of them, (NHY),, is quite clear in p (X Yp) but is masked in o (XpZ)
by Cl;, since the two atoms are situated practically above each other. The "
(NH}),-maximum in ¢ (XpZ) is the maximum next in height to the Cl,-peak.

It is also found in g (X'Yp) but here it is rather low. We then arrived at the
following set of parameters, where x, indicates the parameter from o (XpZ),
z, the parameter from g (X Y), &y the mean value of the two, and Ax=|x,—a,|.

&y &, Tmv Y 2 Ax
4 Sb in 4(2) 0.0860 0.0867 0.086, © 0.220, 0.0007 = 0.008 A
8 Cl, in 8() 0.1692 0.1650 0.16, 0.24, 0.11, 0.0042 = 0.05
- 8 Cl, in 8(j) 0.0375 0.0492 0.04, 0.24, 0.35, 0.0117 = 0.14
4 Cl; in 4(2) 0.2903 0.2937 0.29, 0 0.36; 0.0034 = 0.04
4 (NH:), in 4(¢) 0.2097 0.1875 0.19, 0 0.63, 0.0222 = 0.27
4 (NHI)g in 4(z) 0.4113 0.3931 0.40, 0 0.12, 0.0182 = 0.22

From the values of Ax we obtain an approximate estimation of the
accuracy of the z-parameters, and it seems probable that the accuracy of
the y- and 2-parameters is about the same if we measure them in A units. The
maximum value of A% is 0.14 A, which seems to indicate that the Sb—Cl
distances are accurate to within 4+ 0.25 A, and the C1—Cl distances to within

Fig. 9. Out at y =0 to locate NHY. + Fig. 10. Cutaty =i tolocate NHE. +
projection of centre of Cl. ® projection of  projection of centre of Cl. ® projection of
centre of Sb. Full circle = forbidden area centre of Sb. Full circle = forbidden area
around Cl and dotted circle = forbidden area  around Cl and dotted circle = forbidden area

around Sb. There are room for the SNH 1' m around Sb. Here is no room for NH 1'.

two fourfold positions inside the areas mar-
ked I and II.

Acta Chem. Scand. 9 (1955) No. 1
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+ 0.5 A. Considering, however, that the distances Sb—Cl, and Sb—Cl, are

equal (cf. Table 3) the real accuracy might be a little better than that stated

above. .
Because the parameters of the eight NH| are the least accurate, it is

advisable also to ascertain their possible positions from space considerations.
They can be situated either in two fourfold positions or in one eightfold position. .
The sum of jonic radii are NH}—Cl- 8.24 kX (Goldschmidt, from Internationale
Tabellen 4). Not knowing much about the minimum distance between
antimony and ammonium, we assumed it could not be shorter than 3 A
Considering that the b-axis is 7.70 A, and that there are mirror planes at y = 0
and 1, the only possible y-parameters are y = 0, y = 4, and y approximately
1/4. Spheres of appropriate radii, inside which no ammonium centers could
oceur, were considered around the chlorine and antimony centers. Cuts were
made at y = 0, see Fig. 9, and at y = 1/4, see Fig. 10. We see that there is
only room for the ammonium ions in the cut y = 0 inside the areas marked I
and II. As the ammonium positions found from the Fourier projections fall
inside these two areas, it seems justified to assume these positions. As the
exact NH{—Cl distances are not of any particular interest in this case, we did
not try to refine the ammonium parameters any further.
F-values were then calculated as

3 2
F e = const I:beASh + fa 3 Aoy + fn ZANHZ]
T 1

where fsp, fa and fx are the atomic scattering factors of antimony, chlorine
and nitrogen with due consideration taken to their variation with ©4. The
calculated and observed F-values are given in Tables 1 (for 20l) and 2 (for ~k0).

—|
The reliability factor R = ZLLFL‘FTFLH is 0.24 (0.27 without NHY)
for k0l and 0.23 (0.27 without NH7) for hlgb when only the observed reflections
have been included. The values of R calculated with an without the NHY-
parameters also indicate that these positions are probable.

DISCUSSION OF THE STRUCTURE

As mentioned on p. 129 Sb is surrounded by five Cl at the corners of a
deformed octahedron, where the sixth corner is unoccupied, giving an isolated
SbCE— group, see Fig. 11. This type of coordination has been postulated by
Pauling ¢ for an atom with five bonds and one unshared electron pair, which
occupies the sixth corner. The distances in the SbCI2— group are: Sb—4Cl
(approximately in one plane) 2.6, A and Sb—Cl (opposite the empty corner)
2.3, A. We see that the Sb—Cl distance opposite the empty corner is shorter
than the others and that the difference is perhaps too large to be explained
entirely by the errors in the distances. As a comparison we have the following
Sb—C1 distances in the solid state: in Rb,SbClg 2.47 4+ 0.03 kX2, in SbOCl
2.2, and 2.4, 4 0.3 A2 As to the distances in the gasphase see p. 122.

Acta Chem. Scand. 9 (1955) No. 1
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Table 1. Calculated and observed F-values of hOl for
100 701 hO2 n03 704 ho5 108 107
h
F. F, F. F, F. F, Fo Fo F. Fo F. F, F. F, Fe Fo
12 | 3117 48 22 | —36 35 | —57 41
10 | 1328 52 53 16 —35 35 12 51 49
8 |—65 61 3 51 54 | —85 69. | —25 32 88 44 36 17 41 17
6 |—35 46 3 79 9 17 | —86 76 | —45 44 22 32 43 33
4 |—38 30 |—128 150 | 103 126 | 109 130 | —10 17 | —10 17 | —74 68 | —I10
2 | 2230 |—I122 129 | —98 108 42 60 72 78 | —4 —18 36 | —16 17
0 —97 93 | —12 —62 80 36 50 | —2 14 [ —90 95
—2 92 55 6 —27 30 12 14 50 54 38 47 | —76 78
4 3¢ 32 | —58 62 14 22 | —56 61 | —2 164 148 9
6 17 14 58 176 24 37 | —61 74 |—100 106 9 68 80
8 4 —4 25 86 124 73 103 |—105 136 | —b52 140 29 22
10 —47 55 | —T1 71 | —10 70 88 27 25 | —38 58 13
12 59 656 | —25 48 | —04 86 39 54 19 —44 30 8
14 42 41 31 26 33 4 49 44 5 —28 30
Table 2. Calculated and observed F-values of hk0 for a Weissenberg photograph
of (NH,)SbCls. CuKa-radiation.
100 h10 h20 h30 h40 h50 160 R0 h80 h90
h - .
F.Fo| FoFo | FoFo| FoFo | FcFo| FcFo | FoFo | FcFo | FoFo | FcFo
0 . 26 28 1568 183 21 30 108 64
1 64 64 41 39 56 58 20 14 49 27
2] 3025 — 310 24 26 1 18
3 6 10 8 117 9 -1
4|—28 39 —25 32 —23 26 —19 25 —17
6 —63 69 —63 57 —47 47 —b54 42 —33 22
6 |—33 57 —90 81 —28 32 —170 55 —24 17
7 —32 46 —31 32 —25 —14 10
8 [—62 72 -7 —54 49 1 —43 27
9 —.6 5 —16 14 13
10| 12 35 84 86 12 17 72 52
11 48 54 44 58 38 30
12| 25 17 28 32 27 14
13 : 30 27 31 35
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Weissenberg photograph of (NH,),SbOl;. CuKa-radiation.

133

h08 h09 h010 hO11 h012 h013 h014 h015
Fe Fo F¢ Fo Fe Fo F¢ Fo Fe Fo F¢ Fo Fe Fo Fe Fo
—39 36
30 —34 32
56 58 —56 52 —25 17 59 20
52 57 22 20 —82 60 —38 17 26 14 32 17
71 68 90 82 —14 14 —22 14 —63 40 —14 17
—90 91 40 44 56 b4 11 —1 —26 20 27 28
—82 63 —21 20 —31 25 30 37 16 14 | —58 47 40 28 68 26
7 —21 20 9 12 27 26 —47 36 —79 51 35 26
—18 15 —24 51 —8 97 178 13 —170 37
37 47 —1 —33 20 —75 66 —2 84 63
—1 17 30 71 64 48 —175 67 —b62 20
—48 40 —15 62 47

Fig. 11. The SbCIE™ group with the assu-
med stereochemically active unshared electron
pair occupying the sixth corner of the octa-

hedron.

The SbCL- group is isotypic with the SbF:~ group in K,SbF;*2, where,

however, the Sb—F distance opposite the empty corner seems to be larger than

the others. For the similarly five coordinated antimony in the complex Sb

FA_

4718

in KSbF,2 this Sb—F distance is the shortest. If we interpret the coordination
around one of the antimony atoms in Sb,S;1%,17 ag a five coordination of this
sort we find the Sb—S distance opposite the empty corner to be the shortest.
An analogous coordination is also found in TII 48 around both T1and I, although
we have not isolated complexes here. In this case the distance opposite the
empty corner is the shortest.
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Fig. 12. Approximately close-packed layer Fig. 13. Approximately close-packed layer
at z = 0.36 projected orthogonally on the with vacant positions at z = 0.12 projected
ab-plane with four adjacent unit cells. The orthogonally on the ab-plane with four adi-
radit of the circles are equal to the ionic  acent wunit cells. The radii are equal to the

radii of Cl- (1.81) and NHY (1.43).  ionic radii of Ol (1.81) and NH? (1.43).

We can describe the structure of (NH,),SbCl; schematically in the following
way. The ClI" and NH} form together a distorted close-packing with some

vacant positions. In this packing we have two types of layers: A, with all
positions occupied, see Fig. 12; B, with vacant positions, see Fig. 13. The
sequence of the layers is: A,A' BB’ AA’B,B/,..... . These layers are
approximately parallel with the ab-plane. The Sb atoms are situated in some
of the octahedral holes in such a way that one Sb is surrounded by five Cl and
with the unshared electron pair directed at the empty position in the close-
packing. Orthogonal projections of the structure of (NH,),SbCl; are given in
Fig. 14. The interatomic distances are given in Table 3.

Fig. 14. Orthogonal projections of the structure of (NH, ),SbCl;. Parts of adjacent unit
cells are given.
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Table 3. Interatomic distancesin (NH, ),SbCls. A units. The numeral 2 x before a distance
means that it occurs twice.

In SbClg" group.

Sb — 5 Cl 2 x 2.6, 2 x 2.6, 2.3,
a — 3.7 3.7, 2x36, 2x32 2Xx34
. 8b — 4Cl (at the “empty” side of the group) 2 x 4.3, 2 X 5.0
(NHIn—11C1 2x33 2x35 2x36 2x36 37 2 % 8.8
(NH}).—9 1 2x31, 2x383 2x33 36  2x38
Cl,—8b - 2.6,
Cl,—4 NH} 31, 33, 33 3.3
Cl,—8b 2.6,
Cl,—4 NH} 31, 35 36 3.6
Cl,—Sb 2.3
Cl,—4 NHY 3.6, 3.7, 2 X 3.8
CL—17 Cl 3.2, 36, 3.7, 3.8, 4.0, 4.0, 41,
Cl,,—8 Cl 3.4, 36, 36, 3.6, 3.7, 3.9 40, 4]
Cl,—8 Cl 2 x 3.2, 2 X 3.4, 2 X 3.6, 2 X 3.6

(NH}),—2NH] 44, 44

(NH}),—2NH} 4.4, 4.6,

Sb—Sb 4.8,

Sb—7 NH} 2 x 43, - 43 44 45 2 X 4.5,
(NH})—4 Sb 44, 45 2 x 45

(NH}),—3 Sb 2 x 43, 4.3,

The NH 7 ions have a} fairly irregular coordination with most of the NH-CI
distances longer than the sum of the ionic radii, which is 3.24 kX%, The long
distances might perhaps be explained by the fact that NH} and Cl- form a
gort of close-packing although they have not the same size.

The authors wish to thank Professor A. Olander for his encouraging interest and for
valuable discussions. The investigation has been financially supported by Statens Na tur-
vetenskapliga Forskningsrad.
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The Crystal Structure of Ni,P.(Fe,P-Type)
BERTIL ARONSSON

Institute of Chemistry, University of Uppsala, Uppsala, Sweden

The structure of Ni,P (Fe,P-type) has been determined using
single crystal data. The space-groups is S§—1I3 and all atoms occupy
general positions 8(g). The structure is rather close-packed, resulting
in high coordination numbers. The phosphorus atoms have 9 nickel
neighbours at an average distance of 2.30 A. The relation to some
other types of transition metal phosphides is discussed and the
similarity between the Mo,Sis-phase (usually described as ’Mo,Siy”)
and the Fe,P-type is noted.

The first X-ray crystallographic investigation of Fe,P was made by Hagg 1.

The unit cell was found to be bodycentered tetragonal with the axial lengths
a = 9.090 kX and ¢ = 4.446 kX. The cell contained 8 formula units and the
Laue symmetry was Cy—4/m. The appearence of 0,0,2 excluded all space-
groups except 83—I4, C3—I4 and C},—I4/m. The first of these groups was
considered to be the most probable one, owing to the external form of the
crystals.

In more recent investigations the following isomorphous phases have been
found: MngP2, CryP3, NigP4, Mo,P% V,P¢ * and Ti;P?. A determination of
the FezP-structure was, therefore, considered to be of some interest. NigP
was chosen for this investigation, because it permitted the use of CuK-radiation
without disturbance from fluorescent radiation.

EXPERIMENTAL

The preparation of NisP was made according to the method, described by Haughton ®
and Higg !: Pastilles of red phosphorus were dropped into molten nickel. The nickel was
molten in a Nj-atmosphere in a high frequency induction furnace. After cooling the melt
was crushed in a steel mortar. Powder photographs were taken in a camera of the Guinier
type using CuKa radiation. Some crystal fragments were selected and the one that gave
the best reflexions was used in the single crystal work. For the Weissenberg photographs
MoK radiation was used. The crystal was rotated around the c-axis and the layer lines
0—4 were recorded. With the aid of Lu’s ? curves, relative |F|3-values were calculated

* Schénberg 12 has not been able to verify the existence of this phase. It seems probable, how-
ever, that it does exist.

Acta Chem. Scand. 9 (1955) No. 2



138 BERTIL ARONSSON
‘ b
0 /2

=
@ |

O

gl

Fig. 1. Final Fourier projection x,y. Contours drawn at intervals of approximately 15¢ A-2.
1/8 of the unit cell is given.

from the visually estimated intensities. No corrections were made for adsorption and
thermal movement. The computations of the Patterson sections P (x,y,2,) (24 = O,
2/60, 5/60, 10/60, 15/60) and the Fourier projection g(x,y) were made on the Higg-Laurent
machine 10,

DETERMINATION OF THE STRUCTURE

The dimensions of the bodycentered tetragonal cell were determined from
the powder photographs. The lengths of the axes are @ = 8.952 A and
¢ = 4.388 A (4- 1 %,). The Weissenberg photographs showed that Fiyy 7% Fuy
and as Fogq # 0 the only possible spacegroups were §2—I1, C;—I4 and

Cs,—I % An inspection of the Patterson section P(z,y,0) immediately

showed that the fourfold axis could not be a rotation axis. Thus, the space-
group was found to be 82—I4— in agreement with the supposition made by
Hagg 1. A further analysis of the Patterson function gave the approximate
Ni-positions, which corresponded to general positions 8(g). Successive Fourier-
projections g(z,y) refined the x and y parameters of the Ni-atoms and in addi-
tion gave those of the P atom, which was also found to occupy a general position
8(g). The conspicuous similarity between the layer lines 0 and 4 as well as the
layer lines 1 and 3 indicated that all the atoms must lie very near the planes
z=0,},% and }. This fact was confirmed by the Patterson function, where all
the maxima were found in the sections P(z,y,0) and P(z,y,}). ’

Fig. 1 shows the final Fourier projection from which the final coordinates
were obtained. The maximum corresponding to the P atom is very flat and
does not permit an accurate determination of the parameters of this atom.
In order to obtain these, different positions of the P atom were tried, until
the best agreement between observed and calculated intensities was obtained.

Acta Chem. Scand. 9 (1955) No. 1



CRYSTAL STRUCTURE OF Ni;P 139

The resulting parameters are

z Y z
Ni; in 8(9) 0.080 0.109 0.25
Ni; in 8(9) 0.363 0.030 0

Nip; n 8(g) 0.164 0.220 0.75
P 1 8(g) 0.290 0.042 . 0.50

Assuming these parameters to be correct all the maxima of the Patterson
funetion can be explained.

THE STRUCTURE

The structure may be considered as rather close-packed, resulting in high
coordination numbers. The environment of each atom is given in Table 1.

One of the Ni-atoms has 12 nickel neighbours (as in pure nickel) but the
other two have 10 neighbours. The intermetallic distances are on the average
8 9, longer than in the pure metal. The weakening of the metal-metal bonds in
comparison with pure nickel is compensated by the metal-phosphorus bonds
created here.

The phosphorus atom has 9 nickel neighbours at an average distance of
2.30 A. Half on the P atoms in Fe,P!! and the isomorphous Ni,P* have a
similar environment — even the spatial arrangement of the 9 metal neighbours
around the P atom is almost the same.

By the determination of the Fe;P-structures another type of transition
metal phosphide has been added to those recently discussed by Schénberg 2.
The way in which an increase of the non-metal concentration results in a
decrease of the metallic properties is illustrated by the sequence Fe,P, Fe,P
and FeP. The coordination numbers become lower. The P atom, for example,
has 9 close metal neighbours in Fe,P. In Fe,P half of the P-atoms have also 9
neighbours, while the other half have 6, as have the P atoms in FeP. The
structures become less densely packed. Assuming rpe = 1.26 A and 7p = 1.06 A,
the volume occupied by each atom in Fe;P is 6.35 73, in Fe,P 6.8 72 and in
FeP 7.25 7%, (The corresponding values are 6.16 3 for ¢-Fe and 5.66 72 for y-Fe.)
The shortest P—P distances, being 3.9 A, 3.6 A and 2.6 A, become smaller.

As was mentioned in the introduction several phosphides of the Fe,P-type
have been found among the transition metals (represented in the phosphide
systems of Ti, V, Cr, Mn, Fe, Ni and Mo). As the experimental difficulties make

Table 1. (Only distances << 34 have been given. )

Interatomic distances in A

Nir —12 Ni| 2.44; 2.52 (2); 2.56 (2); 2.72; 2.79 (5) 2.86
— 2P | 225 (2
Nim —10 Ni| 2.43; 2.50; 2.54; 2.71 (2); 2.83 (4); 2.86
— 4P| 229 (3 2.32
Nimr—10 Ni| 2.43; 2.52 (3); 2.71; 2.75 (4) 2.78
3P | 225 (2) 244
P — 9 Ni| 2.25 (4); 2.29 (3); 2.33 2.44
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the preparation of these compounds rather difficult, it is too early to say defini-
tely which factors determine the occurrence of the FeyP-type phosphide.
Evidently, it is only formed by the transition metals, belonging to the groups
IV—VIII of the periodic system, and most readily by the lightest of those —
the only exception between Ti and Ni being Co. In Co,P, the structure of which
has been determined by Nowotny 13, the P atoms have a very similar environ-
ment to that of the P atoms in Fe;P — according to Nowotny the average of
the 9 Co—P distances is 2.30 A. There is no Cu-compound of this type. Cu,P
has a different structure which has been determined by Steenberg 4, To what
extent the Fe,P-type phosphide is formed by the heavier transition elements
cannot yet be stated with certainty.

Another question is whether any other non-metal forms a similar phase
with the transition metals. The Mo—Si and W—Si systems have recently been
investigated at this institute and the phases usually described as “MogSi,”’
and "W,Si,” have been found to possess a bodycentered tetragonal structure
with @ = 9.617 A, ¢ = 4.899 A (”"Mo,Si,”) and a = 9.645 A, ¢ = 4.969 A
("W,Siy”’). The correct formulae are Mo;Si; and W,Siy with 4 formula units
in the elementary cell. Thus, the elementary cell of this structure resembles
very strikingly that of FegP. A structure determination of W;Si;, which has
recently been completed at this institute, shows, however, that this similarity
is not caused by any deeper analogies between the Fes;P and W;Si, structures.
(The space group of WSig is I—42m; 16 W are situated in 16 () with x = 0.277,
y = 0.074,z = 0.25,2 Win 2 (b), and 2 W in 2 (a), while the probable positions
of Si are 8 Si in 8 (¢) with z = 0.17, z = 0.75 and 4 Si in 4 (¢)).

Acknowledgements. The author wishes to thank professor G. Higg for his very kind
and encouraging interest and Mr. N. Schénberg for many valuable discussions.
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The Crystal Structures of the Isomeric Squalene
Hexahydrochlorides

HARALD SORUM and JOHANNES DALE

Forsvarets Forskningsinstitutt, Kjeller, Norway

The structures of two isomeric squalene hexahydrochlorides have
been investigated by the aid of X-ray methods, supported by the
study of the infrared absorption spectra. Detailed molecular structures
are proposed for both forms, and their relation to other long carbon
chain molecules such as B-guttapercha, rubber hydrochloride and
geranylamine hydrochloride is discussed. It is shown that the reason
for the isomerism lies in the steric orientation of chlorine atoms
and methyl groups at the four asymmetric carbon atoms, and the two
crystalline isomers have been identified as the two possible meso-
forms of the molecule. These structure determinations constitute an
independent proof of the accepted structure of the carbon skeleton of
the squalene molecule.

Both natural and synthetic squalene

(T ANANAAANANY)

upon saturation with hydrogen chloride yield a mixture of crystalline hexa-
hydrochlorides, which can be separated into two fractions, one of which
constitutes about 80 9, and melts at 108—110° C, while the other one
constitutes about 20 9%, and melts at 143—145° C (see for instance Karrer
and Helfenstein 1). Sometimes two low melting isomers have been reported
in the literature. We have found, by repeated crystallizations, that all
crystal crops with deviating melting points are mixtures of the higher melting
form and the lower melting form mentioned above (in this paper designated
by h.m. form and L.m. form, respectively).

Both isomers have the same composition (CyoHyeClg) and give very similar,
though not identical, X-ray diffraction patterns. Nevertheless, they are dis-
tinctly different as evidenced by their melting points, solubility properties,
specific gravities, X-ray data and infrared absorption spectra. No attempt to
clarify the reason for this isomerism has hitherto been made. It could scarcely
be connected with isomerism of the parent hydrocarbon for several reasons:

Acta Chem. Scand. 9 (1955) No. 1
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1) Regeneration of the hydrocarbon from both isomers gives indistinguishable
products; 2) Both these products, and also synthetic squalene made by dif-
ferent methods, give with hydrogen chloride the same mixture of hexahydro-
chlorides as obtained from squalene itself, although these hydrocarbons differ
from natural squalene with respect to double bond orientation around at least
some of the substituted carbon atoms (cf. Dauben et al.?).

It would appear that the only reasonable cause for this isomerism is to be
found in the steric orientation of the chlorine atoms and methyl groups at the
four asymmetric carbon atoms of the chain, making the fair assumption that
chlorine adds to the methylsubstituted carbons according to Markownikoff’s
rule. The only difficulty is that out of the 6 possible diastereoisomers only
two are obtained in crystalline form and in so widely different quantities.
Evidently, the addition mechanism must favour the formation of the lower
melting isomer. Thus, the structure determination of these crystal modifica-
tions is of interest from two points of view, ¢. e., the stereochemistry of poly-
meric carbon chains, and the mechanism of the addition of hydrogen chloride
to unsaturated hydrocarbons.

The present paper reports the results of X-ray investigations on the struc-
tures of the two isomers of squalene hexahydrochloride, supported by chemical
and optical observations.

UNIT CELLS AND SPACE GROUPS

Both isomers of squalene hexahydrochloride crystallize in thin transparent
plates with perfect cleavage parallel to the plane of the plates. Cleavage in
several directions perpendicular to these planes is also observed, giving the
small plates a pseudo-hexagonal cross-section. This is most pronounced for the
higher melting form, which also looks more homogeneous under the microscope
in polarized light than the lower melting one. Both isomers show sharp extinc-
tion in polarized light, from which the lack of optical activity may be inferred.
No difference can be detected in their X-ray powder photographs. The unit
cell dimensions and rules for systematic absences were determined from oscil-
lation and Weissenberg photographs obtained with CuKe-radiation.

For the h.m. form: a = 56.7, + 0.1 A; b = 10.23 4 0.02 A; ¢ = 5.99, +
0.01 A; y = 93.2° 4 0.2°.

V = 8468 A3, degy. = 1.205 g/em3, Z = 4 mol./u.c.

For the Lm. form: a = 56.7, +- 0.1 A; b = 10.40 4 0.02 A; ¢ = 5.98, 4
0.01 A; y = 92.0° 4 0.2°.

V = 3526 A3, dg. = 1.185 g/cm3, Z = 4 mol./u.c.

Thus, both isomers are monoclinic and pseudo-orthorhombiec, but only very
small differences are revealed in their cell dimensions. The small but signifi-
cant difference in specific density has been confirmed by determinations by
the floating method, which gave 1.204 and 1.18, for h.m. and 1.m. form, respect-
ively.

'i‘,he same systematic absences and pseudo-absences are found for both
forms:

100 for & odd; 0%0 for & odd; 00! for ! odd; k0l for A + I odd; ~k0 for k odd.
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Since the angle y deviates from 90° for both forms, only the third and the
fifth rule could be strictly valid, the other rules must be due to pseudo-sym-
metries, but it may be of interest to note that all these rules together would
indicate the orthorhombic space group Pnma (D3) (with the a-axis and the
b-axis interchanged). The systematic absences 00/ for I odd and AkO for &
odd indicate a screw axis parallel to [001] and a glide plane parallel to (001)

with translation b/2. This corresponds to, the space group P2,/b(C3).

