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It was conclusively elucidated that both the ketohydroxy acid (III) and the ketodiol (VIII) derived from tetrahydro- 
a-santonin-6 (I) (irares-decalin type) possessed the same configuration of the methyl group at the 4- position as in tetra- 
hydro-a-santonin-a (II) (Zrans-decalin type). The 3-desoxydiol-a (X), newly obtained from the ketodiol (VIII), formed 
mono- and bis-p-nitro- and -3,5-dinitrobenzoates (Xa, b, c, d) under controlled reaction conditions, but the diol-6 (XII) 
formed only mono-p-nitro- and -3,5-dinitrobenzoates (XIIa,b) even under drastic conditions. From these results, it appears 
that the methyl group at the 4- position is axial in the ketohydroxy acid-a (III), ketodiol-a (VIII), and 3-desoxydiol-a (X).
3-Desoxyhydroxy acid-a (XIV) produced via 3-desoxylactone-a (XI) (irons-decalin type) from the 3-desoxydiol-a (X) 
was readily oxidized to keto acid-a (XV), which isomerized into the cis-fused one (XIX) under alkaline conditions.

In a previous paper of this series,3 it was reported 
that the irans-fused tetrahydro compound from /3- 
santonin, the more stable isomer-6 was converted to 
the less stable isomer-a by means of opening and 
careful closure of the lactone ring with cold concen
trated sulfuric acid (corresponding to the sequence 
I —*- III —*- II in the a-santonin series). This course 
involving migration of the methyl group at the 4- 
position from equatorial to axial position was ex
plained on the basis of conformational analysis. It 
seemed desirable, however, to establish these steric 
relationships by chemical means. Because of scar
city of |3-santonin at hand, structural examination 
was made with trans-fused tetrahydroketone-a and 
-b (II and I)2 of a-santonin, which are the respec
tive epimers at the 11- position of the isomer-a and 
-b of /3-santonin series. In order to convert the more 
stable tetrahydro-ketone-6 (I) into the less stable 
isomer-a (III), 3-keto-5-hydroxy-a-santanic acid-a

(1) Part XX, M. Yanagita and K. Yamakawa, J. Org. 
Chem., 24,903(1959).

(2) For definition of the nomenclature and the numbering 
used in this paper, see Part XVIII of this series (ref. 3) 
(cf. Part XIII).

(3) M. Yanagita and H. Ogura, J. Org. Chem., 23, 1268 
(1958).

(4) Wienhaus and Ottingen, and Tahara obtained the 
keto-hydroxy acids (m.p. 85-115° and 95-97°) with no 
description about the configuration. The present specimen 
showed the melting point of 140° (cf. Experimental).

II IV. R = H
IVa. R = Ac 
IVb. R = Ts

CH,

CH3 O----CO
V. R = H

Va. R = Ac 
Vb. R = Ts

(III)4 from I was treated with cold concentrated sul
furic acid by the same procedure employed for the 
corresponding reaction in the /3-santonin series 
cited above. Unexpectedly, there resulted a sub
stantial recovery of the starting ketone (I) and no
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evidence for the formation of II could be obtained 
from this reaction. As shown below, the lactone 
ring opening of the tetrahydro-ketone-5 (I) was 
accompanied by inversion of the methyl group at 
the 4- position resulting in formation of the keto- 
hydroxy acid (III), which was also formed from tet- 
rahydro-ketone-a (II) by the same procedure. It 
is clear that in spite of careful treatment of this hy
droxy-ketone with sulfuric acid, the 4-methyl group 
was again inverted to the original position on lac- 
tonization. This indicates that the spatial arrange
ment of the methyl group at the 21- position could 
have a considerable influence on the relative stabil
ity of the methyl group at the 4- position.

It has already been shown that catalytic hydro
genation of tetrahydro-ketone-a (II) with plati
num oxide in acetic acid gave one isomer (IV) of 
the hexahydrosantonin,5 6 which was also prepared 
directly from a-santonin by similar hydrogenation.6 
The alcohol (IV), whose newly formed hydroxyl 
group was assigned the axial orientation (trans to 
the angular methyl group),6-6 was now found to be 
almost quantitatively prepared from II by sodium 
borohydride in methanol. By the same procedure, 
the hydroxy acid (III) gave the same alcohol (IV) 
in a good yield, indicating that the methyl group at 
the 4- position in III possesses the same configura
tion as that in the ketone-a (II). I t is notable that 
hydrogenation of the carbonyl group in II with 
these reagents proceeded in a highly stereoselective 
manner. On the other hand, the ketone-5 (I) was 
eatalytically hydrogenated with platinum oxide 
mainly to the corresponding alcohol (V) with 
smaller amount of an epimer.5-6 The alcohol (V), in 
which the hydroxyl group was assigned the equa
torial position (cis to the angular methyl group),6-6 
was also obtained almost quantitatively by reduc
tion with sodium borohydride and converted to the 
original ketone (I) in a moderate yield by oxidation 
with chromium oxide-acetic acid. It is obvious that 
the C—O bond of the lactone ring in the ketone-5
(I) must be much more sterically hindered by the 
methyl group at the 4- position than that in the ke
tone-a (II). The difference of such steric interfer
ence naturally increases by opening of the lactone 
ring in these ketones, as indicated by formation of 
the same hydrolysis product from both ketones. 
For establishment of the configuration of the methyl 
group at the 4- position in these ketones, it seemed 
of interest to examine the relative reactivity of the 
hydroxyl group in suitably constructed epimers at 
the 4- position.

Before describing transformations of the ketones 
(I and II), it is necessary to mention the result con
cerning the derivatives of I reported by Matsu- 
mura, Iwai, and Ohki.7 These workers found that

(5) W. Cocker and T. B. H. McMurry, J. Chem. Soc., 
4549(1956).

(6) B. Riniker, Thesis, E. T. H. Zürich, 1955.
(7) H. Matsumura, I. Iwai, and E. Ohki, J. Pharm. Soc.

Japan, 75,687(1955).

IX VIII

I

XIII XII. R = H
Xlla. R = COCelRINKMp)
Xllb. R = C0C6H4(N02)2(3,5)

the diol ketal (VII), prepared from the ketal (VI) 
of I with lithium aluminum hydride, gave only 
mono-p-nitrobenzoate in which the hydroxyl group 
at the 5- position remains unaffected, whereas the 
keto-diol (VIII) from VII formed a mono- or a bis- 
p-nitrobenzoate depending on the amount of p-ni- 
trobenzoyl chloride used. Furthermore, these 
workers8 * J. stated that the diol (XII), prepared from
3- desoxytetrahydro-a-santonin-5 (XIII) by reduc
tion with lithium aluminum hydride, formed only a 
mono-p-nitrobenzoate, as the diol ketal (VII). 
From these results it seems probable to suggest 
that the methyl groups at the 4- position in the diol 
ketal (VII) and in the diol (XII) are both equato
rial, whereas the keto-diol (VIII) possesses the axial
4- methyl group. However, three derivatives in 
question differ from each other in the substituents 
at the 3- position. In view of the fact that a small 
variation of the molecular structure frequently 
causes a significant change in the reaction rate, 
this comparison about the configuration of a methyl 
group at the 4- position in the above diols cannot be 
made. Consequently, preparation of the epimeric 
diol-a (X) was attempted.

(8) H. Matsumura, I. Iwai, E. Ohki, and K. Kanzaki,
J. Pharm. Soc. Japan, 75, 689 (1955).
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As the first route to X, reduction of the tosylate 
of hexahydrosantonin-a (IV) with lithium alumi
num hydride9 came into consideration. In prelimi
nary experiments, this reaction gave an oil which 
was resistant to crystallization. The second line of 
approach to X involved reductive removal of the 
carbonyl group in the keto-diol (VIII) mentioned 
above. This keto-diol-a (VIII), prepared in a good 
yield directly from VI by hydride reduction, was 
subjected to the Martin-Clemmensen reduction in 
the usual manner. Surprisingly, the carbonyl group 
in VIII showed considerable resistance to this hy
drogenation. The only product, obtained in a prac
tically quantitative yield, was a dehydrated com
pound, in which the carbonyl group remained un
touched, as shown by the formation of a 2,4-dini- 
trophenylhydrazone and the infrared spectrum, 
7c=o 1712 cm.-1 (cyclohexanone). It may be as
sumed that the product possesses the tetrahydro- 
furan structure (IX). The structure of IX was fur
ther supported by the infrared spectrum, yC-o 
1125 cm.-1, probably corresponding to the cyclic 
ether,10 and the absence of a hydroxy band which 
was proved by inability to form a benzoate and re
sistance to the Clemmensen reduction. The keto- 
diol (VIII) was readily cyclized to IX with hydro
chloric acid or p-toluenesulfonyl chloride, parallel
ing the smooth conversion of the 3-desoxy-diol-6
(XII) into the corresponding tetrahydrofuran com
pound.11 A few examples12 13 involving such an unu
sual resistance of a ketone to the Clemmensen re
duction have been recorded in the literature, and the 
reason for these abnormal results including the 
present case is entirely obscure. Removal of the 
keto group in VIII was readily effected by the 
Huang-Minlon modification of the Wolff-Kishner 
reduction, leading to a satisfactory yield of the de
sired product (X). The latter is differentiated from 
the above diol-6 (XII) by comparison of melting 
point and infrared spectrum. In view of easy sub
limation of X, the oily reduction product from the 
tosylate (IVb) mentioned above, was heated with 
sea-sand in vacuo and the diol-a (X) was obtained 
in a fair yield. This indicates that the methyl group 
at the 4- position has the same conformation in the 
tetrahydro-ketone-a (II), the hydroxy acid (III), 
and the keto-diol (VIII).

The diol-a (X) was subjected to acylation with 
p-nitro- or 3,5-dinitrobenzoyl chloride in pyridine 
by the Deninger-Einhorn method. By controlling 
the amount of the reagent (1.1 molar equivalents) 
and the reaction temperature to 0°, the mono-p-

(9) M. E. Wall and S. Serota, J. Am. Chem. Soc., 78, 1747
(1956).

(10) L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, 2nd ed., John Wiley & Sons, Inc., New York, 
1958, p. 114.

(11) O. Kovacs, V. Herout, M. Herak, and F. Sorm, 
Collection Czechoslov. Chem. Communs., 21, 225 (1956).

(12) For example see, W. T. Smith, Jr., J. Am. Chem. 
Soc., 73,1883 (1951).

nitro-(Xa) or *Jie mono-3,5-dinitrobenzoate (Xc) 
was formed. On the other hand, excess of the rea
gent (2.4 molar equivalents) and reaction at room 
temperature for 48 hr. resulted in the formation of 
the bis-p-nitro- (Xb) or the bis-3,5-dinitro benzo
ate (Xd) in a reasonable yield. From a steric view
point, it is obvious that the monobenzoates (Xa and 
Xc) possess the benzoyl group at the C-12 posi
tion. These results are in contrast to the above- 
cited fact regarding X IP and clearly indicate that 
the hydroxyl group at the 5- position in X is less 
hindered than that in XII, supporting these struc
tures of the diols.

,CH3

COOH

i
c h 3

...c h 3

CH3 O COOH 
XIX

XXI XX
This steric explanation found further support in 

the following observation. The lactone (XI), pre
pared from the diol (X) by chromium trioxide oxi
dation, was hydrolyzed to a relatively stable hy
droxy acid (XIV), whereas the epimeric acid (XVI) 
from the lactone (XIII) was so unstable that it 
could not be isolated in a pure state. It has been 
previously reported1311 that oxidation of the hydroxy

(13) (a) H. Matsumura, I. Iwai, and E. Ohki, J. Pharm. 
Soc. Japan, 74, 1206 (1954). (b) Keto-aeid-a (XV) was puri
fied by chromatography on alumina, but the purity was not 
examined in so unstable a liquid (see Experimental). Never
theless, the acid (XV) formed a s-(p-nitrobenzyl)thiuro- 
nium salt (m.p. 168-169°) in 69% yield, which was obvi
ously different from the cfs-fused (XIX; m.p. 141-142°) 
and ir<ms-fused salts (XVII; m.p. 175°) in both melting 
point and infrared spectrum.
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acid (XVI) with chromium trioxide in pyridine gave 
the keto-acid-a (XVII) in a very low yield (12%), 
with a larger amount (70%) of the recovered lac
tone (XIII). This experiment was repeated but at
tempts to raise the yield of XVII with other 
oxidizing agents were unsuccessful. Compared with 
XVI, the epimer (XIV) was more readily oxidized 
with chromium trioxide under similar conditions, 
and the keto-acid-a (XV)13b was obtained in a bet
ter yield (63%) with a smaller amount of XI. This 
indicated that the methyl group at the 4- position 
in XVI had a stronger effect on the oxidation proc
ess than that in XIV. The irans-fused diketo-acid
(XVIII)14'15 was converted to XVII in a good yield 
by the Martin-Clemmensen reduction in the usual 
manner, as the reductive removal of only carbonyl 
group at the 3-position in XVIII was expected 
from the steric view point mentioned above. Fur
thermore, this result supported the equatorial con
figuration of the methyl group at the 4-position in
XVIII.