POSSIBLE ISOMERIC STRUCTURES

Six possible diastereo-isomers of squalene hexahydrochloride, four D,r-
forms and two meso-forms, may be anticipated from the disposition of the
chlorine atoms and methyl groups. These six possible isomers may be visuali-
zed schematically in the following way: '

Cl Cl
DDDD . . )
1) :LLLL} (optically active) ool axis
: Cl
DDDL . .
2) {LLLD} (optically active) ool
DDLD . . Cl i Cl Cl
3) {LLDL} (optically active) o
1
4) DDLI (meso) c ol Cl il
G clicl a
DLLD . . i
5) {LDD L} (optically active)
6) DIDL (meso) a ¢ ol ¢l

To the left are given the sequences of the four asymmetric orientations, to
the right the resulting orientations in the crystal lattice. The horisontal line
represents the approximate ’plane” of the folded carbon zig-zag chain, which
will fit with the length of the unit cell axis (a) and which has been shown
by Bunn and Garner 3 to exist in the structure of rubber hydrochloride in
crystalline form. The chlorine atoms will then have to lie either above or below
this “plane”.

THE DETERMINATION OF THE STRUCTURES

The Weissenberg photographs of the equatorial layer lines around the principal axes
of the erystals show fairly sharp and well-defined reflexions, especially the 200-reflexions,
for whicl;l?l’s even orders until the 62nd are observed. Most of the hk0-reflexions are very
weak, and only very small differences are observed between the intensities for the h.m.
form and the l.m.form. The glide Flane of symmetry implies that the x-coordinates for
corresponding atoms of molecules, lying beside each other in the b-axis direction, are the
same. This means that a fairly good resolution of the electron density variation might be
expected in a Fourier projection on the crystallographic a-axis direction. Clear differences
in intensities might probably be expected first for the hkl-reflexions. These, however,
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Fig. 1. Projections of clectron density on [100] a ) for the higher melting form, b) for the
lower melting form of squalene hexahydrochloride. Atomic co-ordinates, as derived by the
method of least squares, are indicated.

would in an ordinary Weissenberg photograph with CuKa radiation be separated only
by about 0.5 mm, and it was in fact found that the reflexions on higher levels are smeared
‘out _into lines, making the determinaticn of intensities difficult and uncertain.

In this position it was found that the best way of attacking these structures would be
to obtain a maximum of informations from one-dimensional projections of electron den-
sities on [100]. The intensities of the k00-reflexions were estimated visually, using a
graduated intensity scale of reflexions with approximately the same size and form as
those to be determined. The veading of the intensities were repeated five times on dif-
ferent photographs, and corrected in the usual way, the absorption error being neglected
since the crystals used were very small (0.1—0.2 mm).

The successive determinations of the signs for the h00-reflexions, by means of a direct
method to be described elsewhere, led to the projections of electron densities on the long

_ axis for the h.m. form and the l.m. form as shown in Fig. 1. Differences in structure for
the two forms could hardly be deduced from these projections, because of the strong over-
lapping of the densities for the chlorine atoms and the nearest carbon atoms. The carbon
skeleton of the chain and the positions of the chlorine atoms and methyl groups were,
however, at once evident from these projections. In order to bring out some possible
differences between the structures of the two forms, and posgibly also a decision for one
or the other of the 6 isomeric structures discussed above, both series of z-coordinates
were subjected to repeated least squares refinements. This treatment brought out some
conspicuous differences in the projected bond lengths, especially for the C—C-bonds on
the central sides of the asymmetric carbon atoms. The final z-coordinates and the pro-
jections of the bond lengths along the carbon chain are set out in Table 1. The observed
and caleulated structure factors are listed for both forms in Table 2. The reliability index
is 0.126 for the h.m. form and 0.115 for the l.m. form.
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THE STRUCTURE OF THE SQUALENE HEXAHYDROCHLORIDES

In order to reconstruct the skeleton of the carbon chain from the know-
ledge of the projected C—C distances it was necessary to make the assumption
of 1.54 A for the C—C bond length. This value may, however, be considered
as very well established and there should be no reason to expect any remark-
able deviation from this value in the present case. Secondly, the assumption
of 114° for the angle between the bond directions at the chain carbons was
preliminarily introduced. In the course of the calculation this value can be
corrected, and it was found that the present data would suggest a value of
about 115° for the bond angles, with the exception of those at the tetrasubsti-
tuted carbons, for which values of 108—109° would fit better with the present
observations. The angle & between a C—C bond and the a-axis direction is
calculated for both forms and may be found in Table 1.

There might be some doubt as to the sequence of chain carbons and methyl
groups in the projection, for example, whether the fourth or the fifth carbon
should be ascribed to the methyl group. If, however, the fifth one were
assumed to be the methyl group, the fourth one being a chain carbon,
the projection of the C—C bond length of the chain would be 1.73 A for the
h.m. form and 1.93 for the l.m. form, whereas the same projected bond lengths
come out to be 1.52 A and 1.54 A, respectively, if the fourth carbon belongs to
the methyl group and the fifth to the chain. It seems justified to consider
these data as a decisive proof of the sequence —C*—Cl—CH;—CH,— in the
projection, and a similar argument indicates the same sequence at the second

Table 1. Atomic co-ordinates (©,) in degrees, projected bond-lengths on the a-axis in A,
and angle between bond and a-axis for the squalene hexahydrochloride isomers. The middle
point of a molecule has been chosen as origin. )

. i Projected bond- Angle (¢) between
Ai(;)(;m 6, in degrees c(;l;.lg(l,r:l length (Pz) in A | bond and a-axis
group 1y m. forml Lm. form | distance |3 - forml Lm. form | h.m. form! L.m. form
Cl, 38.7 38.6 Ci—-C, 1.19 1.16 39° 41°
al, 97.7 97.8 || C,—C, 0.82 0.79 58 59
Cl, 154.3 154.5 C,—C, 1.22 1.38 37 26
(CH,), 7.6 74 || C—C, 0.97 0.83 51 57
(CH,), 18.0 175 || C,—Cs 1.53 1.53 0 0
(C)s 33.5 356.1 C; —C, 0.98 0.77 50 60
(CH,), 45.8 46.6 || Co—GC, 1.05 1.24 47 36
(CH,)s 65.2 66.0 || C,—C, 1.10 1.05 44 47
(CH,)s 7.1 75.8 | Cy—C, 1.52 1.54 ~0 0
C), 91.1 91.6 Cy —Cyo 0.72 0.65 62 65
(CH,)s 105.0 | 105.0 | Ch—Coy 1.31 1.34 31 29
(CH,), 1243 | 1245 | Cp—Cu 0.90 1.12 54 43
(CHj,)10 133.4 132.8
1n 150.1 149.8
(CHy), 161.6 | 164.3
(CH), 43.3 41.4
(CH,), 102.2 | 102.7
(CHy)s 148.9 | 148.1
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tetrasubstituted carbon. Stereochemical considerations will also show that the
chlorine atoms and the methyl groups must be connected to the third, eighth
and fourteenth carbons of the projection, because the deviations from a planar
zig-zag carbon chain are found at these carbon atoms (see below). Furthermore,
it is seen that the chlorine atom connected to a tetrasubstituted carbon for
both forms, lies closer to the carbon in the projection, than does the methyl
group connected to the same carbon.

The structures which emerge from the data given in Table 1 may be descri-
bed as follows: The four carbons, constituting the central part of the molecule,
lie approximately in a plane, which makes an angle of about 40° with the chain
direction (a-axis), this angle being larger for the l.m. form than for the h.m.
form. From the two asymmetric carbons, towards the ends of the molecule,
there extend planar groups of four carbons, the planes of these groups being
parallel to the a-axis. The bonds from the asymmetric carbons, towards the
central side, linking the planar groups together, are tilted an angle (&) of about
30—40°away from the planes of these groups, these angles being appreciably
larger for the h.m. form than for the 1. m. form. (Strictly £ denotes the angle
between a C—C bond and the a-axis, but since the planes of the planar groups
in question are approximately parallel to the a-axis, ¢ will also approximately
indicate the tilting of these bonds with respect to the planar groups). This
difference in the tilting of the bonds, linking the planar 4 C-groups together,
is the only feature which clearly discriminates between the structures of the
two isomeric forms. The result is a more pronounced folding of the carbon
chain for the h.m. form than for the l.m. form.

. The folding of the chain at each tetrasubstituted carbon atom may be

necessary to provide place for the methyl group and chlorine atom, and from
molecular models it may also seem likely that the non-planar structure here is
mainly due to repulsion between CH,-groups of the chain.

Only two models can be derived such that they satisfy the requirements of
the present observations. First, the bond on the central side of both asym-
metric carbons are tilted in the same direction away from the planes of the
planar 4 C-groups, the chlorines Cl; and Cl, must be on the same side of the
chain in order to appear on the central side of the methyl group in the projec-
tion. Secondly, if these bonds are tilted in opposite direction, the chlorines
must, for the same reason, lie on opposite sides of the chain (the argument is,
in both cases, based on the assumption of an approximately tetrahedral arran-
gement of bonds from the asymmetric carbons).

The two structures, which result from these considerations, are indicated
in Fig. 2, and may be seen to correspond to models Nos. 4 and 6, 4. e., the two
meso-forms of the six possible diastereoisomers. The other models would cor-
respond to asymmetric molecules, which would give rise to odd orders of the
h00-reflexions, provided they would be strong enough to be observed. The
structure factors Fue are, however, very sensitive to an all over displace-
ment of the atoms. The absence of odd orders of 400, therefore, speaks clearly
in favour of the two symmetric forms Nos. 4 and 6 above, and consideration of
the packing of the molecules points in the same direction. The projection of
electron density on [100] can, of course, give no information about the orienta-
tion of the molecules around this axis. The packing of the molecules, as well
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a/ — a/s

Fig. 2. Molecular structure models for the two crystalline isomers of squalene hexahydro-

chloride, a) and b ) for the higher melting form, ¢ ) and d ) for the lower melting form. In a)

and ¢ ) the molecules are viewed along th; c-axis direction, in b) and d) along the b-axis
irection.

as comparison with the apparently closely related structure of rubber hydro-
chloride 3 would suggest that the main plane of the molecule is approximately
parallel to the (001)-plane, which implies that the C—Cl-bonds and the C—CHj- .
bonds are mainly pointing in the direction of the c-axis of the crystal.

As to the orientation of the arrangement around the end tetrasubstituted
carbons, this could hardly be deduced with certainty from the obtained pro-
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Table 2. Observed and calculated structure factors for the higher melting jorm and the
lower melting form of squalene hexahydrochloride.

700 * Hom. form L.m. form
Fobs. ’ Falc. Fobs. Feale.
100 — —8 — -9
200 24 —25 24 —24
300 - 3 9 4
400 44 —44 46 —44
500 45 —53 49 — b5
600 181 —180 163 —166
700 121 139 126 132
800 14 13 15 15
900 54 49 54 47
1000 18 27 26 36
1100 80 71 92 76
1200 32 —14 36 —29
1300 1687 —158 168 —164
1400 27 25 16 14
15600 31 —37 33 —32
1600 28 —13 35 —24
1700 22 17 13 13
1800 45 45 44 41
1900 65 56 55 65
2000 40 —46 15 20
2100 14 16 15 17
2200 16 —12 15 —12
2300 12 —12 22 —25
2400 14 —17 28 —30
2500 52 —43 51 —43
2600 15 18 26 23
2700 —_ . —11 — —17
2800 — 7 22 29
2900 - 4 — 11
3000 — 9 — 3
3100 35 —42 32 —42

* Strietly, these indices should be doubled.

jections, especially because the arrangement apparently deviates considerably
from a regular one. The obtained projections indicate, however, that the end
groups could not possibly have a similar orientation as the groups around the
other tetrasubstituted carbons, but more likely be turned about 90° away from
these orientations; 1. e., about 90° around the single C—C bond on the central
side of the end tetrasubstituted carbon (see Fig. 2). The direction of the tilt-
ing of this bond cannot be derived unequivocally from the one-dimensional
" projection, but considering the all over directions of these very long chain
molecules, the directions indicated in Fig. 2 may reasonably be assumed as
the most likely ones.

The question now remains as to which of these structures should be ascribed
. to the h.m. form and which to the L.m. form. It may then be seen from Fig. 2
that structure model No. 6 has the bonds, connecting the planar 4 C-groups,
tilted in the same direction, which implies that the molecule will lie somewhat
inclined to the a-axis in the crystal. This inclination of the molecules is likely
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Fig. 3. Infrared absorption spectra from 2—15 u (NaCl-prism) and from 15—25 u

(KBr-prism) of a) hom. and b) l.m. squalene hexahydrochloride as pressed K Br-disks

and of ¢ ) commercial rubber hydrochloride film containing 29 %, Cl, or 85 9%, of the theoretical
value.

12 16 20 2% u

to reduce the tightness of packing and put a restriction on the deviation from
a planar structure. Considering the values of the angle & in Table 1 for the
bonds C,—C, and C¢—C,;, which are 26° and 36° for the . m. form, against 37°
and 47° for the h.m. form, it may be reasonable to suggest that the 1. m. form
has a structure, eorresponding to model No. 6, indicated in Fig. 2 ¢ and d.
In structure model No. 4, (Fig. 2) the bonds between planar 4 C-groups are
tilted in alternating directions, leaving the main direction of the molecule
parallel to the crystallographic a-axis. Thus, no strong restriction on the in-
olination of these bonds is present for this case, and it is likely that the h.m.
form has the molecular structure indicated in Fig. 2 a and b. The study of the
infrared absorption spectra seems to support this point of view (See next
section).

INFRARED ABSORPTION SPECTRA

The infrared absorption spectra of the two squalene hexahydrochlorides are shown in
Fig. 3. They were recorded in a Perkin-Elmer double beam instrument, Model 21, as
pressed potassium bromide disks. As might be expected the two spectra are rather simi-
lar. The most conspicuous differences are the bands at 9.05 u, 12.6 u, 18.35 u and 22.5 u,
present in the h.m. form but absent in the 1.m. form, and the bands at 12.4 4 and around
16 x (15.7 and 16.1 u) present in the l.m. form but absent in the h.m. form. That these
differences are mainly due to differences in crystal structures, is shown by the fact that
solutions and undercooled melts give practically identical spectra; thus, the h.m. form
most strikingly loses its bands at 18.35 and 22.56 u and develops a band at around 16 u.
The non-crystallizing mother liquor also gives roughly the same spectrum.

It may be noted that the broad band at 17— 18 u, which is due to the C—Cl stretchi
vibration and agrees very well with the value 570 cm-! found for tert-butylchloride an:
tert-amylchloride 4 %, and the band (or band group) at 8.5—9 u, which are the two most
prominent bands in both spectra, show more detail in the h.m. form than in the 1.m. form.
Incidentally, the frequency of the band group at 8.56—9 u is just twice that of the C—Cl
stretching frequency. No overtone is involved, however, since the same strong band is
present also in the spectra of the squalene hexahydrobromides.
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For comparison the sgeotru.m of a commercial sample of rubber hydrochloride has
been recorded (as film) and included in Fig. 3. It is evident that it resembles the 1.m. form
much more than the h.m. form, although, of course, many details occurring in the squalene
hexahydrochloride spectra are lacking in that of rubber hydrochloride. This is taken as a
confirmation of the result of the structure determination, indicating that the general
shape of the 1.m. form, <. e. with the chlorines of each half on the same side, is more similar
to rubber hydrochloride than is the h.m. form, where the chlorines are alternately on
opposite sides and to a greater extent are surrounded by chlorine atoms of neighbourin,

molecules. The molecules of the h.m. form so to say fit into each other like cog-whee!

teeth, and one would expect greater van der Waals forces between molecules, as actually
evidenced by tighter packing, higher melting point, lower solubility and thinner plates of

the crystals.
DISCUSSION

The present structure determinations of the isomers of squalene hexa-
hydrochloride have been worked out on the basis of a relatively limited amount
of experimental data. A two-dimensional projection of electron density on, for
example, (001) would possibly i’ve more definite informations, provided that
all signs of the numerous weak reflections were obtained with certainty, a
task which would involve a vast amount of calculation, and even considerably
more if a three-dimensional synthesis were intended. It is reasonable to believe
that the intensities of the h00 reflexions are fairly accurate, and the method
used in deriving the projection of electron density on [100] involved no assump-
tions as to the structure in beforehand. The present structure determination,
therefore, constitutes a direct and completely independent proof of the accep-
ted structure of the carbon skeleton of the squalene molecule. As to the type
and location of the double bonds it can only be said from this work that they
have to involve the substituted carbon atoms.

The characteristic feature of planar segments of four carbon atoms in the
chain connected by C—C bonds at angles of 30—40° is reminiscent of the
structures proposed for rubber and p-guttapercha (cf. Bunn® and Jeffrey 7)
and established in geranylamine hydrochloride by Jeffrey 8. In these cases the
planar isoprene groups are necessitated by the double bond in the middle of
each group, whereas the planar groups in the squalene hexahydrochlorides are
displaced two carbons along the saturated chain. Molecular models show
clearly that the reason for these tilted bonds between planar 4 C-groups is the
same in all cases; viz. a consequence of steric repulsions between CH,, CHg
and CH groups in the former case, and chiefly between CH, groups in the latter
case. The same structural features are, therefore, to be expected in rubber
hydrochloride, in particular since the structure proposed by Bunn and Garner
demands unusually large distortions of the tetrahedral arrangement around the
substituted carbons (cf. the criticism advanced by Jeffrey 7).
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On Ion Exchange Equilibria
IIT *. An Investigation of Some Empirical Eqﬁations

ERIK HOGFELDT

Department of Inorganic Chemistry, Royal Institute of Technology, Stockholm, Sweden

Empirical equations by the following authors for representing ion
exchange equilibria are discussed: Kroeker, Vageler, Weisz, Boedeker,
"Freundlich”, Wiegner-Jenny, van Dranen and Rothmund-Kornfeld
{cf. Table 1). Also an empirical equation recently given by Yamabe
and Sato is discussed in'a note. Discussion is limited to exchange
between monovalent ions except when discussing the Rothmund-Korn-
feld equation. It is shown that the linear plots used for determining
the constants in the empirical equations are too insensitive to be used
for testing the applicability of the equation under consideration. A
more sensitive plot is obtained if the constants in the empirical equa-
tion are used for calculating the equilibrium quotient curve » (B).
There are three different kinds of equilibrium quotient curves recorded
in literature: falling, rising and curves with maximum or minimum
(cf. Fig. 1). No empirical equation except the one of ’Freundlich”
is capable of representing all of these types. The most useful equation
seems to be that of Rothmund and Kornfeld which can be extended in
a very simple manner to all three types of equilibrium quotient curves.
In connection with this equation some different methods for finding
an approximate value of the thermodynamic equilibrium constant are
discussed, and it is shown that k'/f (where k and p are the empirical
constants in the Rothmund-Kornfeld equation) and xg 5g.¢s)
may be useful first approximations to the thermodynamiec equilibrium
constant.

In the earlier work on ion exchange a number of empirical equations were
used for representing equilibrium data. Later various forms of the law of
mass action were used and, at present, it is very common to represent ion
exchange equilibrium data by plotting the equilibrium quotient (see eq. (2)
below) against some function of the ionic concentrations. Such plots show that,
in most cases, the equilibrium quotient varies. For cases where the variation
is large it has been suggested! that other expressions e.g. some empirical
equation, may be more useful. The present paper deals with the possibility
of representing variations in the equilibrium quotient by empirical equations.

* For parts I and II see Refs. 7 and 18.
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Discussion is limited to cation exchange equilibria and, for the sake of
simplicity, to exchange between monovalent ions. Only when discussing the
Rothmund-Kornfeld equation will exchange between multivalent ions be
considered.

For the ion exchange reaction:

B* + AR = At + BR 1)

where A* and B* are the two exchanging cations and R the anion framework
of the exchanger an equilibrium quotient can be defined as follows:

Aty . [BR
%A = EB""; : ————:::AR;I (2)
where {} denotes activity and [] concentration.
The following mole fractions are used:
« = [B+] _ [B*] Cp— [BR] _ [BR] 3)
[AT] + [BY] a !-.s [AR]+[BR] g

where a, is the total ionic concentration of the solution (which is here equal
to the ionic strength) and s, is the saturation capacity of the exchanger. From
(2) and (3) the following expression for xpa is obtained:

_ fa(l—a)B
%p,a = Foa(1—B) (4a)
where f, and fg are the activity factors of A* and B* in the liquid phase. In
dilute solutions f, = f; and :

B
ST ()

(4b)

CHOICE OF GRAPHICAL REPRESENTATION

FIt has proved convenient to plot x against 8, and the three different types
of %(fB)-curves reported in the literature are given in Fig. 1. In the following,
dx
dp
with a maximum or minimum as type III. Hitherto type I has been most
usual but examples of the other two types can be found in papers by Argersinger
et al.23, Bonner and Rhett 4 Duncan and Lister %8, Hogfeldt et al.? and
Marinsky 8.

The empirical equations used give a simple relation either between the
amount of a certain ion- added and the amount sorbed by the exchanger at
equilibrium, or between the equilibrium concentration in solution and the
amount sorbed by the exchanger. In the latter case the empirical equation
gives a relation of the type:

e = ¢(f) (5)

curves with < 0 are referred to as type I, with e >0 as type IL and curves
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Fig. 1. -The three different types of »(f)-
curves. Fig. la represents a falling curve,
Fig. 1b a rising curve and Figs. Ic and 1d ~
are examples of curves with a minimum or

maximum. 0 p— 1]0 f— 1

where ¢(8) is a function of f, which inserted in (4b) gives a function »(8) which
can be studied and compared with curves obtained experimentally. In the
first case a relation between ¢, and the total amount of the ion under consider-
ation is required. Such a relation is given by the conservation of mass and
takes the following form if the exchanger saturated with A* is equilibrated
with V litres of solution of B* of initial concentration ¢,, and A* of initial
concentration a,—c,:

Bsy + Vaa, = Ve, (6)
From (6) and the empirical equation:
Ve, = 9(B) (7)

where p(B) is a function of 8, an expression for »(8) can be obtained.

In order to be able to use (6) one must make experiments under such
conditions that V, a, and s, are held constant.

The type of curve obtained if x,,, = »5.a is plotted against (1—8) instead of
%3, against f may now be considered. The three typesofx(8)-curvesare character-
ized by the sign of % For dx

dx
<0 we have type I, for —- >0 type 1I
dg yp ap yp

dx
and for ?173—20 type III.

1

The sign of i is known and the sign of A0—F) is required:

de?  —d(lfx) 1 dx
di—g) 48 ~ £ df

Thus de has the same sign as

doct
di—p) - If %(B) belongs to type I or II,
#~}(1—p) belongs to the same type. If, however, x(f) belongs to type Illa,
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%71(1—p) belongs to type IIIb and vice versa. This depends upon the reversal
in orientation to the two axes. The corresponding x1(1-—§)-curves can be
visualised by turning the x(8)-curves in Fig. 1 upside down.

It is of course an arbitrary matter which kind of curve one chooses to plot.
One conveniently takes B+ as the most strongly sorbed ion. The equilibrium
quotient then becomes larger than unity and the x(8)-curve gives the variation
of selectivity with concentration for that ion over the other. For curves with a
maximum or minimum the distinction between types IIla and IIIb is only a
consequence of this convention as one could equally well plot the reciprocal
ft;‘nction and transform IIla to IIIb, or vice versa, and only make use of one
of them.

RESULTS

Expressions for x(f) have been calculated as outlined above from the empiri-
cal equations given by the following authors: Boedeker®, van Dranen 19,
”Freundlich” 11, Kroeker 2, Rothmund-Kornfeld 13-14, Vageler 15, Weisz 16
and Wiegner-Jenny 7.

In Table 1 the different empirical equations and the corresponding x(8)-
functions are summarized. From this table it can be seen that the equations
of Kroeker and van Dranen contain only one constant whereas all others
contain two constants which may be determined from the linear plots indicated
in the fourth column. For the equations of Kroeker, Vageler, Boedeker and
Wiegner-Jenny one must keep a,, V and s, constant in order to be able to use (6)
for caloulating x(8). The numbers I—III in the last column but one refer to
the different types of x(8)-curves given in Fig. 1. From the last column but
one of Table 1 it can be seen that no empirical equation but the one of *’Freund-
lich” is capable of representing all types of x(8)-curves found in the literature.
These results suggest the possibility of arranging the empirical equations
according to the type of »(f)-curve which may be derived from them,

The applicability of the different empirical equations for representing
experimental data has been tested by using the data of Hogfeldt et al.? for the
Agt—H* exchange on Wofatit KS and Dowex 50, for which the x(8)-curves
belong to types I and III respectively. These measurements were made at so
low an jonic strength that the variation in the activity of water could be neg-

lected 18 at least to a first approximation. Also the condition fg+ - fags =1
is approximately valid® and (4b) has been used for calculating x.

+
The Kroeker equation: This equation was tested by calculating log [ﬁ; :‘]’t —
log VI:Z = ¢, using the data in Tables 7a and 8a in Ref. 7. Some corre-
0

sponding values of § and g, are given in Table 2. f is the mole fraction of silver
in the resin. If the Kroeker equation were valid ¢, should be constant but it is
apparent that ¢, decreases with increasing mole fraction. This decrease is
systematic and so large that it cannot be due to experimental error, but must
be taken as an indication of the inapplicability of the Kroeker equation to the
data under consideration. That the Kroeker equation cannot be strictly
applicable to either of the two systems is evident from the fact that it must give
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Table 2. Determination of q, in the Kroeker equation.

Wofatit KS Dowex 50
[AgR] [AgR]

B = P q3 8= P 91
0.002429 0.79 0.002186 0.81
0.01143 0.69 0.01053 0.72
0.05699 0.62 0.05945 0.64
0.1056 0.41 0.1170 0.60
0.2075 0.33 0.1905 0.58
0.3211 0.28 0.2763 0.57
0.4033 0.23 0.3643 0.563
0.5102 0.24 0.4402 0.562
0.6193 0.16 0.5153 0.47
0.7088 0.13 0.6601 0.40
0.7931 0.12 0.8252 0.33
0.9153 0.08 0.9038 0.25

#(B)-curves belonging to type II for g,-values less than 1, whereas the two
systems studied belong to types I and IIIL

Wiegner 1° has tested the Kroeker equation on the ammonium-calcium-
permutit system and also obtained decreasing g¢,-values with increasing
ammonium concentration in the exchanger.

The Vageler equation: The test of this equation was performed as follows.
As indicated in Table 1 a plot of 1/8 s, = 1/[AgR] against 1/V¢, = 1/[Ag* Jiot
would be a straight line if the Vageler equation were applicable. Quite good
straight lines were obtained for the two sets of measurements, but the data for
Wofatit KS showed a greater spread than those for Dowex 50. The best straight
lines were drawn through the experimental points, and the constants S and &
were determined. Experimental conditions were such that a, = 100.0 mC,
V = 0.100 litre and s, = 1.75 for Wofatit KS and s, = 3.83 for Dowex 50.
The s,-values are average values taken from Tables 7a and 8a in Ref. 7.
Using these values for a,, V and s, and the values of S and % from the linear
plots, the constants ¢,, ¢, and ¢, (see Table 1) and the function »(f) were calcu-
lated. In Figs. 2 and 3 the full curves give »(f) calculated from the Vageler
equation. From these figures it is apparent that the Vageler equation is
applicable to a rather large concentration range. Agreement seems to be better
for Wofatit KS despite the larger spread in the linear plot. According to
Vageler 15, § in his equation should be equal to the saturation capacity s,.
From the linear plots S was found to be 2.0 for Wofatit KS and 10.1 for Dowex
50. These figures are not in agreement with the values of s, determined experi-
mentally, especially for Dowex 50. An analogous result was obtained by
Weisz 1¢ for zeolites.

The W eisz equation: The constants S and % (see Table 1) were determined
from the plot of 1/8 against 1/a. This plot yielded a good straight line for
Dowex 50, but for Wofatit KS the deviations were greater. From Table 1 it is.
seen that for £ - 1> 8 the »(8)-curve belongs to type I and for & + 1 <8 it
belongs to type II. These two conditions were fulfilled for the data on Wofatit
KS and Dowex 50 respectively. From Table 1 it is seen that for § = 8/(1 4 k)
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xAg.H
5 '7 ‘\‘ Wofatit KS
L “ — Vageler
\ \‘ ~—-van Dranen
% \ —-— Rothmund — Kornfeld

10

0
0 f— !

Fig. 2. Comparison. between experimental and approximate x(f)-curves using the data
on Wofatit KS.
(@) Experimental points
%»(B) calculated from the Vageler equation.

—_——— » » » wvan Dranen »
----- » » » » Rothmund-Kornfeld equation.

#(B) = 0. This means that the curve has physical meaning only in the range
0<B<8/(1 + k). For Wofatit KS this value of f is ~ 0.47, a value for
which %(8) = 0 differs so largely from that for § = 0.47 in Fig. 2 that the Weisz
equation does not appear to be applicable in this case. Although the data on .
Dowex 50 give a %(3)-curve of type III it seems worth-while to test the Weisz
equation on the rising part of the curve. In Fig. 3, %(f) is given for Dowex 50
and there is good agreement with the Weisz equation within the interval
0.2 < f<0.8. For lower and larger $-values the deviations are large. The
oceurrence of deviations for small g-values follows from the existence of the
minimum in the x(8)-curve which cannot be accounted for by the Weisz
equation.

Weisz introduced the equation discussed above in his study of various
empirical equations®. When comparing it with the Vageler equation, he
found the latter to give a better numerical agreement. This may perhaps be
due to the fact that the Vageler equation is capable of describing curves of
both types I and III, while the Weisz equation can only describe part of a
curve of type I and curves of type II and should thus have less applicability.

The equation introduced by Weisz can be considered to be a special case of
the one used by Wolff 20; S-a

Bso—ky = e (8)
where k, is a third empirical constant.
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xAg,H -

~— Vageler
5t == Weisz
~ == Rothmund - Kormfeld

0 4 L 1 4 1 i n i i

0 fl — 1
Fig. 3. Comparison between experimental and approximate x(f)-curves using the data

on Dowex 50.
(o] Experimental points.
#(B) calculated from the Vageler equation.
» » » » Weisz »
————— » » » » Rothmund-Kornfeld eguation.

‘W hen using the Rothmund-Kornfeld equation the two parts of the x(B)-curve have been appro-
ximated with two different equations, one for the falling and the other for the rising part.

The existence of the constant k, means that the equilibrium quotient tends
towards infinity as f—»ky/s,. For a number of cases x(8) increases largely with
decreasing 8, but in the cases studied right down to the tracer level 21,22 finite
and constant limiting values of » have been obtained. These results imply
that ky must be very small and the Wolff equation becomes practically equal
to the Weisz equation. For such cases the Weisz equation must be preferred
even if a better numerical agreement can be obtained from the Wolff equation
over a limited concentration range since it contains three empirical constants.

The Boedeker equation: The constants k and p (see Table 1) were first
determined from the plot of log fs, against log [Ag*}ot for the two systems.
Quite good straight lines were obtained except for the highest values of g,
where the experimental points tend towards the log [Ag*}ot-axis. Agreement
was better for the data on Dowex 50 than on Wofatit KS, and this can be
understood from the fact that the Boedeker equation is applicable to x(8)-
curves of types II and III only. For this reason the x(8)-curve was calculated
for Dowex 50 but not for Wofatit KS. The graphical method for finding the
constants proved to be too insensitive as it gave a x(8)-curve far from the one
obtained experimentally. For that reason the method of averages 2 was used
for the calculation of £ and p. In Fig. 4 the corresponding x(8)-curve is plotted.

As is seen from this figure agreement is quite good for values of .S 0.4. For
Acta Chem. Scand. 9 (1955) No. 1
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Xag.H

——— Boedeker
5r - == “Freundlich”
—-=— Wiegner —Jenny

0 1 L 1 L i L L 1 I\
0 f— o
Fig. 4. Comparison between experimental and approximate x (B )-curves using the data
on Dowex 50.
(o) Ezxperimental points.
%#(B) calculated from the Boedeker equation.
———— » » » » " Freundlich” equation.
————— » » » »  Wiegner-Jenny equation.

higher values of § the curve tends rapidly towards infinity and deviations from
the experimental curve are large. This might be ascribed to the fact that
the Boedeker equation (as well as the “Freundlich” and Wiegner-Jenny
equations discussed below) is of an exponential type and does not indicate
the existence of an upper limit for the amount to be exchanged. *

The > Freundlich” equation: The constants k£ and p (see Table 1) were
determined from the plot of log 8 against log « for Dowex 50. The %(8)-curve
has been plotted in Fig. 4. The close agreement with the x(3)-curve obtained
from the Boedeker equation is to be noted and the same arguments are applic-
able to them both. When testing the equation with the data on Wofatit KS %
proved to be > 1 and for k£ > 1 the “Freundlich” equation is inapplicable to
a %(f)-curve of type I and the x(8)-curve was not calculated.

Freundlich’s name is given within quotation marks, because van Bemmelen * (as
is pointed out by McBain *) was the originator of the equation, although it has
become associated with Freundlich’s name.

The Wiegner-Jenny equation: This is a modification of the Freundlich”
equation put forward in order to indicate that the ion exchange equilibrium is
independent of dilution for exchange between ions of equal valence. The
quantities p and ¢, (¢; constant under the experimental conditions) were
determined from the plot of log « against log f. That this plot should give a
straight line is seen by the following argument:
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The Wiegner-Jenny -equation:

Vaa, )"
o=k (ch—Vaao
and the requirement of conservation of mass (6) give:
1/p+1 801/’“
@= @b W= "TFa i (9)

From (9) it is seen that for the case of constant V and a, the Wiegner-Jenny
equation becomes a special case of the ”Freundlich’ equation. It is also seen
that by plotting log « against log f§ a straight line should be obtained giving
the valuesof 1/p + 1and ¢;. #(B) calculated from the Wiegner-Jenny equation,
is plotted in Fig. 4 for the Ag*—H™ exchange on Dowex 50. The measurements
on Wofatit KS were not used for the same reasons as for the Boedeker and
”Freundlich” equations. The x(8)-curves in Fig. 4 from the "’Freundlich” and
Wiegner-Jenny equations should have coincided. The observed differences are
due to small differences in the constants (~ 1 9,) depending upon the limited.
accuracy in their determination from the linear plot and shows the sensitivity
of the x(f)-curve to variations in the'constants.

The van Dranen equation: Recently van Dranen 0 has proposed the equa-
tion given in Table 1 containing only one parameter and having an upper limit
equal to the saturation capacity. The equation was tested by calculating

k= (sec—;z— p—1)/a for the two sets of measurements. No constant values

were obtained as is shown in Table 3, where some of the results for Wofatit KS
are given. The variation in k is large and the results show that this equation is
not applicable to the data under consideration. An analogous result was
obtained for Dowex 50, but this can be understood from the inapplicability of
the van Dranen equation to a x(f)-curve of type IIL.

The. form of a x(8)-curve calculated from the van Dranen equation, has
beei_l‘ obtained by using the value k£ = 2.74 and the resulting curve is given
in Fig. 2.

Table 3. Determination of k = (sec 12'- B—1)/a in the van Dranen equation using the data

on Wofatit KS.
AgR n AgR a
B = [—f—] (soc 5 p—Dia B = L;g-] (sec 5 f—1)/a
0.002429 0 0.2075 1.74
0.006871 0.323 0.2515 1.78
0.009246 0.254 0.3211 2.31
0.01336 . 0.208 0.4033 2.36
0.01946 0.362 0.5102 3.23
0.02810 0.537 0.6193 318
0.04129 0.740 0.6858 3.56
0.05699 0.817 0.7088 3.73
0.07582 1.02 0.7931 4.60
0.1056 1.1 0.8825 6.58
0.1419 1.51 0.9153 7.81
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The Rothmund-Kornfeld equation: Monovalent tions. In Fig. 2 the curve
denoted by —-—-—- gives x(B) obtained by applying the Rothmund-Kornfeld
equation (for brevity called the R—K equation in the following) to the data

on Wofatit KS. k& and p were determined from the plot of log —5
log T—E——a which yielded a good straight line. Agreement is seen to be good over

against

the whole concentration range. That the R—K equation (types I or II) is
not applicable to the data on Dowex 50 (type III) can be seen as a small
non-linearity of the insensitive double-logarithmic plot. The R—K equation
can, however, be applied to curves of type IIL by proceeding as follows. The
rising part of the curve is approximated by a R—K equation with p > 1 and
the falling part by a R—K equation with p < 1. The four parameters k,, p,
and k,, p, can all be determined from the double-logarithmic plot because, in
the case of a curve of type III, the double-logarithmic plot can be approximated
by two straight lines intersecting at the point corresponding to the minimum
or maximum,

In Fig. 3 the curve denoted by —-—- gives #(8) obtained using two different
R—K equations intersecting at § = 0.12. Agreement is seen to be quite good.

Multrvalent tons: The R—K equation seems to be the most useful one,
as it can be applied to all three types of x(8)-curves and gives good numerical
agreement for the two experimental studies considered here. For that reason,
the discussion concerning multivalent ions will be limited to this equation.
When considering multivalent ions, two approaches are possible as discussed
in a previous paper !8: choice’ (E) (’’equivalents’’) and “’choice’ (M) ("’moles’’).

Choice (E) gives the following ion exchange reaction:

22B®Y 4 275 (A1a)R 2 2,A™T 4 2,25(Busg)R (10)
The equilibrium quotient x5, for reaction (10) is defined by:

{anry® < [(Busg)R] >""” {amy <lﬂ ﬁ)‘” (11)

AT (B (A )R] T (B
if the concentrations in the exchanger are expressed by the equivalent fractions:
ﬂ — [(Bl,'B)R] a,nd l—ﬁ — [(AI/'A)R] (12)

o %o
The R—K equation then takes the following form:

By, )R] \'A™B BBHVA\?

<—B——————ll 3R] > =k <{ it :B> (13)
[(As, )R] (a™%)

where k and p are empirical constants.
From (11) and (13) the following expression for x(8) can be deduced:

—_B) \fars(/p—1)
K p = KUIP ((IT]Q)>A 3 (14
xy,a belongs to type I if p<1
» » » » IIy» p>1

Acta Chem. Scand. 9 (1955) No. 1



162 ERIK HOGFELDT
Choice (M) gives the following ion exchange reaction:
2B®" + 2,AR, @ z,A™" + 4,BR, (15)
and the equilibrium quotient for reaction (15) is defined by:
{Aa*}s [BR, T

Ap,a = {BsB+ P [AR,A]'B (16)
The R—K equation now gives:
BR, Ta [R*BH s, \p
Dok (21) an
[AR,J=  \{A%7)
From (16) and (17):
(1—X)Bp~1)
Ap,a =K' XB‘i(llP—l) (18)
where the mole fractions X, and (1—X;) are defined by:
BR
X, [BR,,] and 1—X, [AR,] (19)

~ [AR,] + [BR,]

From (18) it is seen:

For p < 1 A;,, belongs to type I
» p> 1125, » » II

~ [AR, ]+ [BR_]

For these two cases too, curves of type III can be approximated using the
extension discussed for monovalent ions.

The thermodynamic equilibrium constant: The R—K equation can also
be used for obtaining an approximate value for the thermodynamic equilibrium
constant for the ion exchange process. This quantity is of value when dis-
cussing ion exchange affinities.

Argersinger et al.28,27 ag well as Hogfeldt et al.18,28-30 have shown that
the thermodynamic equilibrium constant (K, ,) can be obtained by graphical
integration of the log xy ,(B)-curve. For the calculation of Ky , the following
expression can be used:

1
InKy,, = [ Inxg,s(8)d8 (20)
0

When taking the variation in the activity of water into consideration & more complex
expression may be obtained 231,

Inserting the expression for x5, from the R—K equation in (20) and
integrating the following expression for K, is obtained:
Ky = kP (21)

This quantity, k'/?, can be obtained directly from the double-logarithmic
plot, where the intercept on the abscissa gives —log £Y?. For multivalent
ions only choice (E) gives the same result as that given by (21).
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Equation (20) can also be applied to the other empirical equations discussed in this
paper, but the R—K equation gives the simplest and most straight-forward method for
getting an approximate value for Ky ,.

In connection with equation (21) it may be noted that it has been proposed 32
that the x-value for § = 0.5 is a good measure for the relative affinity of the
ions for the exchanger. For a system, which can be approximated by the
R—K equation, it is found from equation (21) that:

%g,A(f=05) = KB,A (22)

For systems with a maximum or minimum in the x(8)-plot, the following
approximate expression obtained from (20) and the R—K equation may be
useful:

log Ky, = fm log kM7 + (1—By,) log Kl (23)

where §,, is the f-value for the maximum or minimum and k,, p, and k,, p,
are the parameters for the two parts of the x(8)-curve.

In order to test the usefulness of the different approximate expressions
for Ky, s, Kagu was calculated for the two studies of the Ag*—H™* exchange
on Wofatit KS and Dowex 50 and compared with %ag =05, and Ka,u-values
obtained by graphical integration 8. The results are given in Table 4.

Table 4. A comparison between approximate and integrated Kagm-values.

K,

. g,H K
e I I I B e A v T e
=9 or (23)

Wofatits KS

3.5
Dowex 50 5.0 9.42

— — — 5.4 5.50 5.16 ‘
0.89 | 11.2 | 1.04 | 0.14 9.6 '

From Table 4 it is seen that, for the two cases studied, the approximation
from the R—K equation gives results in agreement with the integration within
4+ 10 9, — an accuracy which may often be sufficient. It is also seen that the
simpler method using x#gag-0s5 is also of sufficient accuracy and for a first
approximation it may be useful in a large number of cases.

Recently the authors attention has been called to a paper by Yamabe and Sato 32
which describes the use of an empirical equation which in our notation becomes:

1—
log % = p log 51_5; + log & (24)

1—
((l __5)) should be a
straight line. In their test of the equation to exchange between mono- and divalent ions

3,
the authors claim that better agreement was obtained by plotting log Ifao _against

1—
log -;Z—((—I—E()!—). In testing this equation with the data of Hégfeldt et al.” V, a, and s,
o1 — .

where p and k are empirical constants. A plot of log -‘ﬂ; against log
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are practically constant so that the test can equally well be performed on (24) as on the
alternative. In order to calculate %(8) from (24) it is convenient to express f(x) as:

w(HB—1) 2P —1))
p= s (25)
M- 1)

From (25) it can be deduced that:

p>1 p>1) p<1 p<l
31 type 1 r=1 type 1I k>1} type I k<1 type I

and thus (24) can be used on x(B)-curves of types I and II.

The equation was tested with the data on Wofatit KS but no straight line was ob-
tained. It did not seem worth-while calculating »(8) as the insensitive double-logarithmic
plot showed large deviations from linearity. As Yamabe 3 has obtained good agreement
with experimental data for higher concentrations than 0.1 C the present results suggest
that his equation may be less useful at lower concentrations.

It is a pleasure to acknowledge the valuable aid of Professor Hidetake Kakihana
with the translation and discussion of the Japanese paper.

DISCUSSION

From Figs. 2—4 it is seen that it always seems possible to find an empirical
equation applicable to a limited concentration range, whereas it may be hard
to find one applicable to the whole concentration range. An indispensible
condition is that the empirical equation can give a x(f)-curve of the same type,
I—III, (see Fig. 1 and Table 1) as the experimental one.

The linear plots (which are often logarithmic) used to determine the
constants in the empirical equations seem to be too insensitive to test agreement
between the empirical equation and the experimental data. They may, how-
ever, be used for smoothing out experimental data.

For the two sets of measurements on which the empirical equations have
been tested the best agreement is found with the R—K equation. Although
the R—K equation is only applicable to x(f)-curves of types I and II it is
relatively easy to extend its usefulness to all types. None of the other equations
seems to offer this extension in such a simple manner. However, from a test
on only two experimental »(B8)-curves, no general deductions can be made
about its accuracy in other cases.

The present conclusion, that the R—K equation is the most useful one,
is in contradiction with the results of Weisz 1%, who found that the Vageler
equation gave better numerical agreement with experimental data on zeolites
than the equations of “Freundlich’’, Rothmund-Kornfeld, Wiegner-Jenny
and himself. Weisz tested the empirical equations on several systems containing
both monovalent and multivalent ions, but the concentration ranges were not
a8 broad as in the present investigation. However, Weisz found, as in this
investigation, that the exponential curves (’Freundlich”, Wiegner-Jenny)
did not give as good an agreement as curves of the hyperbolic type (Vageler,
Weisz). This may be due to the fact that the hyperbolic curves (in agreement
with experience) have an upper limit for the exchange not shown by the
exponential ones.

Future work: There are a number of theoretical approaches in the literature
giving a functional connection between a and 5. In a following paper they will
be discussed in an analogous manner.
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Short Communications

Uber die Eigenschaften des
Losungsmittels, die die Kinetik der

alkalischen Esterhydrolyse bestim-.

men. I. Der Zusammenhang
zwischen Aktivierungswirme und
Protoneniibergangswirme
AULIS KOIVISTO

Chemisches Institut der Universitit Helsinki,
Finnland

ie Geschwindigkeit der durch Alkalien

hervorgerufenen . Esterhydrolyse hingt
viel vom Loésungsmittel ab. Es fragt sich,
in welcher direkten Weise die katalytische
Aktivitit des alkalihaltigen Lésungsmittels
gemessen werden kann, Die Antwort lau-
tet, dass die Messung mittels einem dem
Aktivierungsprozess ahnlichen Prozess aus-
fithrbar ist.

Man ist der Ansicht, dass der Aktivie-
rungsprozess der alkalischen Esterhydro-
lyse von der Bildung des Additionsproduk-
tes EOH™ aus Estermolekiil E und Hydr-
oxylion bedingt ist . Dieser Fall lisst sich,
abweichend vom Ublichen, durch die
Gleichung E -+ H,0 & EOH™ + H+ be-
schreiben. Die Gleichung fir die Auto-
F{rotolyse des Losungsmittels HL ist [H+]=

[HL]/{L"]. Diese beiden Gleichungen erge-
ben (1) [EOH")/[E][H,0] = K*[L]/(HL].
Die Konstante K* des Aktivierungsgleich-
gewichts héngt natiirlich von der Art des
Loésungsmittels HL ab.

Die Form der Gleichung (1) unterschei-
det sich von der der iiblichen Siure-Basen-
Gleichgewichtsgleichung (2) [A~)/[HA] =
K[L"]/[HL] nur darin, dass erstere Gleich-
ung 3,letztere 2 neutrale Molekiile enthiilt.
Experimentell ist belegt, dass die relative
Séurestidrke der Protonenspender nicht
sehr viel vom Ldsungsmittel abhiingt 2.
Dies bedeutet, dass der Einfluss des Lo-

sungsmittels auf das Verhéltnis der Aktivi-
tatskoeffizienten der Sdure und ihres
Anions bei den verschiedenen Sduren
gleichgross ist. Es ist anzunehmen, dass
dies auch fiir Gleichung (1) giiltig ist, wo-
bei [E] [H,0] sich also wie [HA] verhilt.

Auf Grund des Vorstehenden sollte also

das Verhiltnis K*/K der Gleichgewichts-

konstanten der Gleichungen (1) und (2)
unabhiéingig vom Loésungsmittel HL sein,
und da das Vorstehende nicht auf eine be-
stimmte Temperatur beschridnkt ist, so
muss der Einfluss der Temperatur auf
das VerhiltnisK*/K unabhéngig vom Lo-
sungsmlttel sein. Durch Anwendung der
van’t Hoffschen Gleichung erhilt man

RT*dInK*—dInK)/dT= AH*— H = unab-
hingig vom Loésungsmittel. AH* ist die
Aktivierungswirme der Hydrolyse im Lé-
sungsmittel HL, A H ist die Wirme der Pro-
toneniibergangsreaktion HA +L™—»A~+HL.
Bezeichnet man die dem Lésungsmittel L,
entsprechenden Wirmen mit AH,* und
AH,, die dem Lésungsmittel L, entspre-
chenden mit AH,* und AH,, so ist
AH* — AH,* = AH, — AH,. Die
»Neutralisierungswirme» kommt somit der
Aktivierungswirme zugute.

Die Protoneniibergangswiirmen wurden
kalorimetrisch gemessen, 25° C, unter Ver-
wendung von Phenol und Essigsiure, in
einigen Fillen auch Ameisensidure, Bern-
steinséiure und Benzoesdure als Protonen-
spender. Bei diesen Substanzen war die
Protoneniibergangswiirme in ziemlich glei-
cher Weise vom Ldsungsmittel abhingig 3.

Aus den in der Literatur beschriebenen
Versuchen iiber die alkalische Hydrolyse
der Ester geht hervor, dass der Einfluss
des Losungsmittels bei verschiedenen Es-
tern von ziemlich gleicher Art ist, wie es
oft der Fall ist bei Reaktionen von gleichem
Typus. Die vom Verfasser ausgefiihrten
Versuche bekriftigen diese Auffassung.
(Wegen der Umesterung lidsst sich in viel
Alkohol enthaltenden Losungsmitteln nur
die Hydrolysengeschwindigkeit des Esters
des betreffenden Alkohols messen.) Die in
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den Versuchen verwendeten Losungsmittel,
neben rein wissrigen Losungen, und Ester,
sind die folgenden:

Losungsmittel

Phenol
Rohrzucker
Glyzerin
Athylenglykol
Methanol
Aceton

— Athanol
n-Propanol
i-Propanol
tert. Butanol

Wasser

<

COPIAS TR W=
T v I eI T

—

Als Katalysator diente NaOH. Die Er-
gebnisse der Versuche sind in den Figuren
1— 3 wiedergegeben, von denen Figur 1 die
Abhéngigkeit der Aktivierungswéirme vom
Loésungsmittel, Figuren 2 und 3 die ent-
sprechende Abhéingigkeit der Protonen-
ubergangswirme darstellen. Falls die Ak-
tivierungswiirmen unter Verwendung ver-
schiedener Ester im gleichen Lésungsmittel
bestimmt worden sind, so entsprechen
deutlichkeitshalber die Punkte der Figur
1 dem Mittelwert. Als Protonenspender
dienten Phenol (Fig. 2) und Essigsédure
(Fig. 3). Der Deutlichkeit halber zeigen
die Figuren nur die Anderungen AH—
AH, dieser Wirmen in Bezug auf den in
wissriger Losung vorliegenden Wert A H,.

*
0

AH2AH

% org. Substanz
im Lasungsmittel.

10

-3
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Die Numerierung der Losungsmittel in den
Figuren ist dieselbe wie im vorstehenden
Verzeichnis.

Ester

Athylacetgt, n-Propylacetat
Methyl-, Athyl- und Propylacetat
Athylacetat

»
Methylacetat und -benzoat
Athylacetat

» .
» , n-Propylacetat, Athylbenzoat
» , i-Propylacetat
» , Methylacetat, Athylbenzoat

Die Gleichartigkeit der Figur 1 mit den
Figuren 2 und 3 zeigt auf das Deutlichste,
dass die beschriebene Protoneniibergangs-
wérme in die Aktivierungswérme der alka-
lischen Hydrolyse der Ester eingeht. Die
Ubereinstimmung kann natirlich nicht
vollig quantitativ sein, schon weil der
zweite Energiefaktor, der die relative
Séurestirke mitbestimmt, die Protonen-
ubergangswirme, offenbar zu einem gewis-
sen Grade vom Lésungsmittel abhéngt,
wie auch die relative Saurestirke selbst
(Figuren 2 und 3). Aber obwohl die be-
nutzten Protonenspender, Phenol und
Essigsdure, auf Grund ihrer allgemeinen
chemischen Eigenschaften zu verschiede-
nen Substanzgruppen gehéren, so sind die

Kcal/Mol.