The newly formed keto-acid-a (XV) was rela
tively less stable since it underwent conversion to 
the more stable crystalline isomer (XIX) merely 
upon distillation. Riniker6 stated that the crystal
line keto-acid obtained from XI by a similar oxida
tion of the ester of XIV, including alkaline hydroly
sis of the product, possessed the same conformation 
as the stable isomer (XIX) on the basis of conforma
tional analysis. It is obvious in view of steric con
siderations, that the keto-acid-a (XV) correspond
ing to the conformation of XXII should be much 
more hindered than its inverted isomer (XIX) cor
responding to that of XXIII. It seems desirable, 
however, to give a decisive proof of it. The as-fused
3-deoxy compound-d (XXI), prepared from tetra- 
hydro-a-santonin-d (XX),2’6'11’15’16 converted to 
the corresponding keto-acid-d (XIX) which was

XXIV

completely identical with the more stable keto-acid
(XIX) mentioned above, but in a poorer yield 
(16%), with reasonable recovery of the starting

(14) A. Tahara, J. Org. Chem., 21, 442 (1956).
(15) M. Yanagita and H. Ogura, J. Org. Chem., 22, 1092

(1957).
(16) M. Yanagita and A. Tahara, J. Ora. Chem., 20, 959

(1955).

lactone-d (XXI). This keto-acid-d (XIX) was pre
pared in a good yield (67%) from the same lac
tone-d (XXI), via the methyl ester of the as-fused 
hydroxy acid corresponding to the trans-isomer
(XVI). Therefore, the less stable isomer (XV) has to 
belong to the trans-fused tetrahydro compound se
ries, and the more stable isomer (XIX) to the cis- 
fused series. This ring inversion could be effected by 
3% potassium hydroxide solution under the same 
condition employed for the equilibration reaction 
between the irans-f used 3,5-diketo-a-santanic acid
(XVIII) and the corresponding ds-isomer, the 3- 
keto derivatives of XIX (trans/cis = 6/ 3).u The 
trans-fused isomer (XV) was thus quantitatively 
inverted to the as-fused one (XIX), whereas no re
verse reaction could proceed at all. It is of interest 
that the as-fused keto-acid (XIX) could not be in
verted to another isomer (XVII) possessing an all 
trans-conformation (XXIV), compared with the 
result of observation about the corresponding 3- 
keto derivatives. An effort is now being made in 
this laboratory to establish the steric aspects in 
the interconversions of the keto-acids compared 
with the diketo-acids.

E X P E R IM E N T A L 17

All melting points were uncorrected. Rotations were de
termined in a 0.5-dm. microtube, unless otherwise noted.

Catalytic hydrogenation of a-santonin. (a) In benzene, a- 
Santonin (3.00 g.) was hydrogenated over platinum oxide 
(0.20 g.) in dry benzene (100 cc.), and absorption of 2.1 
molar-equivalents (580 cc.) of hydrogen required 0.5 hr. 
After removal of the catalyst, the solution was evaporated 
to a small volume giving 1.20 g. (39%) of tetrahydro-a- 
santonin-a (II), colorless leaflets, m.p. 140°. Recrystalli- 
zation from ethyl acetate gave colorless leaflets, m.p. and 
mixed m.p. 147°.16

The mother liquor from crystallization of II was evapo
rated to a colorless sirup, which was dissolved in ethanol 
(5 cc.) containing 3% hydrochloric acid (3 cc.). The solu
tion was warmed for 0.5 hr. on a water bath. On cooling, 
the solution deposited 1.00 g. (33%) of tetrahydro-«- 
santonin-b (I) m.p. and mixed m.p. 152-154°.15,16

With Brady’s reagent, it formed a 2,4-dinitrophenylhydra- 
zone, m.p. 253°. Reported m.p. 248-249°.6

(b) In dry acetone. «-Santonin (3.00 g.) was hydrogenated 
over 0.02 g. of 5% palladium charcoal in dry acetone (30 
cc.). Hydrogen (560 cc., 2 molar equivalents) was absorbed 
within 0.5 hr. Worked up as above, the residual sirup fur
nished 1.73 g. (58%) of tetrahydro-a-santonin-o (II), 
colorless leaflets, m.p. 126-135°, from a small amount of 
ethyl acetate. Recrystallization from ethanol afforded 1.23 g. 
(40%) of colorless leaflets, m.p. and mixed m.p. 141-143°.

(c) Pressure hydrogenation over platinum oxide. By an 
effective modification of the method reported by Kovacs 
et at.,11 «-santonin (3.00 g.) was hydrogenated in methanol 
(30 cc.) over platinum oxide (0.15 g.) at room temperature 
and 100 atm. pressure. The catalyst was filtered off and the 
filtrate evaporated to a small volume, and a little water was 
added. There was obtained 2.10 g. of white needles, melting 
in the range 97-110°. Recrystallization from dilute methanol 
furnished 1.70 g. (55%) of white fine needles, m.p. 120- 
121°. Reported m.p. 135°.11

(17) Microanalyses were carried out by Mrs. C. Inayama 
of this school.

H CH3

CH3 H 0
CHCH
I
COOH
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Anal. Calcd. for C16H24O3: C, 71.39; H, 9.59. Found, C, 
71.55; H, 9.46.

The hydrogenated product (0.64 g.) treated with acetic 
anhydride-pyridine as below, gave an acetate (IVa, 0.35 
g., 47%), colorless needles, m.p. and mixed m.p. 199-200° 
(see below). This acetate (IVa) was hydrolyzed in 5% sodium 
hydroxide solution to the 3a-hydroxy tetrahydro-a-san
tonin-a (IV), m.p. and mixed m.p. 106-107° (see below).

The mother liquor of crystallization of the acetate (IVa) 
was evaporated to a white powder (0.15 g., m.p. 114°). 
Recrystallization from ethanol furnished colorless leaflets 
(0.05 g., m.p. 129°), which was chromatographed on alu
mina. Elution with benzene afforded 0.02 g. (0.7%) of 
another acetate (Va) as colorless plates, m.p. and mixed 
m.p. 138° (see below).

3-Keto-o-hydroxy-a-santanic acid-a (III), (a) From telra- 
hydro-ct-santonin-b (I). Tetrahydro-a-santonin-6 (I, 0.30 
g.) was added to 5 cc. of 5% aqueous sodium hydroxide, and 
the mixture was warmed on a water bath for 10 hr. After 
cooling, the clear solution was washed with ether, acidified 
with 10% acetic acid under ice cooling, and extracted with 
chloroform. The dried chloroform solution was evaporated 
under reduced pressure, and the residual semisolid (0.30 g.) 
was washed with a small amount of benzene. Careful re
crystallization from ethyl acetate gave 0.20 g. (63%) of the 
monohydrate of the keto-acid (III), colorless plates, m.p. 
110°.

Anal. Calcd. for C15H24O4 H2O: C, 62.91; H, 9.15. Found: 
C, 62.88; H, 9.47.

The hydrate was dried in vacuo on phosphorus pentoxide 
(at room temperature, for 12 hr.), gave a white anhydrous 
acid (III) m.p. 140°; v ^ o  1709 cm. -1 (Reported m.p. 
95-97°,14 and 85-115°.ls)

Anal. Calcd. for CisHmOu C, 67.13; H, 9.02. Found: C, 
67.22; H, 9.39.

It showed obvious depression of the melting point on ad
mixture with I and II, respectively.

(b) From tetrahydro-a-santonin-a (II). Tetrahydro-a- 
santonin-a (II, 0.40 g.) was treated as described above, giv
ing 0.30 g. (70%) of the hydroxy-acid (III), m.p. 96°. Re
crystallization from ethyl acetate afforded colorless plates, 
m.p. 112°, undepressed on admixture with the monohydrate 
of III.

Lactonization of the acid (III), (a) By concentrated sulfuric 
acid. When the hydroxy acid (III, 0.10 g.) was treated 
as previously reported,3 it gave white leaflets (0.09 g., the 
melting range showed 139-146°), and showed 145-152° on 
admixture with tetrahydro-a-santonin-b (I). Recrystalliza- 
tion from ethyl acetate raised the melting point to 154-155° 
(mixed m.p. with I).

(b) In glacial acetic acid containing trace of concentrated 
sulfuric acid. The hydroxy-acid (III, 0.01 g.) was dissolved 
in glacial acetic acid (0.5 cc.). After adding trace of concen
trated sulfuric acid, the reaction mixture was allowed to 
stand at room temperature for 8 hr. Worked up as usual, 
it gave white leaflets (0.005 g.), m.p. 148-150°, undepressed 
on admixture with I. But it showed obvious depression of 
the melting point on admixture with the isomer-a (II).

(c) By 2,4-dinitrophenylhydrazine in glacial acetic acid. 
To a solution of the hydroxy acid (III, 0.01 g.) in acetic acid 
(0.4 cc.) was added 2,4-dinitrophenylhydrazine (0.01 g.). 
After standing for 8 hr., the reaction mixture was evapo
rated in vacuo at room temperature, and then fine yellow 
needles (0.01 g.) were deposited as a 2,4-dinitrophenylhy- 
drazone of I, m.p. 253° (mixed m.p.).

Sp^-Hydroxy-tetrahydro-a-santonin-b (V, R = H). To a 
solution of tetrahydro-a-santonin-b (I, 0.50 g.) in methanol 
(30 cc.) was added dropwise, 0.10 g. of sodium borohydride 
in 0.5 cc. of water. After standing at room temperature for 18 19

(18) Wienhaus and Ottingen, Ann., 397, 219 (1913).
(19) Relative configurations were expressed as a or P 

for the groups except to be designated according to the 
definition3 of the nomenclature in this series.

2 hr., the mixture was acidified with 10% hydrochloric acid 
and the solvent was evaporated under reduced pressure, 
and the residue was mixed with water and extracted with 
benzene, washed with water, dried, and evaporated. There 
was obtained 0.47 g. (93%) of the 3/3-hydroxy-tetrahydro-a- 
santonin-b (V), m.p. 167°. Recrystallization from benzene- 
petroleum ether afforded colorless plates, m.p. 168-169°; 
A™C1> 3472, 1770, 1460, 1385, 1143, 1119, 1047, 1013, 983, 
935 cm.-1 Reported,6 m.p. 171-172°.

To a solution of the hexahydro compound (V, 0.05 g.) in 
glacial acetic acid (1 cc.), was added dropwise, 0.01 g. of 
chromium trioxide in the same solvent (1 cc., containing 0.02 
cc. water) under stirring. After stirring was continued for 0.5 
hr. at room temperature, the solution was poured into water, 
and taken up in chloroform. The chloroform solution was 
washed with aqueous sodium bicarbonate and then with 
water. Evaporation of the dried chloroform solution left 
0.04 g. (81%) of the pure ketone (I) as colorless plates, 
m.p. and mixed m.p 152-153°.

An acetate (Va, R = Ac) obtained in 85% yield from the 
hexahydro compound (V) by the usual procedure, was re- 
crvstallized from ethanol affording colorless plates, m.p. 
139°; [a]lD4 +64.2° (c 0.37; CHC1,); k“ cl1 1773, 1733, 
1458, 1379, 1250, 1134, 1047, 1026 (sh.), 1010, 983, 939 
cm. -1 Reported6m.p. 143°; [<*]d +63.1°.