AH -4H,

o

100
% org. Substanz
L im Losungsmittel.

-3

Fig. 1. Abhdngigkeit der Aktivierungswirme  Fig. 2. Abhdngigkeit der Protonenibergangs-

vom Losungsmittel.
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AH -AHy Kcal /Mol.

100

% org. Substanz
im Losungsmittel.

al

Fig. 3. Abhdngigkeit der Protoneniibergangs-
wdrme vom Losungsmittel. Protonenspender:
Essigsdure.

Unterschiede lange nicht so gross, dass sie
das Gesamtbild verinderten. .
Es ist auffallend, dass der Protoneniiber-
ng an das Alkoxyl-Ion in alkoholischer
%aﬁsung viel weniger Wirme befreit als der-
jenige an das Hydroxyl-Ion in wissriger
Loésung. .

1. Day, J. N. E. und Ingold, C. K. Trans.
Faraday Soc. 37 (1941) 686; Bender, M. L.
J. Am. Chem. Soc. 73 (1951) 1626.

2. Siehe Literaturverzeichnis: Dippy, J. F. J.
J. Chem. Soc. 1941 550; Chem. Revs. 25
(1939) 151.

3. Siehe auch Wolfenden, J. H., Jackson, W.

und Hartley, H. B. J. Phys. Chem. 31
(1927) 850.

Eingegangen am 24. November 1954.

Low-molecular Carbohydrates in
Algae
VII*. Investigation of Fucus spiralis
and Desmarestia aculeata
HANS BOUVENG and BENG™T LINDBERG

Organisk-kemiska Institutionen, Kungl. Tek-
niska Hogskolan, Stockholm, Sweden

n Parts I?, IV * and V * of this series,
studies on the brown algae Fucus vesiculo-
sus, Pelvetia canaliculata and Laminaria

* Part VI, Acta Chem. Scand. 8 (1954) 1875.
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cloustons were reported. These algae all
contained mannitol, 1-mannitol B-glucoside
and 1,6-mannitol di-(8-glucoside). 1-Man-
nitol acetate was isolated from F. vesicu-
losus and L. cloustoni, volemitol and its
mono- and di-glucosides from P. canalicu-
lata and & substance, laminitol, later pro-
ved to be a C-methyl inositol (Part VI)
from L. cloustoni. It was therefore of
interest to investigate other brown algae
to see if some of these substances were
characteristic for the whole group, and
in the present communication the investi-
gation of Fucus spiralis and Desmarestia
aculeata is repo: . Mannitol, 1-mannitol
B-glucoside and laminitol were isolated
from both and the ‘fresence of 1,6-mannitol
diglucoside was demonstrated by pager
chromatography. It is most probable that
laminitol was overlooked in F. vesiculosus
and P. canaliculata and that this substance,
as well as mannitol and its glucosides, is
characteristic for brown algae in general.
1-Mannitol acetate was isolated from F.
spiralis but not from D. aculeata and it
seems significant that this substance has
been obtained in a good yield only from
the Fucus species. Volemitol was not
found in either of the two algae now in-
vestigated. It has thus so far only been
found in P. canaliculata but it is intended
to investigate its possible occurrence in
other brown algae.

The algae, Fucus spiralis (740 g) and
Desmarestia aculeata (240 g) were kindly
supplied by Institutt for Tang- og Tare-
forskning, Trondheim. They were extrac-
ted and the extracts worked up as descri-
bed in previous communications 3. After
fractionation on carbon columns and, when
necessary, further separation on thick fil-
ter paper, the following substances were
isolated:

Fucus spiralis. Laminitol, 0.18 g (0.0256
%). M.p. 245—247° (slight decomp.).

Mannitol, 23 g (3.1 %). M. p. 160—162°.

1-Mannitol acetate, 0.70 g (0.1 %). M. p.
121 —122°.

1-Mannitol §-glucoside, 0.30 g (0.04 %).
M. p. 141 —142°,

1,6-Mannitol di-(8-glucoside), about 0.03
g (0.004 9%). Amorphous, chromatogra-
phically indistinguishable from authentic
material.

Desmarestia aculeata. The crude lamini-
tol was purified as acetate. Yield 20 mg
(0.004 9, calculated as laminitol). M. p.
147 —148°.

Mannitol, 13.56 g (5.6 %). M.p. 162—
163°.

Acta Chem. Scand. 9 (1955) No. 1
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nitol acetate was isolated from F. vesicu-
losus and L. cloustoni, volemitol and its
mono- and di-glucosides from P. canalicu-
lata and & substance, laminitol, later pro-
ved to be a C-methyl inositol (Part VI)
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and P. canaliculata and that this substance,
as well as mannitol and its glucosides, is
characteristic for brown algae in general.
1-Mannitol acetate was isolated from F.
spiralis but not from D. aculeata and it
seems significant that this substance has
been obtained in a good yield only from
the Fucus species. Volemitol was not
found in either of the two algae now in-
vestigated. It has thus so far only been
found in P. canaliculata but it is intended
to investigate its possible occurrence in
other brown algae.

The algae, Fucus spiralis (740 g) and
Desmarestia aculeata (240 g) were kindly
supplied by Institutt for Tang- og Tare-
forskning, Trondheim. They were extrac-
ted and the extracts worked up as descri-
bed in previous communications 3. After
fractionation on carbon columns and, when
necessary, further separation on thick fil-
ter paper, the following substances were
isolated:

Fucus spiralis. Laminitol, 0.18 g (0.0256
%). M.p. 245—247° (slight decomp.).

Mannitol, 23 g (3.1 %). M. p. 160—162°.

1-Mannitol acetate, 0.70 g (0.1 %). M. p.
121 —122°.

1-Mannitol §-glucoside, 0.30 g (0.04 %).
M. p. 141 —142°,

1,6-Mannitol di-(8-glucoside), about 0.03
g (0.004 9%). Amorphous, chromatogra-
phically indistinguishable from authentic
material.

Desmarestia aculeata. The crude lamini-
tol was purified as acetate. Yield 20 mg
(0.004 9, calculated as laminitol). M. p.
147 —148°.

Mannitol, 13.56 g (5.6 %). M.p. 162—
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1-Mannitol #-glucoside 0.11 g (0.045 %).
M. p. 138—139°.

1,6-Mannitol di-(8-glucoside), about 5 mg
(0.002 %). Amorphous, chromatographi-
cally indistinguishable from authentic ma-
terial.

The melting points of all the crystalline
compounds were undepressed on admixture
with authentic specimens.
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to Statens Naturvetenskapliga Forskningsrid
for financial support and to Ing. J. Dulny for
skilful assistance.

1. Lindberg, B. Acta Chem. Scand. T (1953)
1119.

. Lindberg, B. and Paju, J. Acta Chem. Scand.
8 (1954) 817.

3. Lindberg, B. and McPherson, J. Acta Chem.
Scand. 8 (1954) 1547.

Received November 26, 1954.

[3]

Low-molecular Carbohydrates in

Algae

Investigation of Two Green
Algae

BENGT LINDBERG

VIIL *.

Organisk-kemiska Institutionen, Kungl. Tek-
niska Hoégskolan, Stockholm, Sweden

wo green algae, one marine, Entero-

morpha compressa, and one fresh water
alga, Chlorella, strain Tx 14— 10, have been
investigated, using the same technique
l‘arreviously applied to brown algae (Part

1),
Sucrose was isolated in good yield from
both algae and evidence for the occurrence
of meso-inositol in the two algae was also
obtained. A small amount of mannitol
was isolated from E. compressa, but this
might have come from contaminating
brown algae. From the Chlorella maltose
and maltotriose were isolated. These sub-
stances certainly have some connection
with starch, either as precursors in its

* Part VII, Acta Chem. Scand. 9 (1955)
168.
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biosynthesis or as products of a post-mor-
tal, enzymatic hydrolysis. In addition, the
presence of several unidentified substances,
occurring in small amounts, was demon-
strated by paper chromatography.

Enteromorpha compressa (250 g), kindly
supplied by Marinbotaniska Institutionen,
Goteborg, was extracted and worked up as
previously described for the brown algae *.
The carbohydrate fraction was separated
on & carbon column, using the gradient
elution technique. Mannitol (90 mg), m. p.
158 —162° and sucrose (1.4 g), m. p. 178—
179° were isolated, and the presence of
meso-inositol demonstrated by paper chro-
matography.

Chlorella, strain Tx 14—10, (160 g),
kindly supplied by Docent L. E. Enebo,
Kungl. Tekniska Hogskolan, Stockholm,
was refluxed for 4 hours with 75 9, ethanol
(2 000 ml), the extract separated by centri-
fugation and the residue re-extracted and
treated in the same manner. The combined
extracts were worked up as above, separa-
ted on a carbon column and further frac-
tionated on thick filter paper. The follow-
ing substances were isolated:

meso-Inositol (0.22 g), m. p. 216—217°.
Acetate, m. p. 209—211°. Sucrose (3.8 g),
m. p. 182—183°.

Maltose (80 mg) was isolated by further
separation of a fraction from the carbon
column on thick filter paper. It was amor-
phous and not quite pure, [a,]g + 110°(c, 2.0
in water), but was chromatographically in-
distinguishable from authentic maltose and
on hydrolysis yielded glucose only.

Maltotriose (270 mg) was isolated from
another fraction in the same manner. It
was also amorphous and not quite pure,
[a]h + 139° (¢, 2.0 in water), but chromato-
graphically indistinguishable from authen-
tic maltotriose and on partial hydrolysis
yielded glucose and maltose (identified by
paper chromatography).

The melting points of all the crystalline
compounds were undepressed on admixture
with authentic materials.

Acknowledgement. The author is indebted
to Statens Naturvetenskapliga Forskningsrdd for
financial support and to Ing. J. Dulny for skil-
ful assistance.
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4-Hydroxy-Piperidine-2-Carboxylic
Acid in Green Plants
ARTTURI L VIRTANEN and SIGRID KARI

Laboratory of the Foundation for Chemical
Research, Biochemical Institute,
‘Helsinki, Finland

We recently isolated a new piperidine-
carboxylic acid from Rhapis flabelli-
formis and identified it as &-hydroxy-
piperidine-2-carboxylic acid!. By paper
chromatography this substance was found
also in Acacia species. In this case, how-
ever, also another spot in connection with
the spot of 5-hydroxy-piperidine-2-carb-
oxylic acid could be seen on the paper
chromatogram (Fig. 1). The colour produ-
ced with ninhydrin of this spot was at first
yellow but turned after heating gradually
sky blue, while the spot given by the 5-
hydroxy acid was blue tinged with violet.
Without this difference in colour it had
been difficult at first to observe that two
different, substances together formed the
large spot.

We have now isolated this other amino
acid from a 70 9, alcohol extract of Acacia
pentadena. The solution of 655 g of fresh
plants ( =346 g dry material, 764 mg soluble
N) was first run through an Amberlite IR-
120 column (1.5 x 43 cm, 80 ml resin). The
amino acids remained in the column and
were eluted with 1 N ammonia whereby

Fig. 1. Two-dimensional paper chromatogram
(butanol-acetic acid -+ phenol-NH;) from a
70 % alcohol extract of Acacia penta-
dena. 2 = ala, 8 = ser, 9 = threo, 11 = pro,
16 = asp, 17 = glu, 24 = glu-NH,, 256 = asp-
NH,, 29 = y-aminobut. acid, 45 = ethanol-
amine, 60 = piperidine-2-carboxylic actd (pipe-
colic acid ), B = unknown amino acid, C = 5-
hydroxy-piperidine-2-carboxylic acid.

SHORT COMMUNICATIONS

all amino acids came. out in fractions Nos.
4—-19 of 17 ml each. Ammonia was eva-
porated in vacuo from these fractions. The
syrupy residue was dissolved in 10 ml of
1.5 N HCI and the solution obtained was
passed into a Dowex 50 column (4 x 64
cm, 800 ml resin). The resin had previ-
ously been treated with 1.6 N HCl. The
amino acids were eluted with 1.5 N HCI.
400 fractions of 9 ml were collected. The
unknown amino acid came out in fractions
Nos. 201—260. Fractions 201 —220 con-
tained besides a-amino acids (serine, thre-
onine and asparagine) only the unknown
amino acid, fractions 221-—-260 also
5-hydroxy-piperidine - 2 - carboxylic acid.
Fractions 201 —220 were therefore used
for the isolation of the unknown amino
acid. In order to destroy the a-amino acids
they were deaminated with nitrogen oxides.
The solution was then passed through an
Amberlite IR-120 column and the amino
acid in question, which was not deamina-
ted, was eluted with ammonia. After eva-
poration to a small volume the unknown
amino acid crystallized in fine flakes. The
yield was 180 mg corresponding to about
18 mg N (2.4% of the soluble N in Acacia).
When the amount of this amino acid in the
mother liquid and in fractions 221—260
are taken into account about 2.7 9% of the
soluble N in Acacia belongs to the unknown
amino acid. Analysis of the recrystallized
substance; Found: C 49.25; H 7.67; N
(Dumas) 9.63. Calc. for hydroxy-piperi-
dine-carboxylic acid C¢HO3N: C 49.65;
H 7.59; N 9.66. M.p. determination:
turned brown at 250°C, decomposed at
270° C.

This amino acid could be clearly dis-
tinguished from 5-hydroxy-2-piperidine-
carboxylic acid by paper chromatography,
because it moved somewhat faster in phe-
nol. Rg-values (Whatman No. 4 paper):

Phenol. Dutanol-
NH, a.cep(;c
5-hydroxy-piperidine-2- act

carboxylic acid 0.783 0.254
4-hydroxy-piperidine-2-
carboxylic acid (un-

known amino acid) 0.826 0.232

a-alanine 0.609 0.247

The new amino acid did not reduce alka-
line permanganate solution. Upon reduc-
tion with 66 ¢, HI (d 1.96) and red phos-

phorus at 140° C piperidine-2-carboxylic

acid (pipecolic acid) was formed (Fig. 2).
Acta Chem. Scand. 9 (1955) No. 1



SHORT COMMUNICATIONS 171

FigF2. Products formed from unknown amino acid B and 5-hydrozypiperidine-2-carboxylic
acid C ‘L3 reduction with HI and P. B = unknown amino acid which partby remained un-

changed, O = 5-hydroxy - piperidine - 2-carbowylic acid which partly r ed h

ged, 60

= pipecolic acid formed from B and C; amino acids 3, 11, and 29 added /or comparmn. Two
lower spots on the chromatograms are unknown, probably I containing s

Fig. 3. Products formed jrom unknown amino acid B and &-hydroxypiperidine-2-carboxylic
actd by ozidation with KMnO, in H,S80,-solution. B = unknown amino acid which partly re-
mained unchanged, C = 5-hydroxypiperidine-2-carboxylic acid which partly r ined hanged

16 = asp, 17 =

Accordingly, some hydroxy-piperidine-2-
carboxylic acid was in question, having
its OH group in another position than 5.
On oxidation with potassium permanga-
nate in sulphuric acid solution the sub-
stance gave, in addition to two substances
not closer investigated, aspartic acid and
a smaller amount of glycine, but no gluta-
mic acid (Fig. 3). In parallel experiments
our 5-hydroxy-piperidine-2-carboxylic acid
gave only glutamic acid. Accordingly the
unknown amino acid is 4-hydroxypiperi-
dine-2-carboxylic acid.

CHOH

PR
H,C  CH,

|

H,C  CHCOOH

NH
Acta Chem. Scand. 9 (1955) No. 1
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glu, 1 = glu.

In our previous paper we advanced the
hypothesis that 5-hydroxy-piperidine-2-
carboxylic acid could be formed from &-
hydroxylysine. Correspondingly 4-hydr-
oxy acid could be formed from y-hydroxy-
lysine. This acid has not yet been found in
nature.

In addition to Acacia pentadena, Acacia
retinoides and Strelitzia reginae contained
both 4- and 5-hydroxy-piperidine-2-carb-
oxylic acid. Albizzia lophantha again con-
tained only 4-hydroxypiperidine-2-carb-
oxylic acid.

We wish to thank Professor A. Kalela for
the plant material obtained from the Uni-
versity Botanical Gardens.

1. Virtanen, A. I. and Kari, S. Acta Chem.
Scand. 8 (1954) 1290.

Received December 2, 1954.
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”Dimethyldioxan” Obtained from
Propylene Glycol and Sulphuric
Acid Identified as 2-Ethyl-4-
Methyl-1,3-Dioxolan
ELSE AUGDAHL and 0. HASSEL

Universitetets Kjemiske Institutt,
Blindern — Oslo, Norway

n the course of studies related to addi-

tion compounds of ethers we wanted to
prepare 2,6- or 2,5-dimethyl-1,4-dioxan.
According to Levene and Walti ! the 2,6-
compound is obtained when 1,2-propane-
diol is distilled with concentrated sulphuric
acid. I.G. Farbenindustrie in a patent also
states that dimethyl-1,4-dioxan is formed
in this way without, however, indicating
the positions of the methyl groups 2.
According to another patent, however, of
The Standard Oil Development a structural
isomeric compound, the cyclic acetal 2-
ethyl-4-methyl-1,3-dioxolan (I) is formed
under the conditions mentioned above 3.

CH,

I
0—CH
C,H,—CH l
0—CH,

When 1,4-dioxan is prepared by distil-
ling ethylene glycol with sulphuric acid
small quantities of a cyclic acetal, viz. 2-
methyl-1,3-dioxolan, is known to be for-
med. It therefore appears possible that in
the analogous reaction with 1,2-propane-
diol both dimethyldioxans and 2-ethyl-4-
methyl-1,3-dioxolan are formed. The lat-
ter may be expected to result from the
reaction between 1,2-propanediol and pro-
pionaldehyde in the presence of a water-
attracting substance like sulphuric acid.
Moreover 1,2-propanediol may partially
be transformed into propionaldehyde under
the conditions prevailing during the distil-
lation process®. When fractionating the
distillation product considerable quantities
of an aldehyde were actually observed.

Levene and Walti believed the substance
which they obtained when distilling bis(2-
hydroxypropyl)ether with concentrated
sulphuric acid to be identical with the sub-
stance they prepared from 1,2-propanediol.
This was their reason for concluding that
the latter is 2,6-dimethyl-1,4-dioxan. The

SHORT COMMUNICATIONS

identity of the two liquid products was
established only by means of elementar:

" analysis. However, since both dimethyl-

dioxan and the acetal have the formula
C¢H,,0, this result is not decisive. On
distilling bis(2-hydroxypropyl) ether with
sulphuric acid aldehyde was formed. It
therefore does not appear impossible that
the acetal is produced also under these
conditions. The purity of the two products
was also somewhat questionable, as the
boiling interval reported for the substance
obtained from 1,2-propanediol was 117 —
125°, for the substance obtained from the
ether 110—119°.

We also have observed that the product
obtained from 1,2-propanediol splits off
aldehyde by hydrolysis even after repeated
treatment with Tollens’ reagent. We
further observed that on.addition ¢f an
acid solution of 2,4-dinitrophenylhydrazine
to the substance a precipitate was formed,
which was identified as the 2,4-dinitro-
phenylhydrazone of propionaldehyde. The
maximum quantity of the hydrazone obtai-
ned by adding a sufficient quantity of 2,4-
dinitrophenylhydrazine corresponded to
94 9, of the theoretical value calculated
under the assumption that the aldehyde is
formed by complete hydrolysis of the cyclic
acetal. From the products obtained by
hydrolysis experiments with diluted acids
both 1,2-propanediol and propionaldehyde
could indeed be isolated. We have, on the
other side, heated a mixture of 1,2-pro-
panediol and propionaldehyde to 160°C
in a sealed tube. The substance thus obtai-
ned turned out to be identical with the
substance resulting from distillation of 1,2-
propanediol with sulphuric acid. Their
identity follows from the identity of their
infrared absorption spectra. We may add
that under similar conditions 2,4-dimethyl-
1,3-dioxolan has been prepared from 1,2-
propanediol and acetaldehyde ®.

According to I. R. investigations the
purity of the acetal obtained by the method
of I. G. Farbenindustrie for preparing di-
methyldioxan is higher than the purity of
the products obtained by the methods de-
scribed by Levene and Walti and in the
Standard Oil patent. The main difference
is that in the I.G. Farbenindustrie process
the 1,2-propanediol is added successively
during the distillation. In this case the
raw product will — after neutralisation and
drying — distill below 117° C, the main part
between 114 —117°C. The distillation in-
tervals for the purified products reported
by Levene and Walti am}i) in The Standard

Acta Chem. Scand. 9 (1955) No. 1
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Oil patent are 117—125° C and 116 —121°,
respectively. .

From our experiments the conclusion
must be drawn that ¢f dimethyldioxans
are formed when propylene glycol is distil-
led with sulphuric acid, the amounts are
at least insignificant.

Experimental: Hydrolysis of the acetal. The
acetal is sparingly soluble in water, but on
heating with 1 %, hydrochloric acid and shak-
ing the acetal layer soon disappeared, propion-
aldehyde being evolved. The solution was kept
for some time in an evacuated desiccator with
phosphorus pentoxide and the remaining liquid
distilled. The temperature rose rather rapidly
to the boiling point of 1,2-propanediol. The
distillate was viscous, miscible with water in
all proportions and the taste sweet.

Reaction with 2,4-dinitrophenylhydrazine. 5 ml
of concentrated sulphuric acid was added to
1.0 g of the reagent, then — drop by drop —
7.5 ml water and finally 25 ml ethanol (96 9%).
This solution was added to a solution of 0.250
g acetal in 10 ml ethanol (96 9%). The precipi-
tate (0.478 g) after repeated crystallisation
from 96 9 ethanol melted at 153.5°. The
melting point showed no depression on addi-
tion of specially prepared propionaldehyde-2,4-
dinitrophenylhydrazone. (Found: C 45.54;
H 4.31; N 23.51. Cale. for C;H,,0,N,: C 45.37;
H 4.23; N 23.53).

The reaction between propionaldehyde and
1,2-propanediol. 17 g of propionaldehyde and
13 g of 1,2-propanediol were heated in a sealed
tube to 160° during 68 hours. On fractionating
it was found that the liquid distilling below
50° C consisted essentially of propionaldehyde.
Between 50° and 86° a two-layer fraction was
obtained. Subsequently the temperature rose
rapidly to 160°C. The upper layer of the
middle fraction was dried with anhydrous so-
dium sulphate before refractionating. After
repeated fractionation the infrared absorption
spectrum of the fraction 114-—117° was com-
pared with the spectrum of & corresponding
fraction obtained from the distillation of 1,2-
propanediol with sulphuric acid. The two frac-
tions were found to consist of the same chief
component, the contents of free propionalde-
hyde being somewhat different.

The molecular weight of the acetal prepared
according to the I. G. Farbenindustrie patent
was determined cryoscopically: Found 115.8,
cale. 116.3.

Thanks are due to Mr. J. Lothe for taking
the infrared spectra.

1. Levene, P. A. and Walti, A. J. Btol. Chem.
75 (1927) 329.
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874; Chem. Abstracts 45 (1951) 3867e.

4. Flawitsky J. Russ. Phys-Chem. Soc. 10
(1878) 348; 11 (1878) 1256.

5. de Gramont, A. Bull. soc. chim. Paris [N.S.]
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A Preliminary Note on the Compo-
sition of the Non-hydratable
Soyabean Phosphatides-

KAJ NIELSEN

Dansk Sojakagefabrik A[S, Copenhagen,
Denmark

Degummed soyabean-oil, ¢. e. soyabean-
oil from which the “mucilages” and
the phosphatides have been removed by
treatment with steam or hot water, still
contains some phosphorus-containing com- -
pounds ordinarily referred to as non-
hydratable phosphatides. The composi-
tion of these has never been fully estab-
lished.

From a soyabean-oil extracted from
american-grown beans and de ed by
treatment with steam the non-hydratable
phosphatides corresponding to more than
80 9% of the remaining phosphorus-content
have been isolated.

The nitrogen-content of the isolated
phosphatides was only 0.3 9%, whereas the
ash-content normally was 21 —22 9,. The
ash consisted mainly of Ca and Mg-phos-
phates, indicating that the isolated phos-
phatides were present as Ca and Mg-salts.

After converting the salts into free acids,
the ether-soluble part, which contained
about 75 9% of the phosphorus, was frac-
tionated using the countercurrent techni-
que developed by Craig *.

Fig. 1 shows the distribution-curves of
weight, phosphorus, nitrogen and fatty
acids obtained when using the solvent
system: 62 volumes of carbon tetrachlor-
ide, 35 volumes of methanol and 3 volumes
of water 2.



SHORT COMMUNICATIONS

Oil patent are 117—125° C and 116 —121°,
respectively. .

From our experiments the conclusion
must be drawn that ¢f dimethyldioxans
are formed when propylene glycol is distil-
led with sulphuric acid, the amounts are
at least insignificant.

Experimental: Hydrolysis of the acetal. The
acetal is sparingly soluble in water, but on
heating with 1 %, hydrochloric acid and shak-
ing the acetal layer soon disappeared, propion-
aldehyde being evolved. The solution was kept
for some time in an evacuated desiccator with
phosphorus pentoxide and the remaining liquid
distilled. The temperature rose rather rapidly
to the boiling point of 1,2-propanediol. The
distillate was viscous, miscible with water in
all proportions and the taste sweet.