A tosylate (Vb, R = Ts.). To an ice cold solution of V 
(0.05 g.) in pyridine (0.5 cc.) was added p-toluenesulfonyl 
chloride (0.05 g.). After standing at room temperature for 7 
days, the reaction mixture was poured into ice water, and 
the separated whhe needles was filtered, washed with water, 
and dried, giving 0.06 g. (74%) of the tosylate (Vb), m.p. 
135-140°. Recrystallization from methanol gave colorless 
needles, m.p. 155°; [a]*D5 +55.8° (c 0.57; CHCla); X“ cl* 
1779, 1610, 1460, 1362, 1176, 1135, 1098, 1015, 993, 935, 
862,835 cm. -1

Anal. Calcd. for C22H3o05S: C, 64.99; H, 7.44. Found: 
C, 65.27: H, 7.78.

8an-Hydroxy-teirahydro-a-santonin-a (IV, R = H). (a) 
From tetrahydro-a-santonin-a (II) by sodium borohydride. 
Tetrahydro-a-santonin-a (II, 0.80 g.) was dissolved in 
methanol (15 cc.), and sodium borohydride (0.08 g.) in 
water (0.4 cc.) was added. The reaction mixture was carried 
out as described above for IV, giving 0.75 g. (93%) of the 
3a-hydroxytetrahydro-a-santonin-a (IV) as colorless needles, 
m.p. 103-104°. Recrystallization from aqueous ethanol 
afforded colorless needles, m.p. 107-108°; [a]'D8 +36.2° 
(c 1.43; CHCh); >.™c" 3448, 1776, 1460, 1385, 1149, 1126, 
1047, 1028, 1015, 990, 910 cm. ' 1 Reported,6 m.p. 108-110°; 
[ a ] +36.0° (c0.95).

(b) From tetrahydro-a-santonin-a (II) by catalytic hydro
genation. Tetrahydro-a-santonin-a (II, 1.00 g.) wras hydro
genated over platinum oxide (0.03 g.) in glacial acetic acid. 
About 1 molar equivalent (88 cc.) of hydrogen was ab
sorbed within 1 hr. The catalyst was filtered off and the fil
trate was evaporated under reduced pressure, gave 1.00 g. 
(99%) of IV, as wdiite needles, m.p. 89-92°. Recrystallization 
from ethanol and then from acetone-petroleum ether raised 
the melting point to 107°, undepressed on admixture with an 
authentic specimen. From the hexahydro compound (IV), 
the acetate (IVa) was formed by the usual method (see 
below).

(c) From 3-keto-5-hydroxy-a-santanic acid-a (III). To the 
solution of hydroxy acid (III, 0.05 g.) in methanol (5 cc.), 
dropwise, an aqueous solution of sodium borohydride (0.02 
g. in 0.1 cc. water) was added. After standing at room tem
perature for 1 hr., the reaction mixture was saturated with 
sodium chloride and then extracted with ether. The organic 
layer was washed with aqueous sodium bicarbonate, water, 
dried, and evaporated. There was obtained 0.04 g. (85%) of 
a hexahydro-a-santonin-a (IV) as colorless needles, m.p. 
100-102°. Recrystallization from benzene-petroleum ether 
raised the melting point to 107-108° (mixed m.p.). From 
the hexahydro compound (IV), the acetate (IVa) was formed 
by the usual method (see below).
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An acetate (IVa, R = Ac), obtained in 80-90% yield from 
the hexahydro compound (IV) by the usual method, was 
recrystallized from ethanol, giving colorless prisms, m.p. 
200-201°; [«1'D‘ +19.4° (c 1.13; CHCh); X™013 1770, 
1733, 1456, 1372, 1250, 1149, 1127, 1042, 1029, 1018, 995, 
935 cm. -1 [reported,4 m.p. 199-200°; [a]2D° +15.4° (c 
0.72)].

The acetate (IVa) was h\rdrolvzed with 3% methanolic 
sodium hydroxide. Acidification of the reaction mixture 
gave the original hexahydro compound (IV) as colorless 
needles, m.p. and mixed m.p. 108-109°.

A tosylate (IVb, R = Ts) was obtained in 93% yield from 
the hexahj-dro compound (IV) by the same procedure as in 
Vb. Recrystallization from ethanol furnished colorless plates, 
m.p. 168-169° (dec. 170°); [a]1̂  +20.0° (c 1.70; CHCh); 
X“ cu 1776, 1608, 1456, 1357, 1174, 1126, 1098, 1017, 996, 
946, 849 cm. -1

Anal. Calcd. for C22H30O5S: C, 64.99; H, 7.44. Found: 
C, 65.33; H, 7.19.

Tetrahydro-a-santonin-b-S-ketal (VI). Ey a slight modi
fication of the procedure previously reported,7 the ketal (VI) 
was obtained in 70% yield from tetrahydro-a-santonin-6
(I), as colorless plates, m.p. 168°; [«Id4 +26.1° (c 5.4; 
CHCh). Reported,7 m.p. 167-168.5°; [a]8r. +23.4°.

a-Santan-5,12-diol-b-8-ketal (VII). By an effective modi
fication of the method,7 the ketal (VI, 0.40 g.) was reduced 
in absolute ether-benzene solution with lithium aluminum 
hydride, gave 0.35 g. (86%) of VII, as colorless needles, 
m.p. 145°. Recrystallization from acetone raised the melting 
point to 149°; [«Id8 —10.7° (c 6.7; CHCh). Reported,7 m.p. 
149-151°; [a] d -14.0°.

S-Kcto-a-santan-o,12-<liol-a (VIII). (a) By an effective 
modification of the method,7 the diol ketal (VII, 0.17 g.) 
was treated with sulfuric acid in acetone, giving 0.11 g. 
(76%) of VIII, as colorless needles, m.p. 119-120°; !%”cu 
3413 (OH), 1706 cm. -1 (C = 0) (reported 7 m.p. 117-118°).

(b) The above keto-diol (VIII) was also prepared directly 
from the ketal (VI) as follows: To an ethereal solution (60 
cc.) of lithium aluminum hydride (0.6 g.), the ketal (VI, 
2.00 g.) in absolute ether benzene (6 : 1, 60 cc.) was added 
dropwise, with stirring (1 hr.). After heating under reflux 
with stirring for 3 hr., the reaction mixture was cooled with 
water, and cold dilute sulfuric acid (7%, 30 cc.) was added 
into the reaction mixture with careful stirring. After the 
mixture was heated under reflux for 1 hr., the organic layer 
was separated and washed with water. Evaporation of the 
dried solution left 1.20 g. (70%) of VIII, as colorless needles 
m.p. 117-118° (mixed m.p.).

8-Keto-a-santan-5,12-oxide (IX). (a) Chmmensen method. 
By an effective modification of the procedure previously re
ported,3 the ketodiol (VIII, 0.80 g.) in toluene (2 cc.) was 
heated to reflux for 24 hr. with amalgamated zinc (prepared 
from 2.0 g. of zinc and 0.08 g. of mercuric chloride) in 3 cc. 
of concentrated hydrochloric acid and 2 cc. of water. One 
cc. each of concentrated hydrochloric acid was added to the 
refluxed reaction 3 times during a period of 5 hr. After cool
ing, benzene was added to the reaction mixture, and the 
organic layer was separated, washed with water, dried, and 
evaporated. There was obtained 0.73 g. (98%) of an oxide 
(IX) as colorless plates, m.p. 70-75°. Recrystallization from 
petroleum ether raised the melting point to 84-85°; [a]3,8 
+  11.8° (c 3.4; CHCh); X™cl3 1712 (C = 0 ), 1125 cm.-‘ 
(tetrahydrofuran).

Anal. Calcd. for C15H24O2: C, 76.22; H, 10.24. Found: 
C, 76.47; H, 9.99.

It showed obvious depression of the melting point (71- 
77°) on admixture with the starting material (VIII, m.p. 
118-119°).

With Brady’s reagent, IX gave in 70% yield a 2,4-dinitro- 
phenylhydrazone, which was recrystallized from ethyl acetate 
to golden yellow plates, m.p. 188-189°.

Anal Calcd. for CjiHaOsNj: C, 60.56; H, 6.78; N, 13.45. 
Found: C, 60.55; H, 6.66; N, 13.61.

(b) With hydrochloric acid. The keto-diol (VIII, 0.05 g.)

in toluene (1 cc.) was mixed with concentrated hydrochloric 
acid (0.3 cc.) and water (0.1 cc.), and then the mixture was 
heated to reflux for 16 hr. On working up as described for 
(a), the oxide (IX, 0.04 g., 86%,) was obtained as colorless 
plates, m.p. and mixed m.p. 83-84°.

(c) With p-tolne.nesulfon.ic acid. The keto-diol (VIII, 0.03 
g.) was dissolved in benzene (2 cc.), which was heated under 
reflux with p-toluenesulfonic acid (monohydrate, 0.01 g.) 
for 0.5 hr. After cooling, the benzene solution was washed 
with aqueous sodium bicarbonate. Evaporation of the dried 
solution left a pale yellow sirup (IX, 0.02 g., 72%), wdiich 
furnished in 57% yield the 2,+dinitrophenylhydrazone, 
m.p. 188-189° (mixedm.p.).

(d) Deninger-Einhorn method. To a cold solution of the 
keto-diol (VIII, 0.16 g.) in pyridine (1.5 cc.) was added p- 
toluenesulfonyl chloride (0.16 g.). After standing at room 
temperature for 5 days, the reaction mixture was poured into 
ice water, and taken up in ether. The ether solution was 
washed, successively, with water, 5% hydrochloric acid, 
aqueous sodium bicarbonate, and then water. Evaporation 
of the dried ethereal solution left a colorless sirup (IX, 0.12 
g., 80%), which gave in 60% yield of the 2,4-dinitrophenvl- 
hydrazone, m.p. 188-189° (mixed m.p.).

The oxide (IX. 0.05 g.) was treated with Clemmensen 
reduction the same condition as mentioned in (a), giving 
quantitative recovery of the starting material as colorless 
plates, m.p. and mixed m.p. 83-84°.

a-Santan-5,12-diol-a (X, R = H). (a) From 3-kelo-a- 
santan-5,12-diol-a (VIII). To a solution of metallic sodium 
(0.31 g.) in diethylene glycol (9 cc.) was added the keto- 
diol (VIII, 1.30 g.) and hydrazine hydrate (80%, 0.65 c.c.). 
After refluxing for 2 hr. at 180-190° (bath temperature) 
the condenser was removed. The reaction continued until 
the bath temperature had reached 200-210°, when reflux 
continued for 5 hr. After cooling, the reaction mixture was 
poured into an equal amount of water and extracted with 
ether. The ethereal solution was washed with water, dried, 
and evaporated, giving 1.07 g. (87%) of the diol (X) as 
white needles, m.p. 100-103°. Recrystallization from ethanol 
or sublimation in vacuo (2 mm., 85-90°) gave colorless 
prisms, m.p. 107-108°; [«Id8 —28.2° (c 2.2; CHCh) and 
[a]sD° -21.5° (c 2.6; EtOH); X î°‘ 3226, 1107, 1025 cm .-' 
(OH).

Anal. Calcd. for CisHaO-,: C, 74.95; H, 11.74. Found: 
C, 74.93; H, 11.94.

(b) From Sa-hydroxy-tetrahydro-a-santonin-a (IV). A solu
tion of the tosylate (IVb, 0.20 g.) in absolute benzene-ether 
(6:1, 7 cc.) was added dropwise, with stirring to the solu
tion of lithium aluminum hydride (0.06 g.) in absolute 
ether (6 cc.). After reflux with stirring for 10 hr., excess 
reagent in the cooled reaction mixture was decomposed with 
water and then 5% hydrochloric acid. The separated 
organic layer was washed with water, dried, and evap
orated, giving a pale yellow sirup (0.11 g.), which was 
chromatographed on alumina (10 g.). Elution with benzene- 
ethanol (1:1) afforded a pale yellow sirup (0.10 g.), which 
was sublimated at 3 mm. (85-90°, bath temperature), gave 
0.06 g. (51%) of the diol (X) as colorless needles, m.p. and 
mixed m.p. 107-108°.

Deninger-Einhorn reactions of a-santan-5,12-diol-a (X). 
(a) With p-nitrobenzoyl chloride at lower temperature. To a cold 
solution of the diol (X, 0.10 g.) in pyridine (6 cc.) was added
1.1 molar equivalents of p-nitrobenzoyl chloride (0.08 g.). 
After standing in refrigerator at 0° for 48 hr., the reaction 
mixture was poured into ice water, and the separated solid 
was taken up in ether. The ethereal solution was washed, 
successively, with 10% hydrochloric acid, water, aqueous 
sodium bicarbonate and water, giving 0.12 g. (75%) of the 
mono-p-nitrobenzoate (Xa), as white needles, m.p. 150°. 
Recrystallization from benzene raised the melting point 
to 165-166°; X“ c" 1727, 1531, 1350, 1277, 1166, 1103, 1053, 
1038, 1016, 974 cm.-1

Anal. Calcd. for C22H31NO5: C, 67.84; H, 8.02; N, 3.60. 
Found: C, 67.77; H, 8.06; N, 3.50.
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(b) With p-nitrobenzoyl chloride at room temperature. 
To a cold solution of the diol (X, 0.15 g.) in pyridine (10 cc.) 
was added 2.4 molar equivalents of p-nitrobenzoyl chloride 
(0.30 g.). After standing at room temperature for 48 hr., 
the reaction mixture was treated as above. The bis-p-nitro- 
benzoate (Xb, 0.25 g., 74%) m.p. 160-164° deposited as 
white needles, which was recrystallized from ethanol (con
tained small amount of ethyl acetate) to white needles, m.p.
169-170°; A™cl> 1727, 1534, 1348, 1274, 1172, 1117, 1104, 
1017 cm. - 1

Anal. Calcd. for CoJT jNÌOì : C, 64.67; H, 6.36; X, 5.20. 
Found: C, 64.44; H, 6.40; N, 5.14.

It showed obvious depression (139-142°) of the melting 
point on admixture with the mono-p-nitrobenzoate (Xa).

To a cold solution of the mono-p-nitrobenzoate (Xa, 0.05 
g.) in pyridine (3 cc.) was added the same reagent (0.05 g.). 
After standing at room temperature for 48 hr., the reaction 
mixture was treated as above, giving 0.06 g. (87%) of the 
bis-p-nitrobenzoate (Xb) as white needles, m.p. and mixed 
m.p. 168-169°.

(c) With 3,5-dinitrobenzoyl chloride at lower temperature. 
The diol (X, 0.15 g.) was treated at lower temperature as 
described above, with 1.1 molar equivalents of 3,5-dinitro- 
benzoyl chloride (0.16 g. ), giving crude product as a white 
powder (0.21 g., the melting range of 120-134°). The mate
rial was triturated with ethanol (0.5 cc.) at room temper
ature. After removal of an insoluble substance (0.005 g.), 
solvent was evaporated with addition of a small amount of 
benzene, and then deposited the mono-3,5-dinitrobenzoate 
(Xc, 0.12 g., 45%) as white needles, m.p. 135-138°. Recrys
tallization from benzene raised the melting point to 141— 
142°, A™cu 1736, 1553, 1348, 1280, 1167, 1081, 1036, 1003, 
987, 920 cm. - 1

Anal. Calcd. for C22H30N2O7: C, 60.81; H, 6.96; N, 6.45. 
Found: C, 60.88; H, 6.93; N, 6.43.

The mother liquor from crystallization of Xc gave a white 
powder (0.08 g. ), which was chromatographed on alumina 
(6 g. ). Elution with benzene afforded an additional 0.03 g. 
(total 0.15 g., 54%) of the monobenzoate (Xc) as white 
needles, m.p. and mixed m.p. 141-142°. The following frac
tions, eluted with ethyl acetate, afforded 0.05 g. (33%) of 
the starting diol (X) as colorless needles, m.p. and mixed 
m.p. 103-104° (sublimation at 3 mm.).

An ethanol insoluble substance was recrystallized from 
ethyl acetate-ethanol (2:1), giving the bis-3,5-dinitroben
zoate (Xd, described below) as white needles, m.p. 181-182° 
(mixed m.p.).

(d) With 3,5-dinitrobenzoyl chloride at room temperature. 
The diol (X, 0.15 g.) was treated at room temperature as 
described above for (b), with 2.2 molar equivalents of the 
reagent (0.32 g.), giving 0.34 g. (87%) of the bis-3,5-dinitro
benzoate (Xd) as white needles, m.p. 162°. Recrystallization 
from ethyl acetate-ethanol (2 : 1) raised the melting point 
to 181-182°; \ “ °" 1736, 1553, 1347, 1277, 1167, 1075, 1034, 
1005, 980, 953,921cm.-1

Anal. Calcd. for C29H32N4O12: C, 55.41; H, 5.13; N, 8.91. 
Found: C, 55.42; H, 5.05; N, 8.77.

The mono-3,5-dinitrobenzoate (Xc, 0.02 g.) was treated 
with the same reagent (0.02 g.) in pyridine, as described 
above for (b), giving 0.02 g. (70%) of the bis-3,5-dinitro
benzoate (Xd), m.p. and mixed m.p. 181-182°.

Deninger-Einhorn reactions of a-santan-5,12-diol-b (XII, 
R = H). (a) With p-nitrobenzoyl chloride. The diol-6 (XII, 
0.05 g.) was treated at room temperature as described above 
for Xb, with 2.4-molar equivalents of the reagent (0.10 g. ), 
giving a mono-p-nitrobenzoate (Xlla, 0.07 g., 86%) as 
white needles, m.p. 120°. Recrystallization from ethanol con
taining small amount of ethyl acetate, raised the melting 
point to 135-136°; A™cls 1730, 1613, 1534, 1351, 1279, 
1117, 1104, 1017, 975 cm.-1 (reported,8 m.p. 134-135.5°).

The mono-p-nitrobenzoate (Xlla, 0.05 g.) was warmed 
with the same reagent (0.05 g.) in pyridine at 60° for 5 hr. 
The starting material (0.05 g.) was recovered, m.p. and 
mixed m.p. 135°.

(b) With 3,5-dinitrobenzoyl chloride. The diol-5 (XII, 
0.05 g.) was treated at room temperature as described above, 
with 2.0 molar equivalents of the reagent (0.11 g.), giving 
0.10 g. of semicrystalline product. Recrystallization from 
ethanol gave 0.07 g. (54%) of mono-3,5-dinitrobenzoate 
(Xllb) as white needles, m.p. 140°; A™cls 1736, 1635, 1552, 
1347, 1279, 1166, 1075,1025, 978, 911 cm. - 1

Anal. Calcd. fcr C22H30N2O7: C, 60.81; H, 6.96; N, 6.45. 
Found: C, 60.73; H, 6.73; N, 6.85.

S-Desoxytetrahydro-a-santonin-a (XI). (a) With chromium 
trioxide in acetic acid. To a solution of chromium trioxide 
(0.14 g., 1.2 molar equivalents) in glacial acetic acid (5 cc.) 
and water (0.2 cc.), added dropwise the diol-a (X, 0.20 g.) in 
glacial acetic acid (2 cc.) at 15-20° with stirring. After stir
ring was continued for 1 hr. at 20°, the solution was poured 
into twice volume of water to decompose the excess chro
mium trioxide with aqueous sodium bisulfite. The deposited 
colorless leaflets were filtered and washed with water, show
ing m.p. 142° (0.13 g.). The crude product was taken up 
in ether and washed with aqueous sodium bicarbonate, 
water, and dried, giving the 3-desoxytetrahydro-a-santonin- 
a (XI, 0.12 g., 61%) as colorless plates, m.p. 149°. Recrys
tallization from ethanol raised the melting point to 151- 
152°; M 2d7 +57.6° (c 2.64; CHCI,); X̂ 1 1776 (7-lactone), 
1460, 1388, 1332, 1189, 1155, 1133, 1117, 1030, 1014 cm. " 1 
(reported,6 m.p. 153-155°, [a]D +46.7°; and m.p. 155-157°, 
[«]D+47.5°).

Anal. Calcd. for C15H24O2: C, 76.22; H, 10.24. Found: C, 
76.49; H, 10.11.

A residual semisolid, obtained from the mother liquor of 
XI was worked up as above. The residual semicrystalline 
mixture was triturated with petroleum ether. Recrystalli
zation from ethanol furnished an additional 0.02 g. (total 
0.14 g., 71%) of XI, m.p. 145-148° (mixed m.p.).

(b) With chromium trioxide in pyridine. To a solution of 
the desoxy diol-a (X, 0.50 g.) in pyridine (6 cc.) was added 
a complex of chromium trioxide (0 81 g.) in pyridine (12 cc.). 
After standing at room temperature for 24 hr. the precipi
tate on addition of ether, was filtered off and then the 
ethereal solution was washed, successively, with aqueous 
sodium bicarbonate, water, 10% hydrochloric acid, and 
water. Evaporation of the dried ethereal solution afforded 
0.12 g. (49%) of XI as colorless plates, m.p. 148-149°. 
Recrystallization from ethanol raised the melting point to 
150-151° (mixed m.p.). It showed obvious depression (ca. 
30°) of the melting point on admixture with XIII described 
below.

S-Desoxy-tetrah.ydro-a-santonin-b (XIII), was prepared 
in 68% yield, from a-santan-5,12-diol-& (XII, m.p. 154- 
155°)n by oxidation with chromium trioxide in pyridine, as 
described for XI, m.p. and mixed m.p. 152°+6’n

5a-Hydroxy-a-santanic acid-a (XIV). After the 3-desoxy- 
tetrahydro-a-santonin-a (XI, 0.25 g.) was dissolved in 
methanol (3 cc.) and 5% sodium hydroxide (10 cc.), the 
solution was heated on a water bath under reflux for 5 hr. 
The methanol was removed under reduced pressure, the 
aqueous alkaline solution was washed writh ether, and acidi
fied with cold 10% hydrochloric acid. The acidic solution 
was extracted with ether, which was w-ashed with water. 
Evaporation of the dried ethereal solution under reduced 
pressure, furnished 0.20 g. (74%) of the hydroxy acid
(XIV) as white needles, m.p. 130°. Recrystallization from 
ether-petroleum ether raised the melting point to 148- 
149°; [aJ2D8 +64.1° (c 0.97; CHCh); Â 01 3236, 2604, 1773, 
1681 cm. -1

Anal. Calcd. for CisFWh: C, 70.83; H, 10.30. Found: C, 
70.77; H, 10.26.

It showed obvious depression (ca. 20°) of the melting 
point on admixture with the starting lactone (XI).

A s-(p-nitrober.zyl)thiuronium salt20 of XIV was prepared

680

(20) R. L. Shriner, R. C. Fuson, and D. Y. Curtin “The 
Systematic Identification of Organic Compounds,” 4th 
ed., John Wiley <fc Sons, Inc., New York, 1956, p. 202.
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from the hydroxy acid (XIV, 0.03 g.) and p-nitrobenzyl 
thiuronium chloride (0.05 g.) in ethanol (1.5 oc.). The solu
tion was concentrated under reduced pressure to deposit 
white needles (0.05 g., 91%), m.p. 148-150° (turned to 
brown). Recrystallization from minimum amount of etha
nol, raised the melting point to 153-154° (turned to brown).

Anal. Calcd. for C23H35N3O5S: C , 59.33; II, 7.58. Found: 
C, 59.16; H, 7.70.

The hydroxy acid (XIV, 0.05 g.) was heated under re
flux on a water bath in methanol (2 cc.) and 5% hydro
chloric acid (1 cc.) for 1 hr. The solution was condensed 
under reduced pressure, and the residue was extracted with 
ether, washed with water, dried, and evaporated. Recrys
tallization of the residue from ethanol, afforded 0.04 g. 
(86%) of the starting lactone (XI) as colorless plates, 
m.p. and mixed m.p. 150-151°.