Reaction with 2,4-dinitrophenylhydrazine. 5 ml
of concentrated sulphuric acid was added to
1.0 g of the reagent, then — drop by drop —
7.5 ml water and finally 25 ml ethanol (96 9%).
This solution was added to a solution of 0.250
g acetal in 10 ml ethanol (96 9%). The precipi-
tate (0.478 g) after repeated crystallisation
from 96 9 ethanol melted at 153.5°. The
melting point showed no depression on addi-
tion of specially prepared propionaldehyde-2,4-
dinitrophenylhydrazone. (Found: C 45.54;
H 4.31; N 23.51. Cale. for C;H,,0,N,: C 45.37;
H 4.23; N 23.53).

The reaction between propionaldehyde and
1,2-propanediol. 17 g of propionaldehyde and
13 g of 1,2-propanediol were heated in a sealed
tube to 160° during 68 hours. On fractionating
it was found that the liquid distilling below
50° C consisted essentially of propionaldehyde.
Between 50° and 86° a two-layer fraction was
obtained. Subsequently the temperature rose
rapidly to 160°C. The upper layer of the
middle fraction was dried with anhydrous so-
dium sulphate before refractionating. After
repeated fractionation the infrared absorption
spectrum of the fraction 114-—117° was com-
pared with the spectrum of & corresponding
fraction obtained from the distillation of 1,2-
propanediol with sulphuric acid. The two frac-
tions were found to consist of the same chief
component, the contents of free propionalde-
hyde being somewhat different.

The molecular weight of the acetal prepared
according to the I. G. Farbenindustrie patent
was determined cryoscopically: Found 115.8,
cale. 116.3.

Thanks are due to Mr. J. Lothe for taking
the infrared spectra.

1. Levene, P. A. and Walti, A. J. Btol. Chem.
75 (1927) 329.

Acta Chem. Scand. 9 (1955) No. 1

173

2. I. G. Farbenindustrie D.R.P. 516, 844;
Chem. Zentr. 1931:1 2939.

3. Standard Oil Development Co. U.S. 2509,
874; Chem. Abstracts 45 (1951) 3867e.

4. Flawitsky J. Russ. Phys-Chem. Soc. 10
(1878) 348; 11 (1878) 1256.

5. de Gramont, A. Bull. soc. chim. Paris [N.S.]
41 (1884) 361.

Received December 4, 1954,

A Preliminary Note on the Compo-
sition of the Non-hydratable
Soyabean Phosphatides-

KAJ NIELSEN

Dansk Sojakagefabrik A[S, Copenhagen,
Denmark

Degummed soyabean-oil, ¢. e. soyabean-
oil from which the “mucilages” and
the phosphatides have been removed by
treatment with steam or hot water, still
contains some phosphorus-containing com- -
pounds ordinarily referred to as non-
hydratable phosphatides. The composi-
tion of these has never been fully estab-
lished.

From a soyabean-oil extracted from
american-grown beans and de ed by
treatment with steam the non-hydratable
phosphatides corresponding to more than
80 9% of the remaining phosphorus-content
have been isolated.

The nitrogen-content of the isolated
phosphatides was only 0.3 9%, whereas the
ash-content normally was 21 —22 9,. The
ash consisted mainly of Ca and Mg-phos-
phates, indicating that the isolated phos-
phatides were present as Ca and Mg-salts.

After converting the salts into free acids,
the ether-soluble part, which contained
about 75 9% of the phosphorus, was frac-
tionated using the countercurrent techni-
que developed by Craig *.

Fig. 1 shows the distribution-curves of
weight, phosphorus, nitrogen and fatty
acids obtained when using the solvent
system: 62 volumes of carbon tetrachlor-
ide, 35 volumes of methanol and 3 volumes
of water 2.



SHORT

174 COMMUNICATIONS
15 | micromole /mt mg/ml
<25
)
10 | 420
ERE]
5t /x—'“x\. <10
," \. [+) A\
’ N \ B
7 \~~x.—--—'x—!-_ 0.5
1 i 1 A
350 300 250 200 150 100

transfer number

Fig. 1. Distribution curves.

O O weight,
O —— 10 nitrogen,

The curves exhibit three distinct maxima
at transfer Nos. 116, 154 and 285, obviously
representing three different components or
groups of components, and a less pronoun-
ced maximum at transfer No. 205, probably
representing a fourth component.

On mild acid hydrolysis the components
.at transfer No. 116 yielded glycerophos-
phoric acid and inositolmonophosphoric
acid. The latter contained about 12 9 of
the total phosphorus present at this maxi-
mum.

The components at the three other max-
ima yielded on mild acid hydrolysis glyce-
rophosphoric acid as the only phosphorus-
containing. ester. .

As 1) phosphorus and fatty acids are
present in equimolar quantities, 2) nitrogen
is not present and 3) glycerophosphoric acid
is the only phosphorus-containing ester,
the component represented by the maxi-
mum at transfer No. 154 is in all probabil-
ity lysophosphatidic acid (monoacyl-gly-
cerophosphoric acid).

The two maxima at transfer No. 205
and No. 285 both contain phosphorus and
fatty acids in a mole ratio of 1:2. As nitro-
gen is not present and the only phosphorus-

]
X

@ phosphorus,
X fatty acids.

containing ester is glycerophosphoric acid,
the maxima are thought to represent two
groups of phosphatidic acids (diacyl-
glycerophosphoric acids), which are differ-
ing in chain length and degree of unsatura-
tion of the fatty acids.

The small nitrogen-content derives from
ethanolamine and serine, the latter con-
tains about 10 %, of the total nitrogen pre-
sent. They are in all probability present
as esters of phosphoric acid and glycero-
phosphoric acid.

Based on this distribution, it is possible
to state the composition of the investiga-
ted mixture, leaving out the nitrogen-con-
taining components, as follows:

inositolmonophosphoric acid 2%
glycerophosphoric acid 16 %
lysophosphatidic acid 28 9%
phosphatidic acid 556 %

1. Craig, L. C. J. Biol. Chem. 155 (1944) 519.
2. Cole, P. G., Lathe, G. H. and Ruthven,
C. R. J. Biochem. J. (London) 54 (1953)
449,
Received December 11, 1954.
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y-Hydroxyglutamic Acid in
Green Plants
ARTTURI L VIRTANEN and PENTTI K. HIETALA

Laboratory of the Foundation for Chemical
Research, Biochemical Institute,
Helsinki, Finland

W‘hen it was found that the amino acid
preparation which Dakin ! more than
30 years ago isolated from proteins. and
which he believed to be ﬁ-hydlr)oxyglutamic
acid, was a mixture of commonly occurring
amino acids %, hydroxyglutamic acid de-
finitely disappeared from the list of amino
acids occurring in nature. We have now,
however, found p-hydroxyglutamic acid
in the green parts of Phlox decussata.

A 70 9% alcohol extract (13 1) of Phlox
(3.5 kg of fresh plants = 1.18 kg dry sub-
stance, = 24.8 g N, = 6.57 g soluble N)
was prepared. A two-dimensional paper
chromatogram (butanol-acetic acid and
phenol-NH,) of the extract gave a spot
immediately above that of aspartic acid
(Fig. 1). In paper electrophoresis the
amino acid in question (X) showed to be
acidic. The isolation of X was performed

Fig. 1. Two-dimensional paper chromatogram
of a 70 Y, alcohol extract of Phlox decwus-
sata. 1=gly, 2=ala, 7 =1tyr, 8 = ser,
9 = threo, 16 = asp, 17 = glu, X = unknown
acidic amino acid. ’

Acta Chem. Scand. 9 (1955) No. 1
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Fig. 2. Paper chromatogram of the pure prepa-

ration of X after reduction with HI and red P.

1, 2, and 3 = the reduction products of the amino

acid X (increasing concentration of X from 1

to 3), 4 = glutamic acid. Solvent butanol-acetic
acid.

Fig. 3. Paper chromatogram of the pure prepa-
ration of X after oxidation with KMnO, in

Iphuric acid solution. O = the oxidation
products of the amino acid X, 16 = aspartic
acid, 17 = glutamic acid. Solvent butanol-acetic
. acid.

Fig. 4. Paper chromatogram of X and B-

hydroxyglutamic acid (synth.). From left: a

mixture of X and B-hydroxyglutamic acid (66 ),

pure f-hydroxyglutamic acid (66 ), pure X and
pure glutamic acid.

as follows: the alcohol extract was :
through an Amberlite IR 120 column. The

amino acids remained in the column and
were eluted with 1 N ammonia. The am-
monia was evaporated in vacuo and acidic
amino acids were separated from the neu-
tral and basic ones in an Amberlite IR-4B
column. The acidic amino acids which re-
mained in the column were eluted with
0.4 N hydrochloric acid. The solution was
evaporated in vacuo to a syrup, which was
dissolved in 200 ml of water. As the solu-
tion still contained great amounts of dark
colcuring matter it was neutralized with
NaOH. At a pH about 3.5 a dark precipitate
was formed. When this precipitate had
been separated by filtration the clear but
still brown solution was neutralized to pH
7 and once more passed through an Amber-
lite IR 120 column. This procedure was
repeated, ammonia being evaporated in the

12
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meantime. The solution was finally eva-
porated to dryness in vacuo, and the light
solid substance remaining in the flask was
dissolved in a small amount of water. 5 g
of celluloge powder was poured into the
flask after which the mass was evaporated
to dryness, and Fl&ced on the top of a cellu-
lose powder cclumn (5.5 X 110 cm) con-
taining as indicator 20 mg of methylorange.
The elution was performed with a solution
of butanol-acetic acid. After the indicator
had come out 125 fractions of 36 ml were
taken. Fractions 45—62 contained glut-
amic acid, 55— 99 aspartic acid, and 71—
125 the amino acid X. Fractions 100—125
contained only the unknown amino acid.
They were evaporated to dryness in vacuo,
the substance was dissolved in water and
the solution poured into a glass jar. The
solution was evaporated on a waterbath
until crystallization began. After cooling
the crystalline substance was separated by
centrifugation and dried in a vacuum de-
siccator. The yield was 124 mg. M.p.
187° C (decomp.). Fractions 71—99 con-
tained, besides a small amount of aspartic
acid, about 620 mg of the amino acid X.
3.5 kg of fresh Phlox (= 6.57 g sol. N) thus
contained about 750 mg (65 mg N) of the
unknown amino acid (1.0 % of soluble N).
Through crystallization a part of the amino
acid X in fractions 71 — 99 could be separa.-
ted from aspartic acid. :

By the following experiments we estab-
lished the structure of the amino acid X:

1. By reduction with 66 % HI (d 1.96)
and red phosphorus at 140° C for 4 h glut-
amic acid was found to be formed (Fig. 2)
from which we conclude that the amino
acid X is a hydroxyglutamic acid.

2. Analysis of the amino acid X: C
36.82; H 5.35; N 8.60. Cale, for C;H,O;N:
C 386.81; H 5.52; N 8.59. Titration with
phenolphtalein as indicator: 2.281 mg used
1.36 m! 0.00977 N NaOH. Calc. for mono-
hydroxyglutamic acid 1.43 ml. The amino
acid thus has the same empirical formula
as monohydroxyglutamic acid.

3. Upon heating the amino acid X at
pH 3.3 and 125°C for 4 h the amino N
(van Slyke) diminished by 95 9%,; accord-
ingly hydroxypyrrolidonecarboxylic acid
was formed. From glutamic acid pyrrolid-
onecarboxylic acid is formed correspond-
ingly (decrease of amino N 90 %,).

4. By oxidation with potassium perman-
ganate in sulphuric acid solution (10 mg of

X + 7.5 mg of KMnO, in 189 ul of water
+ 90 ul of 20 9% H,S0,) at + 10° C aspar-
tic acid was formed (Fig. 3).

5. Potentiometric titration in parallel
experiments gave the following pK-values
(values approximate, taken from titration
curves).

PK, PK;
Glutamic acid 4.2 9.7
Aspartic acid 3.7 9.6
B-Hydroxyglutamic acid 4.2 9.3

y-Hydroxyglutamic acid (X) 3.6 9.7

6. Synthetic f-hydroxyglutamic acid
can be distinguished from our y-hydroxy-
glutamic acid on the paper chromatogram
(butanol + acetic acid) (Fig. 4).

butanol phenol

+ +
acetic- NH,
acid
Rp-value for p-hydroxyglut-
amic acid (X) 0.06 0.17

» » P-hydroxyglut-

amic acid (synth.) 0.09 0.17
» » p-hydroxy-a-

amino pimelic

acid 3 0.15 0.34 °
» » glutamic acid 0.14 031

The new amino acid found in Phlox has
thus been established as y-hydroxyglut-
amic acid, HOOC . CHOH - CH, - CHNH, -
COOH. On the basis of the paper chrom-
atogram Linaria ovulgaris also -contains
y-hydroxyglutamic acid. The acid has not
been isolated from this plant.

y-Hydroxyglutamic acig is found also
in the protein fraction of Phlox.

We are very grateful to Dr. Karl Pfister,
Rahway, New Jersey, for a preparation of
synthetic f-hydroxy-glutamic acid.

1. Dakin, H. D. Bioch J. (London) 12
(1918) 290: 13 (1919) 398.

2. Dent, C. E. and Fowler, D. I. Biochem. J.
(London ) 56 (1954) 54.

3. Virtanen, A. L., Uksila, E. and Matikkala,
E. Acta Chem. Scand. 8 (1954) 1085.
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Oxidation of Diphenylmethane and
Benzyltoluene with Dilute Nitric
Acid at High Temperature -and

Pressure
ERIK B BENGTSSON

AB Bofors, Nobelkrut, Bofors, Sweden v

enff! boiled m-benzyltoluene for 4

days with dilute nitric acid and obtai-
ned an impure m-benzylbenzoic acid. In
a similar way Zincke ? prepared p-benzyl-
benzoic acid from p-benzyltoluene and ob-
tained p-toluenephenylketone as a by-
product. Rivkin? boiled diphenylmethane
for several hours with 659% HNO; and ob-
tained benzophenone in good yield to-
gether with  a-nitrodiphenylmethane.
Nothing is mentioned about ring nitrated
by-products.

It has now been shown that the methyl-
ene group in diphenylmethane and benzyl-
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Experimental: Oxzidation of diphenylmethane.
The oxidations were performed in an autoclave
of stainless steel according to a general proce-
dure reported in a previous paper ?. Diphenyl-
methane and nitric acid of 30 9%, concentration
in & 30 % equivalent excess were heated in the
autoclave with stirring to 150° C. At this tem-
perature the reaction started and no more

Acta Chem. Scand. 9 (1955) No. 1

177

external heating was needed. The pressure
rose to 25 kg/em? and the temperature to
195° C in a few minutes. Then the tempera-
ture was kept around 195° C for approximately
15 minutes. After cooling the reaction mixture
was filtered (the mother liquid contained 6.1 9,
HNOy), and the reaction product was washed
with water and dilute Na,COjs-solution. It
was then fractionated to give a main fraction
with the analytical data tabulated in Table 1.
As a comparison, data on benzophenone and
diphenylmethane from the literature have been
tabulated.

Table 1.

Oxidation Benzo- Diphenyl-
product phenone methane

Boiling point °C B.p.; 150 B.p.,0161 B.p.;;120
Density D’ 1.1007  1.1108  1.0060

Refract. index ng, 1.6080 npy1.6077 npl.5768

cY% 85.1 85.8 92.9
HY, 4.9 5.5 7.1

Ozidation of benzyltoluene. Benzyltoluene
(mixture of isomers, Dy =0.999, npy—1.5723)

72 g, and HNOg of 15 9, concentration in a
20 % equivalent excess (for the oxidation of
benzyltoluene to benzoylbenzoic acid and re-
duction of HNO; to NO), were heated in a
2.5 liter autoclave. When the reaction had
started, the temperature rose to 200° C and the
pressure to 25 kg/em? in a few minutes. The
autoclave was then allowed to cool off and after
filtering and washing with water and drying
& yellow product was obtained. This was dis-
solved in NaOH of 10 9% concentration and
after filtration reprecipitated with HCL. The
yield was 72 g. Part of the crude product
(20 g) did not dissolve in NaOH (melting point
104—109° C). Another experiment (No. 2) was
run in the same way but using a 50 %, excess
of nitric acid. The temperature rose to 203° C
and the pressure to 32 kg/cm?2 This product
was not reprecipitated from the Na-salt but
analysed directly after washing with water
and drying. Yield 73 %, The values may be
seen from Table 2. As a comparison theoreti-
cal values for benzoylbenzoic acid are tabu-
lated.

Another three experiments were run in the
same way at the same temperature and pres-
sure as No. 2. The mother liquid from these
experiments contained 3.4, 3.5 and 4.2 9
HNOj,, respectively, and the crude acids con- -
tained 0.7—0.9 % N (Dumas) and had the
equivalent weights 231.4, 232.5 and 246.6,
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Table 2.
Crude product Theoretical
No. 1 No. 2 data
Equiw. weight 231 228 226
N 9% 0.9 0.8 —_
C 9% 72.9 72.0 74.3
H 9% 4.3 4.3 4.4
Ash 9% 0.12 0.29 —

respectively. The average yield of crude
product was 88 %.

Also tried was the oxidation of benzyltoluene
according to this method, without excess of
nitric acid. Using 91 g benzyltoluene and the
equivalent amount of HNO, a temperature of
206°C and a pressure of 22 kg/em® were
reached. The reaction product was oily and
could be separated into 26 g of solid material
and 70 g of oil. After washing with benzene
the solid material weighed 11 g and had the
equivalent weight 237 and melting point 192—
193° C. (Literature value for p-benzoylben-
zoic acid 194° C.)

Finally some experiments were run with
HNO, of 15 9, concentration in a 50 9, excess
but this time the nitric acid was charged in two
portions. Half of the acid was charged from
the beginning and at 135—140°C the tem-
perature and pressure began to rise quickly,
the temperature reaching 180° C and the pres-
sure 30—40 kg/cm? in & few minutes. When
the temperature and pressure failed to rise
any more but started to decrease, the other
half of the nitric acid was placed into the auto-
clave and the temperature was brought up to
about 200° C by external heating. The reac-
tion was comparatively slow during this se-
cond phase. Operating this way an increase in
capacity was possible. In each experiment 182
grams of benzyltoluene was oxidized in & 2.5
liter autoclave. The result of this series may
be seen from Table 3. As usual the figures for
temperature and pressure refer to maximal
values.

Table 3.

Tempera- Pressure Yield Equiv. - N

ture weight (Dumas)
°C  Kglem* 9% %
197 34 94.0 225.7 0.6
201 36 93.0 228.2 0.8
200 39 97.5 234.6 0.7
198 40 88.5 218.4 0.7

Such a crude acid mixture was purified with
80, in alkaline solution according to a proce-
dure described in a previous paper ® and was
then free from nitro compounds. (Yield 79 %).
It was heated (100 g) in 96 9%, H,SO, at 130° C
for 1 hour and after cooling the solution was
diluted with water. After washing with water
the precipitate was treated with Na,CO,. The
part of the product which was not soluble in
Na,CO; was washed with water and dried.
The melting point. was 278°C. (Literature
values for antraquinone 273-—286°C.) Yield
41 g. The product was identified in ultra-
violet spectrophotometer as antraquinone.
The Na,COjs-solution was acidified with H,SO,
and 47 g of a product, melting at 190° C was
obtained. (Literature value for p-benzoyl-
benzoic acid 194° C.)

The author wishes to thank Dr. Allan
Dahlén and Dr. Bo af Ekenstam for their help-
ful interest in this work and for valuable dis-
cussions.
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dicarboxylic acid and pointed out the im-
portance of studying aliphatic a,a’-dimer-
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carboxylic acid)® and 1,2-dithiacyclohep-
tane-3,7-dicarboxylic acid *.

The expectations of Fredga ! have been
realised by the discovery of ’’6-thioctic
acid” (6,8-dithio-n-octanoic acid) and the
important role this acid plays as a coen-
zyme ® and in the photosyntheses ®. It is
the author’s intention to synthesize lower
homologues of 6-thioctic acid, to study the
labile 1,2-dithiolane ring and to investigate
the characteristics of these compounds as
a function of the length of the side chain.
The investigation is in progress. This publi-
cation deals with the synthesis of rac.-
1,2-dithiolane-3-carboxylic acid and preli-
minary experiments on its optical resolu-
tion. o

Methyl a,y-dibromo-butyrate (prepared
from a,y-dibromo-butyryl bromicﬁ) 7) was
treated with potassium thiol-acetate ® and
hydrolyzed with alkali to give a,y-dimer-
capto-butyric acid. Oxidation of the mer-
capto-acid was carried out with iodine ®,
oxygen 1 and hydrogen peroxide, but
mostly polymeric products were formed.
Experiments on oxidation to get a higher
yield of the monomeric five-membered
cyclic disulphide are in progress. The
dithiolane-carboxylic acid was extracted
with benzene in which the polymeric
products are insoluble. Extraction with
ether is unsuitable because part of the
polymers is soluble in "that solvent.
The acid was obtained as a beautifully
crystalline product of pale-yellow colour.
On heating it is readily polymerized to a
tough rubber-like mass. Attempts to distil
the acid in vacuum also gave a polymeric
mass. ,

Reduction of 1,2-dithiolane-3-carboxylic
acid with zinc powder in ammoniacal solu-
tion yielded dimercapto-butyric acid. This
indicates that the structure >S = S for
the disulphide group is excluded.

1,2-dithiolane-3-carboxylic acid was ob-
tained in two different crystalline forms
having the melting points 80—82° and
147°. Their ultraviolet absorption spectra
are identical, with an absorption peak at
280 my, which means a shift from Amax 330
myu for 1,2-dithiolane and 6-thioctic acid.
When another carboxylic group is inserted,
the shift to shorter wavelengths is still
greater. Schotte* has found that 1,2-
dithiolane-3,5-dicarboxylic acid has Amax
250 my.

The dissociation constant of the acid
was preliminarily determined by measuring
the pH of a solution of equivalent quanti-
ties of the acid and its sodium salt.
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Fig. 1. Ultraviolet absorption spectra of 1,2-
dithiolane-3-carboxylic acid in 95 Y ethanol,
1.55 x 10-* M.

Preliminary experiments on resolution
have been carried out. With brucine and
quinidine no crystals could be -obtained
and (4 )-a-phenylethylamine gave a salt
containing inactive acid. A dextrorotary
acid was, however, obtained from the
cinchonidine salt, crystallized from dilute
alcohol. The mother liquor yielded crystals
of different form containing excess of
(—)-acid.

Experimental. Methyl a,y-dibromobutyrate.
The ester was obtained from abs. methanol
and @,y-dibromobutyryl bromide (B.p. 106—
107°/9 mm. Plienninger gives no boiling point)
in quantitative yield. B.p. 101—102°/9 mm.

Methyl-a,y-di-thiolacetoxy-butyrate. 139 g of
methyl a,y-dibromobutyrate in 200 ml metha-
nol was treated with an ethanolic solution of
potassium thiolacetate prepared by neutraliz-
ing 90 g of thiolacetic acid with a solution of
66 g of potassium hydroxide in 200 ml metha-
nol. There was an immediate precipitation of
potassium bromide, which after standing over-
night was filtered off and the methanol eva-
porated. Water was added, and the oil extrac-
ted with ether. The dried ethereal solution
was evaporated and distilled to give 107 g
(80 %) of pale yellow ester b.p. 178—179°/10
mm. About 10 gram distilled over below 178>
and was shown to contain bromine.

a,y-Dimercapto-butyric acid. 55 g of the ester
was treated with 800 ml (675 . ml of methanol
and 125 ml of water) 2 N sodium hydroxide.
After standing over-night, the methanol was
distilled at 760 mm in nitrogen atmosphere in
order to avoid oxidation. By treating the resi-
due with dilute sulfuric acid and extracting
with ether 38 g crude mercapto-acid was
obtained as a yellow oil. The acid eontained
some acetic acid.
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1,2-Dithiolane-3-carboxylic acid. The crude
mercapto-acid was neutralized with 1 000 ml
of dilute sodium-bicarbonate solution, and 2
ml 1 %, ferric chloride was added, resulting in
a solution of deep blue colour. With mecha-
nical stirring and cooling with ice, 30 9
hydrogen peroxide was added until the blue
colour disappeared. The solution was acidified
with sulfuric acid and extracted with benzene.
(Part of the product was insoluble in benzene,
but could be extracted with ether.) The ben-
zene solution was dried and distilled. The
crystallized residue weighed 5 g (15 %, calcula-
ted on methyl a,p-di-thiolacetoxy-butyrate).
Recrystallization from cyclohexane-benzol gave
very pale yellow ecrystals m.p. 81—82°,
(Found: Eq. wt. 150.6; S 42.61; Mol. wt. 147.
Cale. for C;Hg0,8,: Eq. wt. 150.2; S 42.69;
Mol. wt. 150.2.) The molecular weight was
determined ebullioscopically in acetone. From
the acetone solution the acid was recovered as
large crystals m. p. 147°,

Oxidation with gaseous oxygen using ferric
chloride as catalyst and oxidation with iodine
gave about the same yield as the peroxide
oxidation.

Reduction. The polymeric acid was almost
quantitatively reduced to the mercapto-acid
with zinc powder . (Titr. with NaOH and I,
gave: Eq. wt. 152.8 and 160.1; Cale. for
CH30,8,: Eq. wt. 152.2.)

Preliminary experiments on resolution. 0.15 g
(0.001 mole) of rac. 1,2-dithiolane-3-carboxylic
acid and 0.29 g (0.001 mole) of cinchonidine
were dissolved in 2 ml ethanol and 1 ml water
was added. Crystallization overnight yielded
0.20 g of salt. The acid was liberated from its
salt in the usual manner. The rotatory power
was measured in alcohol. M. p. 60—62°.

l[alp = + 168°

Preliminary value of the dissociation constant.
In a solution of 1.090 x 10-¢ moles of 1,2-di-
thiolane-3-carboxylic acid and 1.090 x 10-4
moles of its sodium salt in 15 ml water the pH
was found to be 3.42.