5-Kelo-a-santanic acid-a (XV). The hydroxy acid (XIV, 
0.10 g.) was added to a solution of chromium trioxide (0.10 
g.) in pyridine (2 cc.). After standing at room temperature 
for 72 hr., the precipitate formed on addition of ether, was 
filtered off and then the ethereal solution was extracted with 
aqueous sodium bicarbonate. The alkaline solution was 
acidified with hydrochloric acid and warmed on a water 
bath for 0.5 hr. After cooling, the separated oil was extracted 
with ether. The ethereal solution was again extracted with 
aqueous sodium bicarbonate, which was acidified with 10% 
hydrochloric acid and taken up in ether. Evaporation of the 
dried ethereal solution left 0.05 g. (63%) of the keto-acid
(XV) as colorless oil, the attempt of crystallization of which 
was unfruitful after it was chromatographed on alumina. 
Furthermore, it could not form the 2,4-dinitrophenylhy- 
drazone by the usual method.

A s-(p-nitrobenzyl)lhiuronium sail of XV was obtained in 
69% yield, by the same procedure as described for XIV, as 
white fine needles (m.p. 162-163°). Recrystallization from 
ethanol, afforded white leaflets, m.p. 168-169° (turned to 
orange), X lf11706, 1527, 1408, 1130, 1105 cm. - 1

Anal. Calcd. for C23H 33N 3O5S: C, 59.58; H, 7.18; N, 9.06. 
Found: C, 59.42; H, 7.03; N, 8.88.

Inversion of 6-kelo-a-santanic acid-a (XV) to 6-keto-a- 
sanlanic acid-d (XIX). (a) By only heating. The keto-acid 
(XV, 0.22 g.) was heated in vacuo (2 mm.) at 180-190°. A dis
tilled colorless sirup was readily crystallized to colorless 
needles (0.12 g., 55%), m.p. 152-154°. The residue from the 
above distillation was crystallized from petroleum ether 
to the same crystal (0.07 g., total 86%), m.p. and mixed 
m.p. 156-157°. Recrystallization from petroleum ether 
furnished colorless needles, m.p. 159-160.6°. It showed no 
depression of the melting point on admixture with an au
thentic specimen of 5-keto-a-santanic acid-d (XIX), obtained 
from ejs-fused tetrahydro-a-santonin-d (XXI) described 
below.

(b) By 8% -potassium hydroxide solution. The keto-acid 
(XV, 0.07 g.) was heated on a water bath in dioxan (0.5 cc.) 
and 3% potassium hydroxide (1.4 cc.) as reported pre
viously.14 The acidified solution was extracted in ether. 
Evaporation of the dried ethereal solution left 0.06 g. (86%) 
of XIX as white needles, m.p. 153-155°. Recrystallization 
from petroleum ether raised the melting point to 159-160.5° 
(mixed m.p.).

5-Kelo-a-santanic acid-b (XVII). (a) From 3-desoxytetra- 
hydro-a-santonin-b (XIII). The 3-desoxy compound (XIII, 
1.00 g.) was dissolved in an aqueous potassium hydroxide 
(3%, 40 cc.) and a minimum amount of ethanol (3 cc.). 
After distillation of organic solvent, the ice cold reaction 
mixture was acidified with dilute acetic acid and extracted 
with ether. To the ethereal solution of the acid (XVI) was 
added a few drops of pyridine to prevent relactonization, 
as reported previously.14 After distillation o:' the ether under 
reduced pressure, the residual crude acid (XVI) was mixed 
with a mixture of 2 g. of chromium trioxide and 17 cc. of 
pyridine. The mixture was allowed to stand at room tem
perature over night. Ether was added to the reaction mixture, 
the precipitate was filtered off, and the ethereal solution

was washed successively with 10% hydrochloric acid, 
water, and saturated sodium bicarbonate. The alkaline solu
tion was acidified with 10%. hydrochloric acid and heated 
on a water bath fer 0.5 hr., and the separated oil was taken 
up in ether. The ethereal solution was extracted with aque
ous sodium bicarbonate. The combined ethereal solution 
was dried and evaporated to give 0.70 g. (70%,) of re
covered XIII (m.p. and mixed m.p. 150-151°). The alkaline 
solution was acidified with 10% hydrochloric acid, and ex
tracted with ether. Evaporation of the dried ethereal solu
tion left 0.17 g. (16%) of the keto-acid-6 (XVII) as colorless 
prisms, m.p. 80°. Recrystallization from petroleum ether 
melting point raised to 95-96° (reported, m.p. 98-99°).

A s-(p-nitrobenzyl)thiuronium salt of XVII was prepared 
in 96% yield by the method as described for XV, as white 
fine needles, m.p. 175° (turned to orange) (from ethanol), 

1709, 1524, 1404, 1117, 1092 cm. “1
Anal. Calcd. fer C23H33N3O6S: C, 59.58; H, 7.18; N,

9.06. Found: C, 59.69; H, 7.42; N, 8.82.
An attempt of purification of XVI was unfruitful: The 

3-desoxy lactone (XIII, 1.00 g.) was dissolved as above to 
aqueous alkaline solution, and acidified with 3% hydro
chloric acid under ice cooling, and extracted with ether. The 
dried ethereal solution was evaporated in vacuo. There 
was obtained the starting lactone XIII (0.95 g.) as color
less leaflets, m.p. and mixed m.p. 150-151°.

On the other hand, when 3-desoxytetrahydro-a-santonin-6
(XIII) was oxidized with Ar-bromoacetamide by the method 
reported previously,14 or aqueous alkaline permanganate 
solution, the starting material was recovered in 90% and 
67% yield, respectively.

The keto-acid (XVII) was quantitatively recovered in 
the attempt of equilibration under the same alkaline condi
tion as described fer XV. With Brady’s reagent, it could not 
form the 2,4-dinitrcphenylhydrazone.

(b) From 8,6-diketo-a-santanic acid-b (XVIII). The keto- 
acid-6 (XVII) was furnished in 77% yield from 3,5-diketo-a- 
santanic acid-6 (XVIII)14' 15 by the Clemmensen reduction 
as described for IX (m.p. and mixed m.p. 97-98°).

8-Desoxytetrahydro-a-sanlonin-d (XXI). The Clemmensen 
reduction of cis-fused tetrahydro-a-santonin-d (XX, 2.00 
g.)16 was carried out as the same procedure as for IX. 3- 
Desoxy compound (XXI) was afforded in 96%, yield as 
crude crystals (m.p. 76°), which was recrystallized from 
petroleum ether to colorless prisms, m.p. 85°; [«]3D' —16.8° 
(c 1.67; EtOH); vclo' 1772 cm.-1 (7-lactone) [reported,11 
m.p. 86-87° and [a]2D° -27.9° (CHCh)].

6-Keto-a-santanic. acid-d (XIX). (a) 3-Desoxytetrahydro- 
«-santonin-d (XXI, 0.40 g.) was dissolved in an aqueous 
potassium hydroxide (1.2%, 40 cc.), and was carried out 
the same procedure as described for ¿raras-fused isomer 
(XVII). The crude hydroxy acid was oxidized in pyridine 
(6 cc.) with chromium trioxide (0.60 g.) as described for
XI. There was obtained 0.07 g. (16%) of crude keto-acid-d 
(XIX) as white needles, m.p. 157°, and 0.22 g. (55%,) of the 
starting lactone (XXI). Recrystallization from petroleum 
ether raised the melting point to 159-160.5°; [«Id2 —88.5° 
(c 1.33; CHCI3 ); ivHS'3 1709 cm.-1 (reported,6 m.p. 159— 
160°, [«]n-84.2°).

Anal. Calcd. for CndhuCb: C, 71.39; H, 9.59. Found: C,
71.51 ;H, 9.64.

A s-(p-nitrobenzyl)lh iouronium salt of XIX was prepared 
from the keto-acid (XIX, 0.05 g.) in the usual manner. 
There was obtained 0.08 g. (87%) of the salt as white leaflets, 
m.p. 138-139°. After recrystallization from ethanol the 
melting point raised to 141-142° (turned to brown); X^°' 
1700, 1521, 1393, 11.55, 1115 cm. - 1

Anal. Calcd. for CkIFbNjOsS: C, 59.58; H, 7.18; N,
9.06. Found: C, 59.67; II, 7.05; N, 9.04.

The keto-acid (XIX) was quantitatively recovered in the 
attempt of equilibration under the same alkaline condition 
as described for XV, and it could not form the 2,4-dinit.ro- 
phenylhydrazone of XIX in the usual manner.
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(b) The 3-desoxy compound (XXI, 0.50 g.) was dissolved 
in an aqueous potassium hydroxide (1.2%, 50 cc.). The ice 
cooled reaction mixture was acidified with dilute hydro
chloric acid, and extracted with ether. The ethereal solution 
was esterified with diazomethane in the usual manner. To 
the residue, which was obtained on evaporation of the 
ethereal solution, was added a mixture of chromium trioxide 
(1 g.) in pyridine (10 cc.). After standing at room temper
ature for 72 hr., the reaction mixture was treated as usual, 
giving a colorless sirup (0.47 g.). It was hydrolyzed with an 
aqueous potassium hydroxide in methanol, and acidified 
with dilute hydrochloric acid. On cooling, 0.36 g. (67%) of 
XIX deposited as white needles, m.p. 150°, which was raised

by recry'stallization from petroleum ether to 160-161° 
(mixed m.p.).
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The relative rates of reaction of acetylenic acids, alcohols, esters, ethers, halides, and hydrocarbons with dicobalt octa- 
carbonyl have been determined. The differences in the relative reactivities are not great; however, carboxy-, carbomethoxy- 
and methylol- groups appear to enhance the reactivity when attached to the triple bonded carbon. The observed relative 
reactivities are not correlated with possible electronic effects. A decrease in relative reactivity can be traced to steric factors. 
An anomalous behavior of certain propargyl-type halides was found and has been attributed to a possible coupling reaction 
of those halides in the presence of dicobalt octacarbonyl.

In a recent investigation,6 it was reported that 
dicobalt octacarbonyl reacts with acetylenic com
pounds producing acetylenic dicobalt hexacar- 
bonyls and evolving carbon monoxide according 
to the reaction
R—C =C —R ' +  Co2(CO)8 — >-

RC2R'Co2(CO)6 +  2CO. (1)

A kinetic study of this reaction with hexyne-1 
and with hexyne-2 has been made.6 This investi
gation gave kinetic evidence that in solution a 
small amount of a reactive form of dicobalt octa
carbonyl is present. Kinetic evidence was also 
found for an acetylenic dicobalt heptacarbonyl 
intermediate.6

The purpose of the present stud}- was to de
termine the effect of various groups (R- and 
R'-) upon the rate of reaction. The relative reactivi
ties of various acetylenic acids, alcohols, esters, 
ethers, halides, and hydrocarbons were determined 
from the half-lives of their reactions. These half- 
lives were obtained from a plot of volume of evolved 
carbon monoxide versus time. The half-life of the 
reaction with hexyne-1 was assigned a value of 100

(1) Abstracted from a portion of the Ph.D. Thesis of
M. R. Tirpak, University of Pittsburgh (1958).

(2) Air Reduction Chemical Company Fellow', 1955-56.
(3) Present address, Standard Oil Co. (Ind.), Whiting, 

Ind.
(4) Diamond Chemical Company, Painesville, Ohio.
(5) II. Greenfield, H. W. Sternberg, R. A. Friedel, J. II. 

Wotiz, R. Markby, and I. Wender, J. Am. Chem. Soc., 78, 
120(1956).

(6) M. R. Tirpak, J. H. Wotiz, and C. A. Hollingsworth,
J. Am. Chem. Soc., 80, 4265 (1958).

on the relative reactivity scale and the relative 
reactivity of each acetylenic compound was cal
culated from
Relative reactivity = ____ l'/, (hexyne-1)_____

¡Ví (acetylenic compound) X 100

(2)

The average half-life ( t i / 2)  for hexyne-1 calculated 
from twenty-cne individual experiments was found 
to be 320 seconds.

EXPERIMENTAL

Procedure. The rates of reaction of various acetylenic 
compounds were determined by measuring the rates of 
evolution of carbon monoxide. The apparatus and procedure 
that were used have been described in a previous paper.6 
Liquid acetylenes were introduced into the reaction flask 
with a hypodermic syringe. Standard solutions of acetylenic 
solids were prepared in toluene and aliquots of these solu
tions were injected into the reaction flask. The total volume 
of solution in the reaction flask was 50 ml.

The initial concentrations of both the dicobalt octacar
bonyl and the acetylenic compound were 0.200 moles l. -1 
In all cases the reaction was carried out in toluene solution 
and at a temperature of 25°.

Materials. Toluene was obtained from the Neville Chemi
cal Co., Pittsburgh, Pa. and was redistilled; b.p. 108-109°. 
Dicobalt octacarbonyl was obtained through the courtesy 
of the Bureau cf Mines, Bruceton, Pa. The dicobalt octa
carbonyl reagent was prepared in toluene solution as de
scribed in a previous paper.6

The acetylenic compounds were prepared with the pur
pose of obtaining pure materials; hence, no attempt wyas 
made to determine yields of the new compounds. These 
materials (as listed in Tables I, II and III) were obtained 
by the general syntheses or specific procedures as indicated 
below:

A. Alkylation (one- or two-step) of sodium acetylide in 
liquid ammonia.
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Table I
Acetylenic Hydrocarbons

R— Q=C—IT_______  Preparation, _____________ Physical Properties____________ Relative
R— —R ' .Method (Ref.) B.P., ° (mm.) nD(°C.) d, (°C.) Reactivity“

/¿-C.j r,—
n-CiHg—-

C2 H5—
¿-c4h 3—
CH3—
CH2=C(CH 3)—
H—C =C —(CH2)4—
c 6h 6—
o-c h 3c 6h 4—
m-CH3C6H4—
p-CH3C6H4—
2.4- ( CHo )2—
2.5— (CH 3 )2—C4I I
3,4-(CHs)2—CsH,—

—H A (7) 70.5 (atm.) 1.3970(24) 0.7137(26) 100
—D B (8) 70-74 (atm.) 1.3970(23) 0.722(22) 105
—CH3 A (9) 82-83 (atm.) 1.4127(24) 0.7401(20) 60
- c2h 6 A (9) 79-80 (atm.) 1.4101(23) 0.7231(20) 98
—H E (10) 35-36 (atm.) 1.3743(21) 0.6683(20) 88
—c h 3 C . . . 29 (atm.) 1.3880(27) 0.6913(20) 56
—H C . . . 32.5 (atm.) 1.4148(21) 0.695(25) 119
—H A (9) 32.5-33.5(55) 1.4454(21) 0.8195(24) 81
—H D-l (9) 44-45(22) 1.5488(22) 0.9283(22) 114
—H F (11) 42-44(6) 1.5460(21) 0.9224(24) 78
—H F(12a) 62-64(18) 1.5427(21) 0.9073(26) 110
—II D-l (9) 61-62(20) 1.5455(24) 0.9159(20) 112
—H D-2 (9) 69-71(9) 1.5451(25) 0.930(23) 88
—H D-l(12b) 49(2) 1.5412(24) 0.9180(21) 88
—H D-l(12c) 59-62(3) 1.5494(25) 0.9246(24) 115

—H D-l (9) 02-63(2.5) 1.5440(25) 0.9185(25) 20

—H D-l (12d) 88-90(2) 1.5313(23) 0.9018(22) 23

- c 6h 5 G (9) 150(8)
(M.p. 58-60)

60

“ Relative to a value of 100 assigned to hexyne-1.

B. Deuterolysis of 1-hexynylsodium with deuterium oxide 
(99.5%).

C. Courtesy of the Air Reduction Chemical Co., Murray 
Hill, N. J.

D. Reaction of the acetophenone-type compound with 
phosphorus pentachloride followed by dehydrochlorination 
with (1) sodium amide in liquid ammonia or (2) alcoholic 
potassium hydroxide.

E. Chlorination of pinacolone with phosphorus penta
chloride and then dehydrochlorination with a mixture of 
potassium hydroxide in mineral oil (equal parts by weight). 
Itedistillation of the low boiling fraction (up to 70°) from 
this mixture gave a pure product.

F. Reaction of a methylphenylmagnesium bromide with 
gaseous acetaldehyde followed by hydrolysis, dehydration to 
the styrene-type compound, addition of bromine and dehy- 
drobromination with sodium amide in liquid ammonia.

G. Addition of methylmagnesium bromide to benzophe- 
none followed by hydrolysis, dehydration to 1,1-diphenyl- 
ethylene, addition of bromine, and dehydrobromination 
accompanied with rearrangement using sodium amide in 
liquid ammonia.

H. Alkylation of sodium acetylide in liquid ammonia with 
a chlorobromide and conversion of the resultant u-chloro- 
acetylene to the corresponding iodo-compound by refluxing 
with sodium iodide in acetone solution.

I. Courtesv of the General Aniline and Film C-orp., Easton, 
Pa.

J. Chlorination of the analogous propargyl-type alcohol 
with (1) phosphorus trichloride or (2) thionyl chloride and 
pyridine in dry ether.

K. Bromination of the corresponding alcohol or diol with 
phosphorus tribromide in dry ether.

L. Decarboxylation of the copper(II) salt of the chloro- 
phenyl propiolic acid.

M. Reaction of the alkynylmagnesium bromide in dry 
ether with gaseous (1) formaldehyde or (2) acetaldehyde 
followed by hydrolysis.

N . Reaction of sodium amide with dibutylchloroaeetal in 
liquid ammonia.

O. Action of dimethyl sulfate on the sodium salt of 
propargyl alcohol.

P. Courtesy of C. C. Price and J. Frank Gillespie of the 
University of Pennsylvania.

Q. Suspension of hexynylsodium in ether poured on a 
large excess of Dry Ice followed by hydrolysis with aqueous 
ammonium chloride.

R. Preparation of l-iodo-4-heptyne, as described in 
Method H, followed by conversion to l-cyano-4-heptyno 
with aqueous potassium cyanide in acetone solution and 
then hydrolysis.

S. Dehydrobromination of ethyl-a,/?-dibromo-j3-phenyl- 
propionate in alcoholic potassium hydroxide followed by 
acidification.

T. Esterification of the analogous alkynoic acid with 
methanol.

U. Reaction of dihydropyran with propargyl alcohol.

DISCUSSION

The relative reactivities of the various acetylenic 
compounds are given in Tables I, I I ,  and I I I .  
The method of synthesis and the physical properties 
of these materials are also listed.

All the compounds indicated in Tables I  and I I ,  
except n-butoxyacetylene, reacted normally. The 7 8 9 10

(7) A. Henne and K. W. Greenlee, J. Am. Chem.. Soc., 65, 
2020(1943).

(8) R. E. Dessy. J. H. Wotiz, and C. A. Hollingsworth, 
J. Am. Chem. Soc., 79, 358 (1957).

(9) T. L. Jacobs, Org. Reactions, John Wiley & Sons, Inc., 
New' York, 1949, Vol. V, pp. 1-78.

(10) P. D. Bartlett and L. J. Rosen, J. Am. Chem. Soc., 
64,543(1942).
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TABLE II
Acetylen ic  Acids, Alcohols, E st e r s , E th e r s , and H alides

R - C=C—R' Preparation,
Method Physical Properties Relative

R— —R' (Ref.) B.P., 0 (mm.) «d :°c.) d4(°C.) Reactivity“
n-C4H9— —co2h Q(13) 116(7) 1.4607 ¡.23) 0.9775(23) 160
c2h 5— —(CH,)3C02H R (14) 126-127(8) 1.4543 (28) 0.9762(28) 60
c 6h 5— —co2h 8(15) (M.p. 135-137) — — 226
H— —c h 2o h

OH
I — 111-112 (atm.) 1.4312(22) 0.9338(24) 194

H— —c —c h 3 
1

C — 103 (atm.) 1.4202(24) 0.8518128) 177

n-C4H9—
c h 3

—CH,OH M-l (14) 77-78(4) 1.4520(30) 0.8810128) 120
7l-C4H9— —CH—CH31 M-2 (16) 67-69(8) 1.4468(23) 0.8747(24) 123

OH
i-C4H9— —c h 2o h M-l (10) 68-69(17) 1.4421(24) 0.8600123) 89
re-CiHn— —co2c h 3 T (14) 96(12) 1.4460(23) 0.9260(22) 152
C,H5— —(CH2)3C02CH3 T (14) 85-86(9) 1.4447(21) 0.9365 (21) 68
c h 3— —(CH,)4C02CH3 T (14) 94(13) 1.4470(22) 0.9552(23) 55
H— —(CH2)5C04CH3 T (14) 85-86(10) 1.4403(23) 0.9428(24) 92
H— —OC4H9—n N (17) 40-41 (65) 1.4000(29) 0.8161(29) < lò
H— —CH2OCH3 0(18) 60.0-60.5 (atm.) 1.3948(23) 0.8410(23) 177
H— —CH2OC(C6H5)3 P — (M.p. 110.5-111.0) — — 186

H— - ch2o- C ^ U (19) 57.5-58.0(7) 1.4573(21) 1.0148(21) 201
H— —(CH2)6Br A (14) 76.5-77.0(18) 1.4773(22) 1.2342(22) 87
H— —(CH2)4I H (14) 62-63(8) 1.5260(28) 1.5822(26) 86
H— —C6H4—F—p D-2 (12e) (M.p. 25-27) — 92
H— —c 6h 4—ci-v D-2 (9) (M.p. 43.0-44.5) — — 90
H— —CoH4—Cl-TO L (20) 58-60(9) 1.5630(23) 1.116(25) 102
H— —C6H4—Cl-o L (20) 65-66(12) 1.5694(25) 1.1249(25) 102
H— —C6H4—Br-p D-2 (9) (M.p. 64.5-66.0) — — 100

“ Relative to a value of 100 assigned to hexyne-1. b Very little, if any, carbon monoxide was evolved.

TABLE III
P ropargyl-ty pe  H alides

R—C= , Preparation,
Physical Properties Total

K Method Relative CO Evolved6
R— —R' (Ref.) B.P., ° (mm.) íId(°C.) <t(°C.) Reactivity“ (Vol. %)

H— —CH.C1 J-l (21) 55.5 (atm.) 1.4335(22) 1.0385(23) 172 95 101
H— —CH2Br I 

Cl
82 (atm.) 1.4928(22) 1.5775(22) 385 127 128

H—
1

—c —c h 3 c 74 (atm.) 1.4160(25) 0.9085(25) 178 95 118
c h 3

n-C4H9— —CH2C1 J-2 (14) 56-57(10) 1.4585(25) 0.9470(25) 91 92 98
?i-C4H9— —CH2Br K(14) 64-65(8) 1.4910(22) 1.2427(22) 315 125
7!-C4H9— —CH2I H (23) 78-79(7) 1.5387(25) 1.4914(23) 476 120 Ì20
BrCH2— —CH2Br K (22) 81-82(7) 1.5844(30) 2.0237(29) 325 175

“ Relative to a value of 100 assigned to hexyne-1. 6 The percentage of carbon monoxide evolved was calculated from the 
amount expected according to reaction 1. The first number is the total percentage of carbon monoxide evolved in the reaction 
with the acetylenic compound. The second number includes additional carbon monoxide that was evolved when some 
hexyne-1 was added to the reaction solution to determine the amount of unchanged dicobalt octacarbonyl.

(11) V. Prey and H. Berbalk, Monatsh., 82, 990 (1951).
(12) New compounds: (a) Anal. Caled, for C9H8: C, 

93.1; H, 6.9. Found: C, 92.9; H, 7.1. (b) Anal. Caled, for 
C10H,0: C, 92.3: H, 7.7. Found: C, 92.6; H, 7.6. (c) Anal. 
Caled, for C,„H10: C, 92.3; H, 7.7. Found: C, 92.6; H, 7.5.
(d) Anal. Caled, for C14H,8: C, 90.3; H, 9.7. Found: C, 
89.8; H, 9.7. (e) Anal. Caled, for C8H5F: C, 79.2; H, 4.2. 
Found: C, 78.7; H, 4.9.

(13) A. D. Zoss and G. F. Hennion, J. Am. Chem. Soc., 
63,1151 (1941).

(14) M. S. Newman and J. H. Wotiz, J. Am. Chem. Soc., 
71, 1292(1949).