The author wishes to express his gratitude
to Professor Arne Fredga, who suggested this
problem, for valuable advice and stimulating
discussions.
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The crystal field of Bethe! has been
applied to the first transition group by
Ilse and Hartmann 2, Santen and Wierin-
gen ® and Orgel ¢. Ballhausen and the pre-
sent authors -¢ have extended these appli-
cations, and in this communication special
attention will be drawn to the energy de-
crease due to crystal field perturbations on
complex ions with an unfilled 3d-shell.
Table 1 gives the data for crystal fields
with cubic symmetry (originating from
octahedral and tetrahedral complexes).
In the cases where the complexes with dif-
ferent total spin quantum number are
known, also the lowest value of S obser-
ved in complexes is considered. The stabi-
lization parameter is defined: ¢ = 2a— 3b,
where & is the number of y;- and b the
number of ys-electrons in a strong crystal
field of cubic symmetry %8 The two states
¥s and v, of one d-electron have the ener-
gies B, and E, respectively 2. The energy
difference (E;—E,) in tetrahedral com-
plexes ¢ equals —%(E,—E,) in octahedral
complexes. Thus, the tetrahedral con-
figuration gives much lower crystal field
influences than the corresponding octa-
hedral configuration. The energy of the
groundstate in terms of g is decreased by

s—(El—E,) relative to a similar ion of
spherical symmetry, i.e. a closed shell
with L = 0. Since (E,—E,) in octahedral
complexes in the first transition group is of
the order of magnitude® 10000 cm-!
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Table 1. Stabilization of ground-states in strong crystal fields of cubic symmetry.
]
ﬁlectron Examples T(_)ta.l S?:li)?l?z:ﬁzil c0m(l))xl-;,)}iitet:,!l StT:lffl?::l:iiZ;'l * (ﬂgﬁ;‘z
umber spin §
parameter ¢ degeneracy e parameter—g degeneracy e
de Cat+, Set++ 0 0 1 0 1
a Ti+++ 3 2 3 3 2
dz V+++ 1 4 3 6 1
a V++, Crt+++ 3 6 1 4 3
a¢ Crt+, Mn+++ 2 3 2 2 3
1 8 3 7 3
a Mn++, Fet++ 0 1 0 1
1 10 3 10 3
d¢ Fet++, Cot++ 2 2 3 3 2
0 12 1 8
d? Cot+ 3 4 3 6 1
' 3 9 2 6
ds Nit++ 1 6 1 4 3
0 6 2 4 3
d® Cut+ 3 3 2 2 3
d° Zn++, Gat++ 0 0 1 0 1
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The current theories ® on covalency in
coordination compounds assume donation
of twelve electrons from the ligands to the
central ion in octahedral complexes, form-
ing hybridizations of the dsp®-type. It
does not seem accidental that precisely the
two empty ys-orbitals are used for this
oFerat,ion. The deviation from the spheric-
al symmetry of the d-shell (i.e. o being
# 0) corresponds to a preferred location of
ligands in the directions of the empty ;-
orbitals, which are the spherically sym-
metric complement to the filled ys-orbitals.
In the authors’ opinion, it does not seem
necessary to explain the electrostatic
energy decrease by further addition of
electron-pair formation of donated char-
acter. The tetrahedral sp*-hybridizations,
which are said to occur in ions with no
crystal field perturbations, constitute as
peculiar a hypothesis in coordination chem-
1stry. While the explanation of chemical
bonding between four hydrogen atoms each
with one un-paired electron and a carbon
atom with four un-paired electrons is so
successful, the similar treatment of zinc(II)
or beryllium(II) complexes does not easily
compete with the electrostatic picture
according to Fajans 1°.

In Table 1, the orbital degeneracy e is
also given for all the groundstates except
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when it cannot be certainly predicted from
atomic spectroscopy. Only in the cases
for which ¢ = 1 are the complexes stable 1
for crystal fields of Eurely cubic symmetry.
For other ¢ values the crystal fields must be
somewhat distorted; for e = 2, to tetrago-
nal, and for e = 3, to rhombic or tetragonal
symmetry. Crystal field calculations ex-
plain easily %7 the ocourrence of tetragonal
symmetry in copper(II) or in diama.fgnetic
nickel(IT) complexes with no need of dsp*-
hybridization. If complexes are classified
according to e = 1 and ¢ = 2 or 3, it is
interesting to compare the absorption
sgectra a8 well as the consecutive com-
exity constants in the various cases.
us displacements of bands towards lower
" wavenumbers by increasing symmetry of
the crystal field are found only in systems
with e > 1 (e. g. in the cupric ammonia
system) and irregularities in the rest effects
are found e. g. to a higher degree in the
cobalt(II) ammonia system than in the
nickel(IT) system 1%p.57,

The activation energies are high only
when o(E,~E, is large and e =1.
Bjerrum and Poulsen !* found empirically
that half-completed and completed d-shells
(with ¢ = 0) and nearly complete d-shells
(with e > 1) give low activation energies,
which increase with the oxidation state for
purely electrostatic reasons, just as do the
complexity constants. In the robust com-
plexes (e.g. ¢ = 6 and ¢ =1 in chromium
(IIT) and nickel(II)) the activation energy
increagses with the value of (H,—E,),
which ¢ is 17 400 cm-! in [Cr(H,0),]*t++
and 7 600 ecm in [Ni(H,O0)]*++. If the
magnetism is changed during a consecutive
complex formation, a sudden change of
activation energies and complexity con-
stants are expected, as found in the cyanide
and a,a’-dipyridyl complexes of iron(II)¥.
Magnetically anomalous, octahedral com-
plexes should only be possible when

%(E’,—E’,) is larger than the energy of the
excited states in the free ion with low S,
and they are mainly restricted to the
electron configurations d® and d* with the
highest value of ¢. These facts will be
discussed in the following papers of the
series “'Studies of Absorption Spectra’’1%.
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Note on the Structure of
Dimethoxydihydrofurfural
Diacetate
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Centrallaboratoriet, Sadolin & Holmblad A[S,
Copenhagen, Denmark

y the action of bromine in methanol on
furfural diacetate Clauson-Kaas and
Fakstorp ! obtained an 81 9, yield of an
oily dimethoxydihydrofurfural diacetate
which by hydrolysis and oxidation with
}I)‘eriodic acid gave cis-f-formylacrylic acid.
'herefore the product must be a derivetive
of 2-pentene-1,5-dial-4-one (II) and it was
assumed to have structure I in analogy
with other dimethoxydihydrofurans. .
. When repeating the synthesis of dimeth-
oxydihydrofurfural diacetate a somewhat
lower yield (about 66 %) was regularly
obtained while the reaction product at the
same time contained about 15 9% of un-
reacted furfural diacetate. Since the meth-
oxylation of furfural diacetate is a slower
reaction than the usual furan methoxyla-
tion reactions, the discrepancy may be due
to a catalytic effect.
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/OMe H,0
MeO
07 \CH(0A¢),

I

On standig, a crystalline isomer was pre-
cipitated from the oily dimethoxydihydro-
furfural diacetate (yield 14 9%). Treatment
of this crystalline dimethoxydihydrofurfu-
ral diacetate with sodium methoxide in
methanol gave a liquid with the formula
CsH,O,(OMs),. Catalytic hydrogenation
gave a liquid C;H,O(OMe),(OAc),, which
with sodium methoxide gave & third liquid
CsH,0,(OMe),. We think that these reac-
tions are best explained as shown below,
where structure ¥ (either the cis or the
trans form) is assigned to the crystalline
dimethoxydihydrofurfural diacetate, while
the three liquids are proposed to be the
new 2,6-dimethoxy-2,5-dihydrofurfural
(ITI), 2,5-dimethoxytetrahydrofurfural di-
acetate (IV) and 2,5-dimethoxytetrahydro-
furfural (V), all having the same steric
configuration as I at the a-carbons.

The mother liquor from the crystalline
dimethoxydihydrofurfural diacetate (I)
gave, with sodium methoxide, a dark red
solution, from which 9 9% of the liquid
CsH,0,(OMe), (2,5-dimethoxy-2,5-dihydro-
furfural (IIT)) was isolated. The main part
of the reaction product remained as a red
mass. Very probably III is formed from a
certain amount (about 11 %) of I, which
has remained in the mother liquor, the
total yield of I thus being about 22 %,.
The major component of the mother liquor
can, on the other hand, not be one of the
two stereoisomeric forms of I, but must be
another derivative of 2.pentene-1,5-dial-
- 4-one (IT). So far we have not been able to
elucidate its structure.

Ezxperimental. (Microanalyses by E. Boss
and K. Glens). Isolation of crystalline dimeth-

OMe
MeO:

O
I

81 9, j Pt0,,H,

MeO

O
Iv
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CH=—=CH
CIHO CO—CHO
II

NaOMe
—_
H(OAc); 779,

, OMe  NaOMe
—_—
H(OAc), 77 %
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HeJOy cH——CH
| | + HCOOH
70 %

CHO COOH

oxydihydrofurfural diacetate (I). Furfural di-
acetate (39.6 g) was methoxylated as descri-
bed by Clauson-Kaas and Fakstorp!. The
yield of the reaction product (slightly yellow
oil, b.p., 119—125° 73, 1.4404) was 31.1 g
(60 %, three other preparations gave 61, 63
and 67 %) (Found: C 50.8; H 6.4; OCH, 20.4;
COCH, 34.8. Calec. for C;H,04(0CH,),(COCH,),
(260.2) containing 15 % of C;H,04(COCH,),
(198.2): C 51.3; H 6.0; OCH, 20.4; COCH,
34.7).

30.0 g of the reaction product was left stand-
ing at room temperature for five weeks, &
precipitate of white crystals of I removed by
filtration (4.26 g = 14 %) and the filtrate
(np 1.4498) analysed (Found: C 50.8; H 6.4;
OCH, 19.0; COCH, 34.8. Calc. for C;H,O,
(OCH,),(COCH,), (260.2) containing 18 %, of
C;H,04(COCH;), (198.2): C 51.5; H 6.0; OCH,
19.6; COCH, 34.9).

The crystals were crystallized from methanol
(4.5 ml) and washed twice with methanol (4
ml in all). Hereby 3.04 g of & product melting
at 110—111° (Hershberg apparatus corr.) was
obtained. Further crystallization did not
change the m.p. (Found: C 50.8; H 6.3;
OCH, 23.6; COCH, 33.5. Calc. for CyH,O,
(OCH,),(COCH,), (260.2): C 50.8; H 6.2;
OCH, 23.9; COCH, 33.1).

The acetyl determinations were carried out
by acidimetric titration at room temperature
(phenolphthalein indicator). In the usual de-
terminations (distillation of acetic acid from
& 48 % sulfuric acid solution) acetyl values
about 30 9% higher than the calculated amount
were obtained. We believe this to be due to
hydrolytic cleavage of 2-pentene-l,5-dial-4-
one (II) with the formation of formic acid.

OMe
MeO
(o) CHO

11X

OMe
MeO
(0}
v

CHO
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2,5-Dimethoxy-2,5-dihydrofurfural (II1). 1
(3.01 g, 0.116 mole) was dissolved in methanol
(10 ml) and the solution added to a solution of
sodium methoxide (from 0.266 g of sodium;
0.0116 mole) in methanol (15 ml). After stand-
ing at room temperature for 156 minutes the
methanol and the methyl acetate formed by
the reaction were distilled in a vacuum. Ether
(60 ml) was added to the colorless residue, a
precipitate of sodium acetate (0.88 g = 93 9,)
removed by filtration and the ether solution
distilled. The yield was 1.40 g (77 %) of III
(colorless liquid, b.p.,, 88°, nf 1.4430) (Found:
C 53.3; H 6.8; OCH, 39.6. Cale. for C;H,O,
(OCHg), (158.2): C 53.2; H 6.4; OCH, 39.3).

On standing the product changes into a
more viscous liquid with a higher refractive
index. Probably polymerization takes place.
Redistillation of 1.20 g after 10 days gave 0.74
g of the original product (b.p.s 98°, n}y1.4431).

2,5-Dimethoxytetrahydrofurfural diacetate
(IV). I (2.34 g) was dissolved in dioxan
(60 ml) and the solution shaken (3 hr) with
Adams platinum oxide catalyst (100 mg) under
hydrogen (70 atm). The product was isolated
by distillation. The yield was 1.92 g (81 %)
of IV (colorless liquid, b.p..; 97—99°, n},
1.4398) (Found: C 50.7; H 7.2; OCH; 23.5;
COCH, 31.8. Calc. for C;HO4(OCH,),(COCH,),
(262.3): C 50.4; H 6.9; OCH, 23.7; COCH,
32.8).

2,5-Dimethoxytetrahydrofurfural (V). IV
(3.00 g) was treated with sodium methoxide
as described above for the preparation of III.
The yield was 1.40 g (77 %) of V (slightly
yellow liquid, b.p.,, 82—84°, n}§ 1.4307)
(Found: C 52.9; H 7.9; OCH, 38.9. Calc. for
C,H,0,(0CH,), (160.2): C 52.5; H 7.6; OCH,
38.7).

The following day the refractive index of the
product had risen to 1.4323. Redistillation of
1.23 g gave 1.02 g of the original product
{colorless liquid, b.p.,, 82—83°, n{ 1.4306).
Apparently V, like the corresponding dihydro-
furan III, polymerizes on standing.

Reaction of liquid dimethoxydihydrofurfural
diacetate with sodium methoxide. A portion
(15.0 g) of the mother liquor from the isolation
of I was treated with sodium methoxide in
methanol and the red reaction mixture worked
up as described for the preparation of III.
The yield was 0.82 g (9 %) of III (b.p,, 93—
94°, n¥ 1.4450) (Found: C 53.0; H 6.65

OCH, 39.2).

1. Clauson-Kaas, N., and Fakstorp, J. Acta
Chem. Scand. 1 (1947) 415,
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Fixation of Nitrogen by Nodules
Excised from Illuminated and
Darkened Pea Plants

ARTTURI I. VIRTANEN, TAUNO MOISIO
and R. H. BURRIS*

Laboratory of the Foundation for Chemical
Research, Biochemical Institute, Helsinki,
Finland, and Department of Biochemistry,
University of Wisconsin, Madison,
Wisconsin, U.S.A.

In the symbiotic nitrogen fixing system
of leguminous plant and root nodule
bacteria, the photosynthesizing plant must
translocate substrates to the mnodule to
support its general respiration and growth,
to supply energy for nitrogen fixation, and
to accept the fixed nitrogen. There is little
information to indicate how rapidly these
substrates are exhausted after photosyn-
thesis ceases. Lindstrom, Newton and
Wilson ! have demonstrated a progressive
snd marked decrease in nitrogen fixation
by red clover plants when they are darken-
ed. Virtanen ? has reported the conver-
sion of leghaemoglobin to a green pigment
in the nodules of plants kept in the dark,
and found that such a conversion is con-
nected with the inactivation of the nitro-
gen fixing system. The present experi-
ments show that there is a striking and
rapid decay in the nitrogen fixing capacity
of nodules on darkened plants.

Torstai peas were planted in a sand
substrate on June 30, were inoculated with
Rhizobium leguminosarum strain H-43, and
were furnished a nitrogen-free nutrient
solution during their period of growth in a
greenhouse. The plants, in early flower,
were approximately 6 weeks old at the
time of the experiments, and they were
green, vigorous, and well nodulated. The
nodules had red centers indicative of the
presence of abundant leghaemoglobin.

At harvest the sand was rinsed from the
roots, and the nodules were removed from
the roots and placed immediately in a small
respirometer vessel. The vessel on a War-
burg manometer was evacuated 3, flushed
twice with O, and reevacuated; a mixture

* Fellow of the John Simon Guggenheim
Memorial Foundation; supported in part by
the Research Committee of the Graduate
School, University of Wisconsin.
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-of N, and O, to give a pN, of 0.1 atmos-
phere and a pO, of 0.2 atmosphere was
added followed by argon to atmospheric
pressure. The N, contained 60 atom % *N
excess. The process of preparing the nodu-
les and gassing them required from 16 to
33 minutes. The nodules, after being sha-
ken in the respirometer for 2 hours, were
ground. with a mortar in 1.0 N HCIl, and
centrifuged. The sedimented material was
discarded and only the acid-soluble portion
of the nodules was analyzed (Table 1).

When the experiment was initiated, some
of the pots of peas were placed in a large
dark room, and the others remained in the
greenhouse where they received unsupple-
mented summer daylight. The experiment
was started at 12 noon on August 9, a
bright day. After 24 hours in the dark some
of the plants were returned to the green-
house. August 10 and 11 were dull, rainy
days, but the morning of August 12 again
was sunny. -

Although there was but one sample at
the initial harvest, it is notable that on
this day, when the plants were exposed to
high light intensity, their nodules gave the
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highest fixation of Ny. Fixation by nodules
from the lighted plants was much less at
the 8 o’clock harvest August 10 than ini-
tially; fixation improved somewhat by
noon but decreased again by noon August
11. At noon August 12, a bright day, the
nodules maintained approximately the
same level of fixation as on the previous
day.

One sample from the darkened plants
retained considerable nitrogen fixing capa-
city at 8 o’clock August 10, but the amount
of nitrogen fixed by nodules harvested from
darkened plants at 12 o’clock was very low.
The ability to fix nitrogen continued to
decay for the next 2 days. The plants
returned to the greenhouse after 24 hours
in the dark recovered their nitrogen fixing
capacity only partially.

No gross change in the pigment of the
nodules from the darkened compared to the
illuminated plants was apparent after 24
hours, and only a slight decrease in pig-
ment of the darkened plants occurred in 48
hours. At the final harvest (72 hours)
the nodules of the darkened plants remai-
ned firm but were distinctly green inside

Table 1. Influence of illuminating and darkening pea plants on fization of nitrogen by their excised
nodules. All data are given as atom9, 1°N excess in the portion of the ground nodules soluble in

1.0 N HCL.
Time of Atom 9, 15N excess in
harvest Treatment of plants nodu{zb extract **
12: 00, Aug. 9 initial control sample 0.627
8:00, » 10 greenhouse light * 20 hours 0.220, 0.213
8:00, » 10 darkened 20 hours 0.033, 0.210
12:00, » 10 greenhouse light 24 hours 0.417, 0.517, 0.520
12:00, » 10 darkened 24 hours 0.032, 0.022, 0.019
12 : 00, Aug. 11 greenhouse light 48 hours 0.389, 0.396
12:00, » 11 darkened 48 hours 0.012, 0.022
12:00, » 11 darkened 24 hours, returned to greenhouse
24 hours 0.233, 0.279
12:00, » 12 greenhouse light 72 hours 0.368, 0.398
12:00, » 12 darkened 72 hours 0.005, 0.007
12:00, » 12 darkened 24 hours, returned to greenhouse :
48 hours 0.203, 0.126

* The normal daylight in the greenhouse was not supplemented with artificial illumination.
Nights are still comparatively light about August 10 in Helsinki, but the morning in question
was cloudy and rainy why light intensity was low. The poor effectivity of the nodules probably

depends on this.

** We wish to thank Mr. Wayne E. Magee and Mr. Michael K. Bach for the analysis of the

samples for 1°N.
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Fig. 1. Influence of illumination of pea plants

on fization by their nodules when exised. Verti-

cal lines define the extreme values of replicate
samples.

and exhibited a marked decrease in leghae-
moglobin. The nodules from the illumi-
nated plants were indistinguishable from
those of the darkened plants which had
been returned to light.

It seems most likely that the rapid decay
of the nitrogen fixing capacity of nodules
from plants kept in the dark for 24 h for
the most part arises from depletion (and
their rapid recovery in the light from rene-
wal) of substrates furnished normally by
the photosynthesizing plant, but partly
also from ti,el decrease in leghaemoglobin
in the nodules. Virtanen * has showu that
the oxydation of this pigment to a green
one checks N,-fixation, and & recent in-
vestigation by Virtanen and Berg has
shown that a smaller part of leghaemo-
globin is destroyed even during 24 h in
darkness. Thus it can be understood that
the transfer of plants to light causes a par-
tial recovery OF the effectivity of the root
nodules, but far from the whole of it.

Whatever the basis for the observed
response may be, the data clearly show
that the nodules from pea plants kept in
the dark have far less capacity for fixing
N, than nodules from illuminated plants,
and that the lost activity can be partially
recovered by returning the plants to the
light. It would be of interest to employ the
isotopic method to determine in greater
detag the rate of decay and recovery of
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nitrogen fixing capacity, the time required
before the injury to the nitrogen fixing
capacity becomes irreversible, and the in-
fluence of light intensity on the fixation
process.
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Estimation of Keto Acids in
Plants

MAGNUS ALFTHAN and ARTTURI I. VIRTANEN

Laboratory of the Foundation. for Chemical
Research, Biochemical Institute,
Helsinki, Finland

In the study of keto acids the paper
chromatography of their 2,4-dinitro-
phenylhydrazones has been used. As the
hydrazones of keto acids form multiple
sgobs on the chromatogram, thus making
the identification of the spots uncertain,
unknown keto acids are difficult to dis-
cover. In order to elucidate unknown acid
hydrazones in urine, Kulonen! reduced
the hydrazones to the corresponding amino
acids with aluminium amalgam according
to the old method reported by Fischer %,
and investigated the amino acids by paper
chromatography. Later Towers, Thomp-
son, and Steward ® used a similar method,
the reduction being made catalytically.
We have also developed a modification
of the procedure which has already given
some interesting results regarding keto
acids in plants 4. An account of it is
given in the present paper. In our method
the reduction is achieved by tin in an
alcoholic hydrochloric acid solution, the
yield of hydrogenolysis being comparat-
ively good. The purification of the acid
hydrazones obtained from the plant mater-
ial was made according to Virtanen et al.*

Procedure. 1. Preparation of the plant
extract. The plant material (usually about 100
g fresh wt.) was homogenized 3 times in a -

Acta Chem. Scand. 9 (1955) No. 1
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and exhibited a marked decrease in leghae-
moglobin. The nodules from the illumi-
nated plants were indistinguishable from
those of the darkened plants which had
been returned to light.

It seems most likely that the rapid decay
of the nitrogen fixing capacity of nodules
from plants kept in the dark for 24 h for
the most part arises from depletion (and
their rapid recovery in the light from rene-
wal) of substrates furnished normally by
the photosynthesizing plant, but partly
also from ti,el decrease in leghaemoglobin
in the nodules. Virtanen * has showu that
the oxydation of this pigment to a green
one checks N,-fixation, and & recent in-
vestigation by Virtanen and Berg has
shown that a smaller part of leghaemo-
globin is destroyed even during 24 h in
darkness. Thus it can be understood that
the transfer of plants to light causes a par-
tial recovery OF the effectivity of the root
nodules, but far from the whole of it.

Whatever the basis for the observed
response may be, the data clearly show
that the nodules from pea plants kept in
the dark have far less capacity for fixing
N, than nodules from illuminated plants,
and that the lost activity can be partially
recovered by returning the plants to the
light. It would be of interest to employ the
isotopic method to determine in greater
detag the rate of decay and recovery of
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nitrogen fixing capacity, the time required
before the injury to the nitrogen fixing
capacity becomes irreversible, and the in-
fluence of light intensity on the fixation
process.
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Estimation of Keto Acids in
Plants

MAGNUS ALFTHAN and ARTTURI I. VIRTANEN

Laboratory of the Foundation. for Chemical
Research, Biochemical Institute,
Helsinki, Finland

In the study of keto acids the paper
chromatography of their 2,4-dinitro-
phenylhydrazones has been used. As the
hydrazones of keto acids form multiple
sgobs on the chromatogram, thus making
the identification of the spots uncertain,
unknown keto acids are difficult to dis-
cover. In order to elucidate unknown acid
hydrazones in urine, Kulonen! reduced
the hydrazones to the corresponding amino
acids with aluminium amalgam according
to the old method reported by Fischer %,
and investigated the amino acids by paper
chromatography. Later Towers, Thomp-
son, and Steward ® used a similar method,
the reduction being made catalytically.
We have also developed a modification
of the procedure which has already given
some interesting results regarding keto
acids in plants 4. An account of it is
given in the present paper. In our method
the reduction is achieved by tin in an
alcoholic hydrochloric acid solution, the
yield of hydrogenolysis being comparat-
ively good. The purification of the acid
hydrazones obtained from the plant mater-
ial was made according to Virtanen et al.*

Procedure. 1. Preparation of the plant
extract. The plant material (usually about 100
g fresh wt.) was homogenized 3 times in a -
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tungstic acid solution prepared just before use
by mixing water, 10 9, sodium tungstate, and
2/3 N sulphuric acid in the proportion 60:20:20
(v/v) according to Cavallini and Frontali?.
The homogenate was filtered through a cheese
cloth, the filtrates were combined and refilte-
red, this time through filter paper. The pro-
portion between plant material and total
extracting solution was in most cases 1:5
(w/v).

2. Reaction with dinitrophenyl hydrazin. The
combined extracts were mixed with a 19
solution of 2,4-dinitrophenyl hydrazine in 5§ N
HyS0, (1 ml/g fresh wt. of plant material,
Virtanen et al.®), and the reaction mixture was
allowed to stand at room temperature for
about 1 h. If a heavy precipitate was formed
during the reaction the mixture was filtered
once more.

3. Euxtraction. The reaction mixture was
extracted according to Virtanen et al.® with
ethyl acetate, and the ethyl acetate solution
was extracted with 10 9%, Na,CO;. The com-
bined soda phases were then acidified to about
pH = 1 with 3 N H,S80, and extracted with
ethyl acetate. By this treatment the keto acid
hydrazones could be separated from most of
the amino acids and neutral carbonyl com-
pounds in the original plant extract.