(15) T. W. Abbott, Dry. Syntheses, 12, 60 (1932).

(16) K. N. Campbell, B. K. Campbell, and L. T. Eby,
J. Am. Chem. Soc., 60, 2882 (1938).

(17) G. Eglhnon, E. R. H. Jones, B. L. Shaw, and M. C. 
Whiting, J. Chem. Soc. (London), 1954, 1860.

(18) I. M. Hsilbron, E. R. H. Jones, and R. W. Lacy, 
J. Chem. Soc. (London), 1946, 27.

(19) H. B. Henbest, E. R. H. Jones, and I. M. S. Walls, 
J. Chem. Soc. (London), 1950, 3646.

(20) M. S. Newman and S. H. Merrill, J. Am. Chem. Soc., 
77,5549(1955).

(21) L. Henry, Ber., 8, 398 (1875).
(22) John H. Wotiz, Ph.D. Thesis, Isomeric Normal Octy- 

noic Acids, (under the direction of M. S. Newman), Ohio 
State University ( 1948).

(23) A. W. Johnson, J. Chem. Soc. (London), 1946, 1009.
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reactions of these compounds were followed until 
at least 90% of the carbon monoxide (as calculated 
from reaction 1) had been evolved. Excess hexyne- 
1 was then added to determine the amount of 
unchanged dicobalt octacarbonyl. In all cases 
the total amount of carbon monoxide evolved was 
within 5% of the theoretical amount. The anoma
lous behavior of n-butoxyacetylene might be caused 
by the polymerization of this compound in the 
presence of dicobalt octacarbonyl.

The differences in relative reactivity in most 
cases are not very great. From the results of twenty- 
one experiments with hexyne-1 (average half- 
life 320 sec.) the mean square deviation for the 
half-life of hexyne-1 was found to be ± 17 seconds. 
It was estimated that a difference in relative re
activities less than 12% could not be considered 
significant.24

In most cases the observed relative reactivities 
cannot be correlated with possible electronic (induc
tive and mesomeric) or steric effects in the groups 
attached to the triple bonded carbon. Groups such 
as carboxy, carbomethoxy, and methylol appear to 
enhance the reactivity when attached to the acety
lenic carbon. The low relative reactivity for mesityl- 
acetylene and 2,6-dimethyl-4-tertiarybutylphenyl- 
acetylene is probably caused by steric require
ments.25

All the propargyl-type compounds in Table 
III, except propargyl chloride and l-chloro-2- 
heptyne, reacted anomalously as indicated by the 
total volume of carbon monoxide that was obtained. 
The additional carbon monoxide evolved in these 
reactions might result from the coupling of these 
propargyl-type halides in the presence of dicobalt 
octacarbonyl. Such a coupling reaction of allylic 
chlorides with nickel carbonyl in methanol solu
tion at 25° has been investigated.26 Thus, 
the evolution of excess carbon monoxide might be 
caused by the following reactions taking place 
simultaneously with reaction 1:

(24) For further information concerning the precision of 
the experiments see Michael R. Tirpak, Doctoral Thesis, 
University of Pittsburgh, 1958.

(25) W. G. Sly, J. Am. Chem. Soc., 81, 18 (1959).
(26) I. D. Webb and G.T. Borcherdt, J. Am. Chem. Soc., 

73, 2654 (1951).

4 R—C=C—CH2—X +  Co2(CO)8 — >
2 R—C=C—CH2CH2—C=C—R +  002(0 0 )4X4 +

+  4 CO (3)
R—C=C—CH2CH2—C=C—R +  2 Co2(CO)8 — >

(RC2CH2)2Co4(CO)I2 +  4 CO (4)
and perhaps,

002(0 0 )4X4 — 2 CoX2 +  4 CO. (5)

Qualitatively, one would expect the extent of 
coupling to be dependent on the number and the 
type of halogen in the propargyl-type halide. 
This might explain the greater amount of carbon 
monoxide produced by l,4-dibromo-2-butyne. Since 
primary chlorides should have the least tendency 
to couple, it is not surprising that propargyl 
chloride and l-chloro-2-heptyne do not show an 
anomalous behavior.

In the reaction with 3-chloro-3-methyl-l-butyne 
an increase in the evolution of carbon monoxide 
was observed upon the addition of some hexyne- 
1 to the apparently completed reaction. I t appears 
that at least 20% of the initial concentration of 
dicobalt octacarbonyl was available at the comple
tion of the reaction. This fact might indicate 
that the acetylenic compound may have (1) had 
a purity of 80%, (2) polymerized during the re
action, or (3) coupled to produce a sterically 
hindered diacetylene that could not react with 
dicobalt octacarbonyl.

In summary, it must be pointed out that no 
significant correlation of these data can be made 
in terms of the present classical organic reaction 
mechanisms. These results are consistent with the 
various reactions that involve compounds of transi
tion metals and unsaturated organic substrates. 
This investigation may provide information that 
will aid in the elucidation of the nature and the 
mechanisms involved in reactions of such com
pounds.
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The pyrolysis of several metal salts of o-halobenzoic acids was studied. Silver o-chlorobenzoate pyrolyzed smoothly above 
its melting point to give phenyl o-chlorobenzoate, silver chloride, and carbon dioxide. Evidence is presented suggesting that 
benzyne, CsH4, may be an intermediate in the formation of the phenyl ester.

Dry pyrolyses of metal salts of carboxylic acids 
are generally complicated reactions which may 
result in the decarboxylative formation of ketones1 
and olefins.2 Metal salts of simple aromatic acids 
frequently undergo extensive degradation when 
heated above their melting points.

In the course of some studies in this laboratory 
aimed at new syntheses of benzyne,3 the bulk 
pyrolysis of metal o-halobenzoates (I) was in
vestigated briefly in an attempt to demonstrate 
Reaction l .4

( ^ ) l  + MX + C02 (1)

I

Of the several salts that were examined, only the 
combination M = Ag and X = Cl gave results 
that suggested Reaction 1 could be realized.

Silver o-chlorobenzoate (I, M = Ag, X = Cl) 
melted at 211° in vacuo and underwent an exother
mic reaction accompanied by the evolution of carbon 
dioxide and the formation of silver chloride. Phenyl
o-chlorobenzoate (II) was isolated in 50.5% yield 
as the sole organic product. Two mechanisms for 
the formation of II are readily suggested:

(A) I (M = Ag, X = C1) - — * [^ J ) | +  C02 + AgCl

(1) R. B. Wagner and H. D. Zook, Synthetic Organic 
Chemistry, John Wiley & Sons, New York, N. Y., 1953, pp. 
331-332.

(2) Unpublished observations in these laboratories. Also 
see O. Neunhoeffer and P. Paschke, Ber., 72B, 919 (1939).

(3) J. D. Roberts, H. E. Simmons, Jr., L. A. Carlsmith, 
and C. W. Vaughan, J. Am. Chem. Soc., 75, 3290 (1953).

(4) The author is indebted to Prof. G. Wittig and Dr. G. 
Köbrich (Chemisches Institut der Universität, Heidelberg) 
for informing him of their work in this area prior to Dr. 
Kdbrch’s forthcoming publication.

In mechanism A, benzyne is presumably formed 
via a cyclic transition state with the near simulta
neous loss of carbon dioxide and silver chloride. 
Phenyl o-chlorobenzoate results from a rapid re
action5 of benzyne with undecomposed salt in the 
melt followed by hydrogen abstraction6 to give II. 
In mechanism B, a metathetical Coupling of two 
molecules of salt produces the ester III, which is 
decarboxylated in the melt to II.6

In order to test the latter hypothesis the ester- 
silver salt III was synthesized from o-chlorobenzoyl 
chloride and salicylic acid in pyridine followed by 
treatment of the ammonium salt of the resulting 
acid with silver nitrate. When a sample of authentic 
III was pyrolyzed under conditions identical with 
those used in the case of silver o-chlorobenzoate, 
a reaction occurred at approximately 200°. No 
liquid fraction was observed, and the product was 
a hard, black, insoluble mass. Extraction of this 
residue with ether afforded a trace of chlorobenzene 
as the only organic product. When the pyrolysis 
was carried out in the presence of a small amount 
of added silver chloride, similar results were ob
tained.

These results strongly suggest that III is not an 
intermediate in the pyrolysis of silver o-chloro
benzoate and that mechanism B is untenable. 
Although these observations in no sense prove the 
intermediacy of benzyne in the pyrolysis of I (M = 
Ag, X = Cl), some support is lent to mechanism
A. Other paths to the observed product can be 
constructed but are difficult to rationalize. Since 
one of the benzene nuclei in the product, phenyl
o-chlorobenzoate, is no longer bonded to either of 
its original substituents (carboxyl and chlorine) 
and since the pyrolysis occurs cleanly and in reason
able yield, the multistep paths to II which can be

(5) The nucleophilic addition of anions to benzyne at 
high temperatures is well known; see O. Kym, J. prakt. 
Chem., 51, 325 (1895); C. Haeussermann, Ber., 32, 1912 
(1899); 33, 939 (1900); 34, 38 (1901). For a discussion of the 
mechanism of nucleophilic additions to benzyne, see J. D. 
Roberts, D. A. Semenow, H. E. Simmons, Jr., and L. A. 
Carlsmith, J. Am. Chem. Soc., 78, 601 (1956).

(6) The source of hydrogen is not clear but could be due
to small amounts of water (see Experimental) in the salt or 
to degradative hydrogen abstra.ct.inri fr^m jaactaat n* — 
products. J

L H U f iv im e iu f l  m j j i v u n e n f i m
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written involving free radical intermediates offer 
initially many conceptual difficulties.

When silver o-fluorobenzoate was pyrolyzed at its 
melting point (231°), a low yield of fluorobenzene 
was isolated. Silver o-bromobenzoate at 182° gave 
tars, while silver o-iodobenzoate underwent a vigor
ous reaction at 147°. From the latter experiment 
there was isolated a low yield of a colorless crystal
line solid whose analysis, spectra, and properties 
are in accord with the previously unreported lactone 
of o-carboxy-o'-hydroxydiphenyl ether (IV).

Possibly the difference in products observed in the 
pyrolyses of I (M = Ag, X = F, Cl, Br, I) is due 
to different timing in the collapse of a cyclic transi
tion state, such as V.

V

The carbon-halogen bond energies cecrease in the 
order C-F>C-Cl>C-Br>C-I. When X = F, 
transition states like V are most difficult to attain, 
and other reactions (e.g. decarboxylation) occur in 
preference to loss of silver fluoride. Experimentally 
carbon-fluorine bond rupture was not observed, 
and fluorobenzene was the only organic product 
isolated. When X = Cl, delocalization stabilization 
of transition state V is predominant, and collapse 
must occur with essentially simultaneous loss of 
carbon dioxide and silver chloride. When X = 
Br, I, silver bromide or iodide is probably expelled 
very easily before the benefit of the delocalized 
cyclic state V is manifested.7

Attempts were made to trap benzyne by pyrolyz- 
ing silver o-chlorobenzoate in the presence of 
addends. When pure furan and the anhydrous salt 
were heated alone in a bomb at 250°, high yields 
of benzoic acid were isolated and no other organic 
products were detected. At 175°, the same re
actants gave only o-chlorobenzoic acid. Apparently 
under the strenuous reaction conditions, hydrogen 
abstraction from furan interferes with the normal 
course of reaction, for neither the expected Diels- 
Alder adduct8 nor II was detected in the products. 
When the reaction with furan was run in benzene as

(7) The occurrence of the aromatic ether linkage in IV is 
difficult to explain, and the low yields of this product make 
speculation unwarranted. Possibly IV arises from decar- 
bonylation in the presence of silver salts of the cyclic bis- 
lact.one of salicylic acid, a product not unexpected from 
the above considerations.

(8) G. Wittig and L. Pohmer, Angew. Chem., 67, 348 
(1955).

solvent at 190°, only o-chlorobenzoic acid was iso
lated. Hydrogen abstraction also occurred in the 
presence of N-methylpyrrole, wrhich gave fair yields 
of benzoic acid even at 190°. When an intimate 
mixture of silver o-chlorobenzoate and anthracene 
was pyrolyzed, no triptycene was detected among 
the products, which consisted mostly of phenyl
o-chlorobenzoate.