4. Hydrogenolysis. The final ethyl acetate
extract was evaporated in vacuo, the residue
was dissolved in 95 9, ethanol and an aliquot
(usually 2/3 or 4/5 of the solution, 1/3—1/5
being used as a control; see steps 6 and 7)
was hydrogenated with tin by passing gaseous
hydrochloric acid through the solution until a
strong evolution of hydrogen gas started.
Previously prepared HCl-ethanol was used in
some cases. The vessel used in the hydrogena-
tion was kept in an ice-water bath. The reac-
tion time used varied from 12—20 h.

5. Precipitation of the tin. The reaction
mixture was filtered, diluted with water, and
the tin-ions were precipitated with hydrogen
sulphide. The precipitate was then filtered

off and the filtrate taken to dryness in vacuo.
' 6. Purification with ion-exchange. The resi-
due was dissolved in water and passed through
an Amberlite IR-120 column (25 x 1.3 cm).
After washing the column with water the
amino acids formed during the hydrogenolysis
were displaced with 1 N NH,. The amino
acid solution which often had a brown colour
was concentrated in vacuo or on a waterbath.
The colour did not seriously interfere with the
subsequent paper chromatography. The re-
maining non-hydrogenated keto acid hydrazo-
nes from step 4 were treated with Amberlite
IR-120 in & similar way.

Acta Chem. Scand. 9 (1955) No. 1

7. Paper chromatography. The amino acids
formed were identified by two-dimensional
chromatography using Whatman No. 4 paper
and butanol-acetic acid and phenol 4+ NH, as
solvents. A corresponding amount of the
similarly treated non-hydrogenated keto acid
hydrazones was chromatographed as a control.
It never contained more than traces of some
amino acids present as contaminants.

Quantitative considerations. As to the
quantitativity of the method we have
obtained the following yields when treating
known amounts of keto acids in accordance
with the directions above: pyruvic acid
78 %, a-keto-butyric acid (impure prep.)
32 %, oxalacetic acid 61 9%, and a-keto-
glutaric acid 43 9%. The values are approxi-
mate obtained by comparing the spots of
the amino acids formed with spots of the
corresponding amino acids in different
concentrations. By starting directly from
the synthetic hydrazones the yield for
a-keto-butyric acid rises to about 60 %.
Towers, Thompson, and Steward 3, using
catalytical hydrogenation, got a yield of
65.3 9% with pyruvic acid hydrazone, 97 %
with glyoxylic acid hydrazone, but only
33.0 9% and 36 9 with the hydrazones of
oxalacetic and a-ketoglutaric acid, respect-
ively. Kulonen! in turn reports that the
method of Fischer which he used for
reduction is very unsatisfactory for the
investigation of a-ketoglutaric acid, or of
other dicarboxylic keto acids. The method
for reduction used by us has, as mentioned
above, given relatively good results both
with ketodicarboxylic acids and keto-
monocarboxylic acids. This has made the
discovery of several new ketodicarboxylic
acids possible 4%, The above mentioned
values show that quantitative considera-
tions are possible only if the yield of the
hydrazone hydrogenolysis is known for
each keto acid in question, the actual
amounts may thus be 30—70 % higher
than the amounts found on the chromato-
grams, in some cases possibly even higher.
Our experiments in agreement with those
of Towers, Thompson, and Steward ® have
also shown that 2,4-dinitrophenylhydra-
zone + ascorbic acid or dehydroascorbic
acid does not give rise to noticeable a-
mounts of amino acids during the hydro-
genation procedure. The ninhydrin spots
on chromatograms made from plant ex-
tracts by this method accordingly do not
contain compounds derived from the above-
mentioned substances. :
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New a-Keto Acids in Green Plants.

II. B-Hydroxy- and y-Hydroxy-
a-Ketobutyric Acid in Cowberries
ARTTURI L VIRTANEN and MAGNUS ALFIHAN

Laboratory of the Foundation for Chemical
Research, Biochemical Institute,
Helsinki, Finland

sing the method mentioned in our
Uearlier paper ! and in detail described
in & later paper* we have identified a
couple of new a-keto acids in some berries
and green plants.

In berries of cowberry (Vaccinium vitis
tdaea ) we identified the following a-keto
acids (Fig. 1) (in brackets the amino acids
formed by hydrogenolysis of the 2,4-di-
nitrophenylhydrazones of the correspond-
ing keto acids): oxalacetic acid (aspartic
acid), a-ketoglutaric acid (glutamic acid),
hydroxypyruvic acid (serine), glyoxylic
acid (glycine), y-hydroxy-a-ketobutyric
acid (homoserine), B-hydroxy-a-ketobu-
tyric acid- (threonine), and pyruvic acid
(alanine). f- and y-hydroxy-a-ketobutyric
acid are new a-keto acids which have not
earlier been found in any organism. The
relatively intense spots T and Y represent
unknown amino acids, and the correspond-
ing keto acids are therefore also unknown.

If we assume that about 60 9, of the
keto acids?® found in fresh cowberries
(10.2 % dry substance, 0.93 9 tot. N of
dry subst., 10.5% sol. N of tot. N) are
reduced to amino acids when our method

SHORT COMMUNICATIONS

Fig. 1. Berries of Vaccinium vitis
tdaea. Left: Two-dimensional paper chrom-
atogram (phenol-NH, and butanol-acetic acid )
of the non-reduced 24-dinitrophenylhydra-
zones. Practically no spots of amino acids.
Right: Two-dimensional paper chromatogram
of ther e d u c e d hydrazones. 1 = gly, 2 = ala,
8 = ser, 9 = threo, 16 = asp, 17 = glu, 51 =
homoser, T and Y = unknown amino acids. -+
3 = valine added.

is used, the amount of different keto acids
in 100 g of fresh cowberries are roughly the
following: oxalacetic acid 25 ug, a-keto-
glutaric acid 220 ug, pyruvic acid 130 ug,
hydroxypyruvic acid 40 ug, glyoxylic acid
30 ug, y-hydroxy-a-ketobutyric acid 20 ug,
and B-hydroxy-a-ketobutyric acid 10 ug.
As found by Alfthan and Virtanen ?* the
60 9% yield which has been the basis for
these calculations does not hold good for
all amino acids. As, however, only yields

Fig. 2. Berries of Oxycoccus quadri-

petalus. Left: Two-dimensional paper chro-

matogram of the non-reduced 2,4-dinitro-

phenylhydrazones. Practically no spots of

amino acids. Right: Two-di tonal pap

chromatogram of the redwuced hydrazones.
Note the very strong spot of 17.

Acta Chem. Scand. 9 (1955) No. 1
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B o
Fig. 3. Phyllitis scolopendrium.
Left: Two-di ional paper chromatogram of

the non-reduced 24-dinitrophenylhydrazo-

nes. Practically no spots of amino acids, except

extremely weak spots of 1 and 8. Right: Two-

dimensional paper chromatogram of the r e d u-

¢ e d hydrazones. In addition to 1, 2, 8, 1€, 17
the unknown amino acids V and P.

of a few amino acids formed from keto
acids are known we have used the above
mean yield.

In berries of mossberry (Oxycoccus quad-
ripetalus ) the keto acids are qualitatively

Diff. C-compounds
carbohydrates, fats

a-Hydroxy acids

X carboxylation
a-Keto acids

Amides of amino acids
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nearly the same as in cowberry (Fig. 2).
The keto acid corresponding to threonine
was not, however, to be found in cowberry,
at least not in the concentration used. The
keto acid corresponding to the unknown
amino acid Y was also lacking. The great
amount of a-ketoglutaric acid in mossberry
is especially remarkable.

Using the same basis for calculation as
before the amount of different keto acids in
mossberry (100 g of fresh berries) are
roughly the following: oxalacetic acid
50 ug, a-ketoglutaric acid 2 700 ug, pyruvic
acid 130 ug, hydroxypyruvic acid 25 ug,
and glyoxylic acid 35 ug.

In a fern (Phyllitis scolopendrium ) Vir-
tanen and Berg?® have found very large
amounts of an unknown acidic OH-contai-
ning amino acid P, and a smaller amount

. of another amino acid V. (cf. Fig. 3).

P
<

a-Keto acids

These authors are going to give a more de-
tailed account of the isolation, structure,
and properties of these new amino acids.
Our keto acid determinations show (Fig. 3)
that the keto acid corresponding to the
amino acid P occurs very abundantly in this
plant as compared with other keto acids,
as, according to Virtanen and Berg, the
amount of this amino acid is also by far the
greatest when compared with other free

Aldehydes +
a-Keto acids

apho prov “X0QIDNL

transamination . .
—eee a-Amino acids

X

a-Amino acids
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amino acids. The amount of the keto acid
corresponding to the amino acid V is much
smaller as is also that of the amino acid V
in comparison with other free amino acids.

It is often to be noted that a great
amount of an amino acid corresponds to a
great amount of keto acid, at least when
uncommon free amino acids are in question.
This gives support to the conception that
these amino acids may be formed from the
corresponding keto acids via transamina-
tion.

The occurrence of & number of different
a-keto acids corresponding to different
amino acids in plants is due to the fact
that these keto acids are either precursors
to, or deamination products of, the corre-
sponding amino acids. If deamination
occurs va transamination the keto acids
are both deamination products and -
cursors because the reaction is reversible,
the equilibrium depending on the concen-
tration of keto and amino acids participat-
ing in the transamination. Also the keto
acid formed wia oxidative deamination
can be transformed into the corresponding
amino acid via transamination. From
amino acids which are formed from other

SHORT COMMUNICATIONS

amino acids via specific reactions (as e. g.
homoserine from aspartic acid, threonine
from homoserine etc.) the corresponding
keto acid can be formed via deamination,
and from this again via transamination the
corresponding amino acid. The following
scheme presents different possible path-
ways for the formation of a-keto acids in
organisms and also for the formation of
amino acids and amides, respectively, from
a-keto acids.

The appearance of numerous widely dif-
ferent a-keto acids in plants gives further
proof for the importance of these acids in
plants.

We are very grateful to Dl; H. Huber,
Basel, for Phyllitis scolopendrium.

1. Virtanen, A. I. and Alfthan, M. Acta Chem.
Scand. 8 (1954) 1720.

2. Alfthan, M. and Virtanen, A. I. Acta Chem.
Scand. 9 (1955) 186.

3. Virtanen, A. I. and Berg, A.-M. Acta Chem.
Scand. (In press). :
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Effects of Ions on the Activity
of Enzyme Systems

W. J. Rutter and B. Rolander

Medicinska Nobelinstitutet, Biokemiska
avdelningen, Steckholm

The observed activity of many enzyme sys-
tems is a function of the ion population of the
medium. Recent kinetic studies from Theo-
rell’s laboratory 2-* have emphasized the role of
anions in determining the rates of certain en-
zyme reactions. In an effort to determine the
generality and the order of magnitude of these
ion effects, several additional systems have
been studied. The activity of the glucose-6-
phosphate dehydrogenase system was mark-
edly (as much as six fold) stimulated by low
concentrations of various ions, while at higher
concentration an inhibition was observed *.
The magnitude of the stimulation and the onset
of inhibition depended upon an interrelation-
ship between the concentration of the sub-
strate, TPN, and the concentration of the spe-
cific ions present. The older experiments 4°,
which indicated only a strong inhibition by
phosphate are probably a result of a very low
effective concentration of the substrate. Stu-
dies with various salts indicated that the obser-
ved effects were primarily determined by the
particular anion species present. The order of
magnitude of stimulation is roughly

F->P0O,~>ClI">Br->80,~>I">SCN-.
Large anions like glycyl-glycine and TPN are
poor activators, but the substrate, glucose-6-
phosphate is an effective “’anion activator’”.
The differences in stimulation produced by

* Hans Klenow, Imstitute of Cytophysio-
logy, University of Copenhagen, has indepen-
dently observed marked stimulation of this
enzyme by various ions. (Personal communi-
cation.)
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various cations was generally related to the
magnitude of contribution to the ionic strength
of the medium. The overall results favor the
concept of a non-specific ionic effect rather
than an interpretation which involves a heavy
metal requirement %7,

The observed activity of certain coupled
systems, for example the Zwischenferment-old
yellow enzyme system and the succinate oxi-
dase system is also related to the kind and con-
centration of anions present.

These effects have been interpreted accord-
ing to the general principles of solvation of
chemical reactions.
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Scand., 8 (1964) 1104.
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5. Negelein, E. and Haas, E. Biochem. Z. 282
(1935) 206.

6. Kornberg, A. J. Biol. Chem. 182 (1950)
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7. McNair-Scott, D. B. and Cohen, S. S. Bio-
chem. J. (London) 55 (1953) 23.

The Variation in the Structure of
Water on Gelation

Bertil Jacobson

Department of Biochemistry, Karolinska
Institutet, Stockholm, Sweden

X-ray diffraction patterns of various gels
were studied at 20° C in & Guinier camera em-
ploying CuKa radiation. The intensity curves,
obtained in the usual way from photometer
determinations of film densities, were correc-
ted for polarization and absorption.

13
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Dilute gels (0.3—2.0 %) of certain poly-
electrolytes (desoxyribonucleic acid, carboxy-
methylcellulose) and of a low molecular weight
substance (dibenzoylcystin) give similar dif-
fraction patterns with small but characteristic
differences from that of pure water at the same
temperature. The major peak at (sin®) [/ 4 =
0.16 A-1 ghifts toward smaller angles and the
height of the minor peak at 0.23 x"l increases
relative to the properties of pure water. There

also seems to be a tendency for-the minor peak

to shift toward larger angles.

From diffraction data it is known that the
structure of water changes with temperature 1.
With decreasing temperature the tendency of
& water molecule to bond itself tetrahedrically
to four other neighboring molecules increases.
This is observed as a shift in the major peak
towards smaller angles and of the minor peak
towards larger angles and in'an increase in the
height of the minor peak.

Thus the changes on gelation are qualita-
tively similar to those obtained in pure water
when the temperature is'decreased; that is, the
gel-forming substances produce a decrease in
the “’structural temperature’’ of the water.

The effect is opposite to that found with -

electrolytes which are known to increase the
“’structural temperature”’ 2,

The experimental results confirm the Fors-
lind theory of gelation * according to which
the thermal vibrations in the water lattice are
reduced  through a specific coupling to the
non-aqueous component of the gel. The stabili-
zation of the water is the result of.a structural
similarity between. the ideal, four-coordinated
water lattice and the positions ef the hydrogen
bond forming atoms on the surface of the non-
aqueous phase. :

An identical theory was developed in order
to explain certain physico-chemical properties
of desoxyribonucleic acid solutions 4. Dielectric
properties, viscosity and proton magnetic
resonance data were explained through assum-
ing the existence of large hydration shells with
a higher degree of water lattice order than that
prevailing in pure water. The present X-ray
diffraction data are in agreement ‘with the
theory that certain asymmetric macromole-
cules can stabilize the water lattice over distan-
ces of some hundred A.

1. Morgan, J. and Warren, B. E. J. Chem.
Phys. 6 (1938) 666.

2. Stewart, G. W. J. Chem. Phys. T (1939)
869. :
3. Fotslind, E. Proc. IInd Internat. Congr.
. Rheology, Oxford 1953, p. 50.
4. Jacobson, B. Nature 175 (1953) 666.

Carboxymethyl Chitin, a New
Substance Suitable for the Deter-
mination of Chitinase Activity
Eskil Hultin

Institutet for organisk kemi och biokemi,
University, Stockholm, Sweden

. The chitinases have not hitherto been in-
vestigated as extensively as could be expected
for enzymes that break down such a common
substance as chitin. This substance occurs in
large quantities both in several animals (e. g.,
crustaceans, insects and mollus¢s) and in
various plants (e. g., fungi). Chitinases are also
known from various sources, e. g., the ’liver’”
of snails, insect larvae, sperm, a variety of
bacteria, molds, and almonds.

The following substrates have been used for
the determination of chitinase activity: native
chitin, regenerated chitin (precipitated by
diluting a solution of chitin in cold concentra-
ted hydrochloric acid), chitosan (deacetylated
chitin), chitotriose and chitobiose. As chitin
is insoluble in water, it is not suitable as a
substrate for the determination of enzymic
activity. Chitosan is better for it is soluble in
buffer solutions with pH less than about 6.5.
In more alkaline solutions it is insoluble and
hence not suitable. It is surely not the same
enzyme 13 that attacks chitin and its oligo-

. saccharides (cf. amylase and maltase).

A new chitin derivate, not described previ-
ously, carboxymethyl chitin, is suggested now
as a substrate for the determination of chiti-
nase activity. It has not the disadvantages of

. the substances used previously.

The preparation . of carboxymethyl chitin.
Raw chitin is prepared in the well-known way,
e. g.," by treating shells of crustaceans with a
dilute acid. The chitin is dissolved in super-
saturated cold hydrochloric acid and precipi-
tated by adding water or alcohol. The regener-
ated chitin is heated on a water bath with
chloroacetic acid and a -strong solution of
sodium hydroxide in the way well-known for
the preparation .of carboxymethyl cellulose..
Native chitin does not react with sodium.
hydroxide and chloroacetic acid under these.
conditions. The reaction product is dissolved.
in water and after neutralization the sodium
salt of carboxymethyl chitin is precipitated by
adding alcohol. i

The determination of chitinase activity. A

" golution of carboxymethyl chitin is rather:

viscous, and so it is possible to run the deter-.

- mination of chitinase activity viscosimetrically-
' in the well-known way 2. This is advantageous

Acta Chem. Scand. 9 (1955) No. 1
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Effects of Ions on the Activity
of Enzyme Systems

W. J. Rutter and B. Rolander

Medicinska Nobelinstitutet, Biokemiska
avdelningen, Steckholm

The observed activity of many enzyme sys-
tems is a function of the ion population of the
medium. Recent kinetic studies from Theo-
rell’s laboratory 2-* have emphasized the role of
anions in determining the rates of certain en-
zyme reactions. In an effort to determine the
generality and the order of magnitude of these
ion effects, several additional systems have
been studied. The activity of the glucose-6-
phosphate dehydrogenase system was mark-
edly (as much as six fold) stimulated by low
concentrations of various ions, while at higher
concentration an inhibition was observed *.
The magnitude of the stimulation and the onset
of inhibition depended upon an interrelation-
ship between the concentration of the sub-
strate, TPN, and the concentration of the spe-
cific ions present. The older experiments 4°,
which indicated only a strong inhibition by
phosphate are probably a result of a very low
effective concentration of the substrate. Stu-
dies with various salts indicated that the obser-
ved effects were primarily determined by the
particular anion species present. The order of
magnitude of stimulation is roughly

F->P0O,~>ClI">Br->80,~>I">SCN-.
Large anions like glycyl-glycine and TPN are
poor activators, but the substrate, glucose-6-
phosphate is an effective “’anion activator’”.
The differences in stimulation produced by

* Hans Klenow, Imstitute of Cytophysio-
logy, University of Copenhagen, has indepen-
dently observed marked stimulation of this
enzyme by various ions. (Personal communi-
cation.)
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various cations was generally related to the
magnitude of contribution to the ionic strength
of the medium. The overall results favor the
concept of a non-specific ionic effect rather
than an interpretation which involves a heavy
metal requirement %7,

The observed activity of certain coupled
systems, for example the Zwischenferment-old
yellow enzyme system and the succinate oxi-
dase system is also related to the kind and con-
centration of anions present.

These effects have been interpreted accord-
ing to the general principles of solvation of
chemical reactions.
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The Variation in the Structure of
Water on Gelation

Bertil Jacobson

Department of Biochemistry, Karolinska
Institutet, Stockholm, Sweden

X-ray diffraction patterns of various gels
were studied at 20° C in & Guinier camera em-
ploying CuKa radiation. The intensity curves,
obtained in the usual way from photometer
determinations of film densities, were correc-
ted for polarization and absorption.
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Dilute gels (0.3—2.0 %) of certain poly-
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substance (dibenzoylcystin) give similar dif-
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temperature. The major peak at (sin®) [/ 4 =
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relative to the properties of pure water. There

also seems to be a tendency for-the minor peak

to shift toward larger angles.

From diffraction data it is known that the
structure of water changes with temperature 1.
With decreasing temperature the tendency of
& water molecule to bond itself tetrahedrically
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height of the minor peak.

Thus the changes on gelation are qualita-
tively similar to those obtained in pure water
when the temperature is'decreased; that is, the
gel-forming substances produce a decrease in
the “’structural temperature’’ of the water.

The effect is opposite to that found with -

electrolytes which are known to increase the
“’structural temperature”’ 2,

The experimental results confirm the Fors-
lind theory of gelation * according to which
the thermal vibrations in the water lattice are
reduced  through a specific coupling to the
non-aqueous component of the gel. The stabili-
zation of the water is the result of.a structural
similarity between. the ideal, four-coordinated
water lattice and the positions ef the hydrogen
bond forming atoms on the surface of the non-
aqueous phase. :

An identical theory was developed in order
to explain certain physico-chemical properties
of desoxyribonucleic acid solutions 4. Dielectric
properties, viscosity and proton magnetic
resonance data were explained through assum-
ing the existence of large hydration shells with
a higher degree of water lattice order than that
prevailing in pure water. The present X-ray
diffraction data are in agreement ‘with the
theory that certain asymmetric macromole-
cules can stabilize the water lattice over distan-
ces of some hundred A.

1. Morgan, J. and Warren, B. E. J. Chem.
Phys. 6 (1938) 666.

2. Stewart, G. W. J. Chem. Phys. T (1939)
869. :
3. Fotslind, E. Proc. IInd Internat. Congr.
. Rheology, Oxford 1953, p. 50.
4. Jacobson, B. Nature 175 (1953) 666.
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buffer solutions with pH less than about 6.5.
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as a substrate for the determination of chiti-
nase activity. It has not the disadvantages of

. the substances used previously.
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Raw chitin is prepared in the well-known way,
e. g.," by treating shells of crustaceans with a
dilute acid. The chitin is dissolved in super-
saturated cold hydrochloric acid and precipi-
tated by adding water or alcohol. The regener-
ated chitin is heated on a water bath with
chloroacetic acid and a -strong solution of
sodium hydroxide in the way well-known for
the preparation .of carboxymethyl cellulose..
Native chitin does not react with sodium.
hydroxide and chloroacetic acid under these.
conditions. The reaction product is dissolved.
in water and after neutralization the sodium
salt of carboxymethyl chitin is precipitated by
adding alcohol. i
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- mination of chitinase activity viscosimetrically-
' in the well-known way 2. This is advantageous
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because viscosimetric methods usually are
considerably more sensitive than other me-
thods. As the substrate is a polyvalent acid,
the ionic strength in the reaction mixture must
be kept constant (e. g., 0.1), and the concentra-
tion of multivalent cations should be as low
as possible. Addition of cysteine or other com-
pounds containing sulphydryl groups causes a
steady decrease in the viscosity of carboxy-
methyl chitin solutions. However, this diffi-
culty can be overcome — in the same way as
in the case of carboxymethyl cellulose 4 —
by adding a small amount of potassium ferri-
cyanide. ’

Senju and Okimasu® have described the
preparation of hydroxyethylchitin, which is
probably a suitable substrate for chitinase
determination but this has not yet been proved.

1. Zechmeister, L. and Toth, G. Naturwiss. 27
(1939) 367; Enzymologia T (1939) 165.

2. Zechmeister, L., Toth, G. and Vajda, E.
Enzymologia T (1939) 170.

3. Hultin, E. Acta Chem. Scand. 1 (1947) 269;
3 (1949) 697.

4. Hultin, E. and Sjégardh, I. Forthcoming
article. .

5. Senju, R. and Okimasu, S. J. 4gr. Chem.
Soc. Japan 23 (1950) 432, 437.

The Zimmermann Method

Sven Arrhenius

Kemiska Av;l(elnin_gen, Kungl. Veterinirhog-
skolan, Stockholm, Sweden

This method ! is the most frequently used in
steroid analysis. The sample is dissolved in
ethanol, made alkaline with KOH, and stained
with m-dinitrobenzene. If the sample contains
steroids with a ketogroup in position 17, the
extinction curve will show a flat maximum at
5300 A. In their absence the curve will only
slope towards longer wave-lengths. The reac-
tions causing the staining are not known. None
of the many variants of the method is accurate.
One source of error is the oxidation of ethanol
by the nitro compounds. The aldehyde thus
formed polymerises in alkaline solution.

m-Dinitrobenzene is soluble in most organic
solvents. As no staining will occur unless
pOH < 2, the only suitable solvents for the
reaction are the simplest alcohols. The tertiary
butanol is the only alcohol not oxidised by
m-dinitrobenzene. It was used for an investiga.-
tion of the Zimmermann reaction. The follow-
ing results were obtained: »

1. Alcaline solutions of pure m-dinitroben-
zene in tert. butanol have the same extinc-

Acta Chem. Scand. 9 (1955) No. 1
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tion curves as those described for stained 17-
ketosteroids. )

2. The intensity of the colour depends
mainly on the concentration of OH-. It ex-
plains why the colours disappears after a
couple of days. )

3. Some carbonyl compounds as acetal:
dehyde, acetone, cyclohexanone, and 17-keto-
steroids increase the extinction, and shift the
absorbtion maximum over to longer wave-
lengths (5 600 A). Easily enolised ketones and
formaldehyde have no or only slight influence
on the colour.

1. Zimmermann, W. Vitamine und Hormone
4 -(1944) 1.

The Incorporation in vivo of
Amino Acids into Subfractions of
Cytoplasmic Particles
Tore Hultin

The Wenner-Gren Institute, Stockholm,
Sweden

It has been shown previously 1,3 that in
chick liver the incorporation in vivo of labeled
amino acids is particularly high in the sub-
microscopic particulate components of the
cytoplasm.

Cl.glycine, N.glycine, or N15.pr.-alanine
were injected intravenously into chicks or rats.
The animals were killed 1—5 minutes after the
administration of the isotope. Fractions of
large and small submicroscopic particles were
prepared from homogenates of the livers by
differential centrifugation. (After removal of
the mitochondrial fractions, the homogenates
were centrifuged for 20 minutes at 20 000 g,
and subsequently for 40 minutes at 105 000 g).
After several washings, the particles were
repeatedly treated at 0° C with 0.2 M NaHCO,,
pH 8.4, and with 0.6 %, desoxycholate, pH 8.4.
The cholate extracts were further fractionated
by means of ethanol at low temperatures 3.

The isotope contents of the proteins were
consistently higher in the large microsomes
than in the small ones. In both fractions, the
carbonate extracts (which contained a major
part of the ribonucleie acid of the particles)
showed the highest isotope contents. In the
desoxycholate extracts, the proteins of the
higher ethanol fractions showed a higher iso-
tope level than the proteins of the more readily
precipitable fractions. The non-soluble resi-
dues obtained after the desoxycholate treat-
ments, had considerably lower isotope con-
tents. ’
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precipitable fractions. The non-soluble resi-
dues obtained after the desoxycholate treat-
ments, had considerably lower isotope con-
tents. ’



194

The experiments show that the submicro-
scopio liver cell particles are not homogeneous
but are composed of subordinate proteins with
different anabolic backgrounds or' different
rates of rebuilding.

1. Hultin, T. Exptl. Cell Research 1 (1950) 376.

2. Hultin, T. Arch. néerl. zool. Suppl. 1 (1953)
76.

3. Askonas, B. A, Biochem. J. (London) 48
(1951) 42.

Synthesis of Ureidosuccinic Acid
(USA) from Citrulline with Rat

Liver Enzymes
Peter Reichard and
Lloyd H. Smith Jr.
Department of Biochemistry, Karolinska
Institutet, Stockholm, Sweden

The isotope from citrulline-ureido-C is in-
corporated into position 2 of polynucleotide
pyrimidines of the pigeon in vivo! and into
orotic acid by rat liver slices . It has been
proposed that this incorporation takes place
via argininosuccinic and ureidosuccinic acids
(oitrulline + aspartate —» argininosuccinate -»
USA -» orotate -» polynucleotide pyrimidines).

With enzyme preparations from rat liver
mitochondria evidence has earlier been obtai-
ned for the following reactions in the bio-
synthesis of USA 3: .

NH, + CO; + ATP + acetylglutamate

—+ Compound X 4+ ADP (1)
Compound X + aspartate —» USA -+
acetylglutamate + P; 2

Reaoction (1) has been described by Grisolia
and Cohen 4 a8 one step in citrulline formation,
the other being: .
Compound X + ornithine —» Citrulline -

acetylglutamate + P; (3)

The possibility has now been investigatéd
that USA might be formed from citrulline
by a reversed reaction (3) followed by
reaction (2) rather than by the proposed
mechanism via argininosuccinate. The rat
liver mitochondrial enzyme system which
forms USA from aspartate, CO, and
NH, was used for the investigation. The for-
mation of labeled USA from citrulline-ureido-
C™ gould readily be demonstrated in the pres-
ence of acetylglutamate, I-aspartate and P;.
Addition of ATP and an ATP regenerating
system greatly stimulated the formation of
USA. It seems therefore possible that USA
is formed by reactions (4) + (2)

PROCEEDINGS

Cioitrulline + acetylglutamate + ATP -»
Cl.compound X 4 ornithine -+ ADP (4)
rather than by a reversed reaction (3) -4 reac-
tion (2).

The formation of compound X from labeled
citrulline could be studied directly if aspartate
was omitted from the system. Under those
circumstances the CO, that was fixed in com-
pound X could be released at acid pH and
measured as C140,. Maximal amounts of
labeled CO, were obtained only in the presence
of acetylglutamate and ATP. Significant en-
zymatic breakdown of C-citrulline also took
place without acetylglutamate, though the
presence of this compound increased C40O,
formation up to ten times. When arsenate was
substituted for phosphate, 4—86 times more
C40, was observed. The arsenate reaction
was not stimulated by acetylglutamate or by
ATP. It seems likely that this enzyme system
contains & “citrullinase’”’ comparable to that
previously described in bacteria.

1. Schulman, M. P. and Badger, 8. J. Federa-
tion Proc. 13 (1954) 202.

2. Smith, L. H., Jr. and Stetten, D., Jr. J. Am.
Chem. Soc. 76 (1954) 3864.

3. Reichard, P. Acta Chem. Scand. 8 (1954)
1102.

4. Grisolia, S. and Cohen, P. P. J. Biol. Chem.
198 (1952) 561.

On the Nature of the Salt Inhi-
bition of the Phosphoribomutase
Reaction

Hans Klenow

Institute of Cytophysiology, University of
Copenhagen, Denmark

The inhibitory effect of salts on the reaction:
Glucose-1,68-diphosphate (GDP) -+ Ribose-1-
phosphate (R-1.P) s Ribose-1,56-diphosphate

+ Glucose-6-phosphate
which is catalyzed by phosphoglucomutase
preparations from muscle extract has been
studied. The reaction was assayed spectro-
photometrically in the presence of triphospho-
pyridine nucleotide and an excess of Zwischen-
ferment. Comparison of the effect of & num-
ber of different salts suggest that the inhibi.
tion is caused by anions. The influence of the
concentration of R-1-P indicates that the salt
inhibition can be overcome at infinitely high
concentration of R-1.P. The inhibition is,
therefore, probably due to competition of
anions with R-1-P for the enzyme. The Km
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2. Hultin, T. Arch. néerl. zool. Suppl. 1 (1953)
76.

3. Askonas, B. A, Biochem. J. (London) 48
(1951) 42.

Synthesis of Ureidosuccinic Acid
(USA) from Citrulline with Rat

Liver Enzymes
Peter Reichard and
Lloyd H. Smith Jr.
Department of Biochemistry, Karolinska
Institutet, Stockholm, Sweden

The isotope from citrulline-ureido-C is in-
corporated into position 2 of polynucleotide
pyrimidines of the pigeon in vivo! and into
orotic acid by rat liver slices . It has been
proposed that this incorporation takes place
via argininosuccinic and ureidosuccinic acids
(oitrulline + aspartate —» argininosuccinate -»
USA -» orotate -» polynucleotide pyrimidines).

With enzyme preparations from rat liver
mitochondria evidence has earlier been obtai-
ned for the following reactions in the bio-
synthesis of USA 3: .

NH, + CO; + ATP + acetylglutamate

—+ Compound X 4+ ADP (1)
Compound X + aspartate —» USA -+
acetylglutamate + P; 2

Reaoction (1) has been described by Grisolia
and Cohen 4 a8 one step in citrulline formation,
the other being: .
Compound X + ornithine —» Citrulline -

acetylglutamate + P; (3)

The possibility has now been investigatéd
that USA might be formed from citrulline
by a reversed reaction (3) followed by
reaction (2) rather than by the proposed
mechanism via argininosuccinate. The rat
liver mitochondrial enzyme system which
forms USA from aspartate, CO, and
NH, was used for the investigation. The for-
mation of labeled USA from citrulline-ureido-
C™ gould readily be demonstrated in the pres-
ence of acetylglutamate, I-aspartate and P;.
Addition of ATP and an ATP regenerating
system greatly stimulated the formation of
USA. It seems therefore possible that USA
is formed by reactions (4) + (2)
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Cioitrulline + acetylglutamate + ATP -»
Cl.compound X 4 ornithine -+ ADP (4)
rather than by a reversed reaction (3) -4 reac-
tion (2).

The formation of compound X from labeled
citrulline could be studied directly if aspartate
was omitted from the system. Under those
circumstances the CO, that was fixed in com-
pound X could be released at acid pH and
measured as C140,. Maximal amounts of
labeled CO, were obtained only in the presence
of acetylglutamate and ATP. Significant en-
zymatic breakdown of C-citrulline also took
place without acetylglutamate, though the
presence of this compound increased C40O,
formation up to ten times. When arsenate was
substituted for phosphate, 4—86 times more
C40, was observed. The arsenate reaction
was not stimulated by acetylglutamate or by
ATP. It seems likely that this enzyme system
contains & “citrullinase’”’ comparable to that
previously described in bacteria.

1. Schulman, M. P. and Badger, 8. J. Federa-
tion Proc. 13 (1954) 202.

2. Smith, L. H., Jr. and Stetten, D., Jr. J. Am.
Chem. Soc. 76 (1954) 3864.

3. Reichard, P. Acta Chem. Scand. 8 (1954)
1102.

4. Grisolia, S. and Cohen, P. P. J. Biol. Chem.
198 (1952) 561.

On the Nature of the Salt Inhi-
bition of the Phosphoribomutase
Reaction

Hans Klenow

Institute of Cytophysiology, University of
Copenhagen, Denmark

The inhibitory effect of salts on the reaction:
Glucose-1,68-diphosphate (GDP) -+ Ribose-1-
phosphate (R-1.P) s Ribose-1,56-diphosphate

+ Glucose-6-phosphate
which is catalyzed by phosphoglucomutase
preparations from muscle extract has been
studied. The reaction was assayed spectro-
photometrically in the presence of triphospho-
pyridine nucleotide and an excess of Zwischen-
ferment. Comparison of the effect of & num-
ber of different salts suggest that the inhibi.
tion is caused by anions. The influence of the
concentration of R-1-P indicates that the salt
inhibition can be overcome at infinitely high
concentration of R-1.P. The inhibition is,
therefore, probably due to competition of
anions with R-1-P for the enzyme. The Km

Acta Chem. Scand. 9 (1955) No. 1
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for R-1.P and the inhibition constants for
chloride, phosphate and sulphate have been
determined. While GDP inhibits, when it is
present at certain high concentrations, no such
inhibitory effect has been observed for R-1-P.
Since the constants obtained suggest that the
binding is dependent primarily on the charge
of the anion the experiments indicate that the
group of the enzyme which “activates’
R-1-P binds this and any other anion by a salt
linkage. This linkage might be of the same
type which is found in some synthetic anion
exchangers. The results also indicate that
when GDP serves as a substrate in the reac-
tion it is attached to a group of the enzyme
which is different and possibly of different
nature from that to which R-1-P is attached.

The Content of Polyglucose of Gly-

cogenic Nature * during the First
Hours of Growth in Escherichia
coli B

H. Palmstierna

Chemical Department, Karolinska Institutet,
Stockholm, Sweden

The following experiment is intended to
elucidate the normal metabolism of E. coli B
as measured by the “’glycogen” content at
different states of growth.

Eaxperimental. Freeze-dried cells of E. coli
B were inoculated into, and grown in a salt
medium (pH 7) and cultivated for 18 hours
with Na-lactate as the only source of carbon 1,
The volume of the culture was 5 liter. After
centrifuging and washing the bacteria with
fresh medium an amount of bacteria was in-
oculated into two 50-liter bottles, each con-
taining 40 liter of the medium, to give a den-
sity of approximately 10® bacteria/ml. The
praeculture and the 40-liter cultures were con-
stantly shaken at 37°C and aerated through
sterile cottonwool filters at a rate of 1 liter
per minute and liter of medium. The bacterial
suspension was cooled to 6°C within three
minutes after harvest of culture fluid. The
specimens obtained at different times after
inoculation were centrifuged at 0°C for two
hours at 2 500 r.p.m. in an International re-
frigerated centrifuge with four 1.liter cups.
The bottom was covered with a net of stainless
steel and the cup was divided into four cham-
bers by means of a baffle in order to prevent

* For the sake of brevity called ~glycogen”.
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the bacteria from whirling up when the speed
of the centrifuge slowed down. In this way it
was possible to spin down the bacteria quan-
titatively with a loss not exceeding 1.7—2.4 9%,
The bacteria were washed with 0.9 9% NaCl
and freeze-dried.

The “glycogen’ was isolated by the usual
alkali treatment and precipitation with alcohol.
The precipitate was hydrolyzed for three hours
in 0.6 N HCl. The glucose thus obtained was
purified by passing the hydrolysate through
Dowex 50 in the H+-form and Dowex 2 in the
acetate-form. No other sugar than glucose was
found on the paper-chromatogram. The “gly-
cogen” could be hydrolyzed by salivary amy-
lase.

The estimations of glucose were performed
according to Dische 8.

Results. A very rapid increase of “gly-
cogen”’ /mg of dry cells was found, reaching its
maximum at 30 minutes (Table 1). This
indicates that the “’glycogen” synthesis pre-
cedes the synthesis of the bulk of the cell-
material.

Table 1.
Time Number *Gly- Mg »Qly-
after of cogen” “'gly- cogen”/
inocu- cells/ml 9, of dry cogen”  cell
lation X 10~* weight per mgx10-12
minutes 1 000 ml
culture

0 111 1.1 0.3 1.7

15 112 10.9 3.6 17.3

30 111 12.8 4.4 19.5

60 110 11.9 7.1 31.7

90 111 9.8 7.6 34.1

120 175 5.6 7.4 21.0

240 665 1.2 3.5 2.6

360 1509 1.0 7.4 2.6

”Glycogen” /cell ratio reaches its maximum
at 90 minutes after inoculation or immediately
before the first cell divisions.

A very rapid decrease in “’glycogen’’/1 000
mls of culture was found between 90 and 240
minutes, indicating that “’glycogen’’ synthesi-
zed during the lag-phase” of growth was
utilized during the first two hours of the
logarithmic phase of growth. During this
period the number of bacteria/ml increased
six times.

Between 240 and 360 minutes after inocula-
tion the amount of “’glycogen’/cell remained
approximately constant at a level slightly
higher than that found in the bacteria at the
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The experiments show that the submicro-
scopio liver cell particles are not homogeneous
but are composed of subordinate proteins with
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rates of rebuilding.
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Reaoction (1) has been described by Grisolia
and Cohen 4 a8 one step in citrulline formation,
the other being: .
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The possibility has now been investigatéd
that USA might be formed from citrulline
by a reversed reaction (3) followed by
reaction (2) rather than by the proposed
mechanism via argininosuccinate. The rat
liver mitochondrial enzyme system which
forms USA from aspartate, CO, and
NH, was used for the investigation. The for-
mation of labeled USA from citrulline-ureido-
C™ gould readily be demonstrated in the pres-
ence of acetylglutamate, I-aspartate and P;.
Addition of ATP and an ATP regenerating
system greatly stimulated the formation of
USA. It seems therefore possible that USA
is formed by reactions (4) + (2)
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rather than by a reversed reaction (3) -4 reac-
tion (2).

The formation of compound X from labeled
citrulline could be studied directly if aspartate
was omitted from the system. Under those
circumstances the CO, that was fixed in com-
pound X could be released at acid pH and
measured as C140,. Maximal amounts of
labeled CO, were obtained only in the presence
of acetylglutamate and ATP. Significant en-
zymatic breakdown of C-citrulline also took
place without acetylglutamate, though the
presence of this compound increased C40O,
formation up to ten times. When arsenate was
substituted for phosphate, 4—86 times more
C40, was observed. The arsenate reaction
was not stimulated by acetylglutamate or by
ATP. It seems likely that this enzyme system
contains & “citrullinase’”’ comparable to that
previously described in bacteria.
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which is catalyzed by phosphoglucomutase
preparations from muscle extract has been
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pyridine nucleotide and an excess of Zwischen-
ferment. Comparison of the effect of & num-
ber of different salts suggest that the inhibi.
tion is caused by anions. The influence of the
concentration of R-1-P indicates that the salt
inhibition can be overcome at infinitely high
concentration of R-1.P. The inhibition is,
therefore, probably due to competition of
anions with R-1-P for the enzyme. The Km
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for R-1.P and the inhibition constants for
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determined. While GDP inhibits, when it is
present at certain high concentrations, no such
inhibitory effect has been observed for R-1-P.
Since the constants obtained suggest that the
binding is dependent primarily on the charge
of the anion the experiments indicate that the
group of the enzyme which “activates’
R-1-P binds this and any other anion by a salt
linkage. This linkage might be of the same
type which is found in some synthetic anion
exchangers. The results also indicate that
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tion it is attached to a group of the enzyme
which is different and possibly of different
nature from that to which R-1-P is attached.
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The following experiment is intended to
elucidate the normal metabolism of E. coli B
as measured by the “’glycogen” content at
different states of growth.

Eaxperimental. Freeze-dried cells of E. coli
B were inoculated into, and grown in a salt
medium (pH 7) and cultivated for 18 hours
with Na-lactate as the only source of carbon 1,
The volume of the culture was 5 liter. After
centrifuging and washing the bacteria with
fresh medium an amount of bacteria was in-
oculated into two 50-liter bottles, each con-
taining 40 liter of the medium, to give a den-
sity of approximately 10® bacteria/ml. The
praeculture and the 40-liter cultures were con-
stantly shaken at 37°C and aerated through
sterile cottonwool filters at a rate of 1 liter
per minute and liter of medium. The bacterial
suspension was cooled to 6°C within three
minutes after harvest of culture fluid. The
specimens obtained at different times after
inoculation were centrifuged at 0°C for two
hours at 2 500 r.p.m. in an International re-
frigerated centrifuge with four 1.liter cups.
The bottom was covered with a net of stainless
steel and the cup was divided into four cham-
bers by means of a baffle in order to prevent
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the bacteria from whirling up when the speed
of the centrifuge slowed down. In this way it
was possible to spin down the bacteria quan-
titatively with a loss not exceeding 1.7—2.4 9%,
The bacteria were washed with 0.9 9% NaCl
and freeze-dried.

The “glycogen’ was isolated by the usual
alkali treatment and precipitation with alcohol.
The precipitate was hydrolyzed for three hours
in 0.6 N HCl. The glucose thus obtained was
purified by passing the hydrolysate through
Dowex 50 in the H+-form and Dowex 2 in the
acetate-form. No other sugar than glucose was
found on the paper-chromatogram. The “gly-
cogen” could be hydrolyzed by salivary amy-
lase.

The estimations of glucose were performed
according to Dische 8.

Results. A very rapid increase of “gly-
cogen”’ /mg of dry cells was found, reaching its
maximum at 30 minutes (Table 1). This
indicates that the “’glycogen” synthesis pre-
cedes the synthesis of the bulk of the cell-
material.

Table 1.
Time Number *Gly- Mg »Qly-
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minutes 1 000 ml
culture
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”Glycogen” /cell ratio reaches its maximum
at 90 minutes after inoculation or immediately
before the first cell divisions.

A very rapid decrease in “’glycogen’’/1 000
mls of culture was found between 90 and 240
minutes, indicating that “’glycogen’’ synthesi-
zed during the lag-phase” of growth was
utilized during the first two hours of the
logarithmic phase of growth. During this
period the number of bacteria/ml increased
six times.

Between 240 and 360 minutes after inocula-
tion the amount of “’glycogen’/cell remained
approximately constant at a level slightly
higher than that found in the bacteria at the
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time of inoculation. During this time the bac-
teria doubled their number only once.

The author wishes to thank Dr. S. Gardell
for his advices and his help with the estima-
tions.

1. Hedén, C. G. Acta Pathol. Microbiol. Scand.
Suppl. 88 (1951) 19

2. Gurin, 8. and Hood, D. B. J. Biol. Chem.
131 (1939) 211.

The Occurrence of Phospho-
proteins in Bacteria

Gunnar Agren, Carl-Henric
de Verdier and John Glomset

Institute of Medical Chemistry, University of
Uppsala, Uppsala, Sweden

In connection with investigations of rat
organ phosphoproteins 1,2, it was of interest to
determine whether similar substances exist in
bacteria and whether they are involved in
bacterial growth. In these studies an aerobic
(Escherichia coli) and a facultative anaerobic
(Lactobacillus caseir 7469) organism have been
ased.

L. casei was cultivated on a medium pre-
viously described 3 for L. acidophilus with the
exclusion of the dried tomato juice. Moreover,
in order to increase the utilization of isotopic
phosphate added to the medium inorganic
phosphate was also excluded, since preliminary
experiments had shown that the phosphorus
present in the Bactopeptone and liver furnished
sufficient total phosphorus (0.03 9%) for nor-
mal growth. To the medium was added 1 mC
radioactive phosphate per liter, it having been
shown that the presence of as much as 100
mC P3? per liter had no demonstrable effect
on growth or acid production over a period of
72 hours.

In order to determine whether phosphoserine
was present in bacterial protein, the bacteria
were centrifuged down and frozen 4 hours after
inoculation, by which time the weight of the
_ freeze-dried bacteria had increased two-fold.
After grinding with Ballotini-beads in 30 9%
ethanol, the bacteria were once again dried
and then extracted as described previously 1.
To the partial acid hydrolysate of the Schnei-
der protein was added crystalline phospho-
serine and the mixture was chromatographed
successively on a Dowex 50 column, a Dowex
1 column, and in two solvent systems on
paper !. In each procedure a P32.containing
fraction followed and could not be separated

from crystalline phosphoserine. These experi-
ments make it highly probable that phospho-
serine is present in the Schneider protein frac-
tion from L. casei. :

Using phosphoserine, then, as a measure of
the bacterial protein phosphorus, the specific
activity of the latter has been determined at
successive intervals after incubation and com-
pared with the activity of other fractions.

Details of these experiments will be pub-
lished later.

1. Agren, G., de Verdier, C.-H. and Glomset, J.
Acta Chem. Scand. 8 (1954) 503.

2. Agren, G., de Verdier, C.-H. and Glomset, J.
Acta Chem. Scand. 8 (1954) 1570.

3. Agren, G. Acta Physiol. Scand. 17 (1949)
55.

Estimation of Cardiac Glycosides
in the Presence of Other Steroid
Derivatives

John Kahan

Department of Pharmacology, Karolinska
Institutet, Stockholm, Sweden

The chemical assay of cardiac glycosides has
long presented the pharmacologist with a prob-
lem. The difficulties have chiefly been due to
the presence of breakdown products and other
steroid derivatives which had only little or no
pharmacological activity but, in the lack of the
specificity of the reactions, were estimated as
cardiac glycosides.

Several attempts have been made to achieve
separation of cardiac glycosides and their
breakdown products by chromatographic
means but the separation was associated with
specific difficulties mainly due to some pro-
perties of the steroid skeleton. Firstly, cardiac
glycosides are neutral compounds having an
uniform stereochemistry with large relatively
flat molecules. Secondly, they are unstable,
being sensitive to oxidizing agents, strong
acids and bases, heat and strong adsorbents.
Thirdly, they have an unfavourable partition
coefficient in the commoner solvent systems.

These properties make for non-ideal be-
haviour in chromatography systems. Fractio-
nal elution from aluminium columns resulted
in large losses although aluminium has been
applied with great success for the widest range
of steroids. Partition chromatography me-
thods gave good results and were reliable but
they were capable of dealing with only rather
limited groups of cardiac glycosides at each
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The chemical assay of cardiac glycosides has
long presented the pharmacologist with a prob-
lem. The difficulties have chiefly been due to
the presence of breakdown products and other
steroid derivatives which had only little or no
pharmacological activity but, in the lack of the
specificity of the reactions, were estimated as
cardiac glycosides.

Several attempts have been made to achieve
separation of cardiac glycosides and their
breakdown products by chromatographic
means but the separation was associated with
specific difficulties mainly due to some pro-
perties of the steroid skeleton. Firstly, cardiac
glycosides are neutral compounds having an
uniform stereochemistry with large relatively
flat molecules. Secondly, they are unstable,
being sensitive to oxidizing agents, strong
acids and bases, heat and strong adsorbents.
Thirdly, they have an unfavourable partition
coefficient in the commoner solvent systems.

These properties make for non-ideal be-
haviour in chromatography systems. Fractio-
nal elution from aluminium columns resulted
in large losses although aluminium has been
applied with great success for the widest range
of steroids. Partition chromatography me-
thods gave good results and were reliable but
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limited groups of cardiac glycosides at each
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operation. Paper chromatography was fair-
ly time-consuming and laborious to be
applied for quantitative work.

The data now reported show that cardiac
glycosides and their breakdown products may
be separated quantitatively on a Dowex 50
column. Since other steroid derivatives may be
eluted together with cardiac glycosides a reac-
tion was elaborated for the specific determina-
tion of cardiac glycosides based on their speci-
fic sugar moiety. Common sugars are not
eluted with the solvents.

The technique permits the estimation of the
total amounts of primary glycosides, secondary
glycosides and aglycones. The filter capacity
of & 10 cm long column is 2—2 000 ug, but the
method can be scaled up for larger amounts.
The mean recovery is 95—98 %, and the ex-
perimental error of a double determination
i8 4 2.59 %.

The separation may be regarded as a parti-
cular application of ion exchange resins based
on the swelling properties of their network
structure when the alteration of the size of
pore spaces is carried out by suitable pretreat-
ment and elution. This assumption may be
supported by the fact that (1) the separation
can be achieved with the resin in the free-
acid form as well as in the sodium form, (2)
the glycosides retarded could be eluted neither
with acids nor alkalis, and (3) the eluting power
of the same organic solvent seems to be altered
by changing the prewashing agent.

The technique seems to provide a convenient
standard method of assay for cardiac glyco-
sides and their breakdown products in the
presence of steroid derivatives. The method is
simple to carry out; it is accurate, gives well
reproducible results and may be used over a
wide concentration range. A further advant-
age is that separation and analysis of the frac-
tions can be completed within 30 minutes.

Methods for Studying Nucleotide
Metabolism in Synchronized
Cultures of Protozoa

Paul Plesner

Institute of Cytophysiology, University of
Copenhagen, Denmark

In an attempt to study the nucleotide meta-
bolism in different phases of the cell cyclus,
and to correlate the pattern of the in vivo
findings with the in vitro activity of some of the
cellular enzymes, the technique of Zeuthen and
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Scherbaum ! has been employed to synchron-
ize cultures of Tetrahymena pyriformis. An
apparatus, that can accommodate 10 cultures
of 150 ml each and expose them to the tem-
perature shocks required, has been construc-
ted. The cells are grown on a proteose-peptone-
salt medium or on this medium after treating
it with 5 grams of norite per liter and fortify-
ing it with Kidder’s vitamin B group % and 15
mg per liter of guanylic and uridylic acids
eac