A few other metal o-halobenzoates were pyrolyzed 
with unpromising results (Table I).

TABLE I
M etal  o-H alobenzoates

I
M X M.P.,° dec. Remarks

Ag F 231-232 See Experimental
Ag Cl 211-212 See Experimental
Ag Br 182-183 Isolated only tar on pyrolysis
Ag I 147-148 See Experimental
Li Cl 227 Stable at 300°
Cu/2 Cl 270-271 Isolated I (M = H, X = Cl) 

on pyrolysis
Hg/2 C) 178-180 Stable at 300°

E X P E R IM E N T A L 9

Preparation of metal o-halobenzoates. All of the silver salts 
employed in this work were prepared by suspending the pure 
carboxjdic acid in distilled water and adding one equivalent 
of coned, ammonium hydroxide. The solution of the am
monium salt was filtered, and a solution of one equivalent 
of silver nitrate in distilled water was added slowly with 
vigorous stirring. The mixture was stirred for 30 min. and 
allowed to stand in the dark for 30 min. The silver salt was 
collected by suction filtration and was washed well with 
distilled w'ater.

Lithium o-chlorobenzoate was prepared from the acid 
and lithium hydroxide in good yield.

Cupric and mercuric o-chlorobenzoate were prepared 
from the ammonium salt of the acid and cupric sulfate and 
mercuric chloride, respectively.

All of the salts were dried at 100° in a vacuum oven at 
reduced pressure. The silver salts of the o-halobenzoic acids 
gave satisfactory anab'ses, but the infrared spectra indicated 
traces of residual water which was difficult to remove.6

Pyrolysis of I (M = Ag, X = Cl). The dried salt I (47.2 
g., 0.18 mole) was placed in a large sublimation tube with a 
solid carbon dioxide cold finger. The apparatus vras evacu
ated to 0.05 mm. pressure and was heated externally in an 
oil bath. The salt began to melt at approximately 200°, and 
a vigorous reaction occurred with the evolution of carbon 
dioxide (in one run at 1 mm. the carbon dioxide was col
lected in a liquid nitrogen trap and was identified). A vis
cous liquid collected on the cold finger and the sides of the 
apparatus. The reaction subsided in a few minutes, and the 
tube was allowed to cool. The cold finger and the dark solid 
residue were extracted with ether, and the extracts were 
combined and washed successively with cold 1% hydro
chloric acid and with water. The solvent was removed and 
the residue was distilled through a semimicro spinning-band 
column10 to give 10.6 g. (50.5%) of pure phenyl o-chloro-

(9) All melting points are corrected and boiling points arc 
uncorrected. Infrared spectra were determined on a Perkin- 
Elmer Model 21 double-beam infrared spectrometer equipped 
with sodium chloride optics (2-15 y). Spectra were obtained 
on pure liquids or in potassium bromide wafers.

(10) II. G. Nester, Anal. Chem., 28, 278 (1956).
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benzoate (II), b.p. 142-143° (1 mm.), n"„ 1.5846. The dis
tillation residue was negligible.

Anal. Calcd. for C13H9ClCh: C, 67.11; H, 3.90; Cl, 15.24; 
mol. wt., 234. Found: C, 66.96; H, 4.27; Cl, 15.39; mol. wt., 
245 (b.p. in benzene). The infrared spectrum showed ester 
carbonyl absorption at 5.73 y .  Basic hydrolysis of a small 
sample of the product gave o-chlorobenzoic acid (isolated) 
and phenol (identified as tribromophenol).

A sample of the dark solid obtained in the pyrolysis was 
shown by x-ray diffraction to contain large amounts of 
silver chloride.

An authentic sample of II was prepared in 67% yield from 
o-ehlorobenzoyl chloride and phenol in dry pyridine. The 
pure ester had boiled at 125-127° (0.5 mm.), n™ 1.5843, 
and had a satisfactory analysis. The infrared spectrum of 
the authentic sample was identical with that of the pyrolysis 
product as isolated above.

Preparation of III. o-Chlorobenzoic acid (20.0 g., 0.13 
mole) was converted to the acid chloride with 40 ml. of 
thionyl chloride. The acid chloride was added dropwise to 
a cooled (0°) and stirred solution of salicylic acid (17.7 g., 
0.13 mole) in dry pyridine (60 ml.). The mixture was 
allowed to stand at 3° overnight and was then poured into 
a large excess of cold water. The solid was collected, washed 
with water, and sucked dry. Pure o-carboxyphenyl o- 
chlorobenzoate was obtained as colorless needles after one 
recrystallization from benzene, m.p. 169-170°. The yield 
was 12.4 g. (35%).

Anal. Calcd. for ChH9C104: C, 60.77; H, 3.28. Found: 
C, 61.22 ; H, 3.51.

The recrystallized acid (12.4 g., 0.045 mole) was finely 
ground and suspended in 100 ml. of water. The mixture was 
stirred and cooled to 5° and was then slowly neutralized by 
the dropwise addition of one equivalent of coned, ammonium 
hydroxide. The cold solution was filtered into a beaker sur
rounded b\r an ice bath, and a cold solution of silver nitrate 
(7.6 g., 0.045 mole) in water (30 ml.) was added slowly with 
vigorous stirring. The thick, white salt that precipitated 
was stirred for an additional hour at 0° and was then col
lected by suction filtration. The salt was washed well with 
cold water and was dried. There was obtained 12.0 g. 
(69%) of pure III, m.p. 177-178° dec.

Anal. Calcd. for CnH8AgC104: Ag, 28.13. Found: Ag, 
27.92.

Pyrolysis of III. Salt III (10.0 g., 0.03 mole) was pyrolyzed 
under conditions identical with those under which silver o-

chlorobenzoate gave phenyl o-chlorobenzoate. Exothermic 
decomposition occurred at approximately 180°, and the 
temperature was raised to 225° over 3 hr. No volatile product 
appeared on the cold finger, and on cooling there was ob
tained approximately 8 g. of a black, hard, insoluble mass. 
The apparatus was washed out with ether, and the solid 
was pulverized and extracted with boiling ether. The com
bined ether solutions gave on concentration 0.3 g. of an oil 
which afforded a trace of chlorobenzene on distillation. No 
other volatile products coidd be distilled even at bath tem
peratures over 230° at 0.05 mm. The experiment was re
peated with an intimate mixture of 10 g. of III and 0.5 g. of 
silver chloride. The results were substantially unchanged. 
In neither run could any II be detected.

Pyrolysis of I (M = Ag, X = F). The dried salt I (36.5 
g., 0.15 mole) was pyrolyzed in bulk in the apparatus de
scribed for I (M = Ag, X = Cl). A vigorous reaction oc
curred slightly above the melting point of the salt, and the 
products were worked up as described above. Distillation 
of the liquid product afforded 4.0 g. of fluorobenzene, b.p. 
85°, w d5 1.4657. A residue of less than 0.5 g. could not be 
distilled.

Pyrolysis of I \M  = Ag, X = I). The dried salt I (34.1 
g., 0.10 mole) was pyrolyzed in bulk in the apparatus de
scribed for I (M = Ag, X = Cl). A vigorous reaction oc
curred at approximately 150° and appeared to be complete 
in a few seconds. The solid products were worked up in the 
usual manner to give 3.2 g. (31%) of the lactone of o-car- 
boxy-o'-hydroxydiphenyl ether, m.p. 180-181°, from ben- 
zene/pentane.

Anal. Calcd. for Ci3H80 3: C, 73.58; H, 3.80. Found: C, 
73.29; H, 3.76. The infrared spectrum showed a sharply split 
carbonyl absorption at 5.65, 5.70, and 5.75 y .  Scale molecular 
models predict a complex carbonyl spectrum on the basis of 
conformation considerations. The spectrum was free from 
hydroxyl absorption and showed no other characteristic 
functionality. Strong absorption at 13.70 y  suggested o- 
disubstituted phenyl.

Attempts to prepare an authentic sample of IV by the 
Baeyer-Villiger oxidation of xanthone with peracetic acid 
using sulfuric acid and p-toluenesulfonic acid catalysts 
failed, and in both cases xanthone was recovered unchanged 
after treatments of 1 week.

W ilm ington  98, D e l .
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Propylene oxide reacted with the Ivanov reagent, the a-chloromagnesium derivative of the chloromagnesium salt of 
phenylacetic acid, to form a-phenyl-/3-hydroxyvaleric acid and two stereoisomeric a-phenyl-(3-methylbutyrolactones. From 
styrene oxide and the Ivanov reagent, two stereoisomeric a,y-diphenyl-/3-hydroxybutyric acids were obtained. Cyclohexene 
oxide and the Ivanov reagent reacted to form a-phenyl-a-(2-hydroxycyclohexyl)aoetie acid.

Ethylene oxide has been found* 2 3 to react with the 
a-chloromagnesium derivative of the sodium salt

( 1 ) This paper represents part of a dissertation submitted 
by P. E. Wright for the Ph. D. degree in the University of 
Michigan.

(2) The Wm. S. Merrell Fellow.

of phenylacetic acid (an Ivanov reagent) to produce 
a-phenyl-y-hvdroxybutyric acid.

This paper described the reactions of propylene 
oxide, styrene oxide, and cyclohexene oxide, re-

(3) F. F. Blicke and H. Raffelson, J. Am. Chem. Soc., 
74,1730 ( 1952).
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spectively, with the chloromagnesium derivative of 
the chloromagnesium salt of phenylacetic acid (an 
Ivanov reagent).

Propylene oxide can react with a Grignard rea
gent either in the epoxide form or as propionalde- 
hyde.4’5 The epoxide and the Ivanov reagent could 
interact to form I and/or II; from the aldehyde, 
III would be formed. After reaction of propylene 
oxide and the Ivanov reagent, a-phenyl-/3-hydroxy-

CôH, CII (MgCl) COOMgCI
c h 3c h —c h 2 --------------------------- =«-

CJisCHCOOH C e lh C H C O O U
and/or

CHjCH(OH)CHj CH3CHCH2OH
I II

C«IIsCH(MgC:)COOMgCl
---- > (CH3CH2CH O )----------------------------->
C6H5CHCOOH

I Ilia. M.p. 142-143°
CH,CH2CH(OH)

III
CtHiCH (MgCl) COOMgCI 

CH3CH2CHO -----------------------------
nil). M.p. 142-143° 
IIIc. M.p. 125-120°

valeric acid (IIIa)(m.p. 142-143°) was obtained. 
In addition, there were isolated a solid lactone of 
a-phenyl-/?-methyl-'y-hydroxybutyric acid (II) and 
a liquid product, presumably a stereoisomer.

Proof that propylene oxide had reacted, to some 
extent, in the aldehyde form to yield III was ob
tained by a separate experiment in which propion- 
aldehyde was allowed to react with the Ivanov 
reagent. An acid (Illb) which melted at 142 14406 
was obtained from the reaction mixture; in addi
tion, an isomeric a-phenyl-/3-hydroxyvaleric acid 
(IIIc) was isolated which melted at 125-126°. 
Both stereoisomeric acids were converted into 
their methyl and /3-diethylaminoethyl esters.

In conformity with the assigned structure, Ilia, 
after successive esterification dehydration, hydro
genation, and hydrolysis, was converted into a -  
phenylvaleric acid (IV). This same acid (IV) would 
have been formed if compound I had been sub-

CsHsCIICOOH
I

CH3CH2CH(OH)
Ilia

C6H.,CC00CII,

C1I,CH,CH

CsHsCHCOOCHj
!

ClI3CIbCII(OII)

CeHiClICOOCIb

C1I3CII=C1I

mitted to this series of reactions; however, com
pound II would have been converted into a -  
phenylisovaleric acid.

In order to obtain a sample of IV for a mixed 
melting point determination, it was synthesized 
by hydrogenation of a-phenyl-a-allylacetic acid.7

Oxidation of the solid lactone, isolated from the 
reaction mixture, with the use of bromine, sodium 
hydroxide and magnesium sulfate,8 yielded a- 
phenyl-a'-methylsuccinic acid, a substance which 
could have been produced only from the lactone of 
II. The same succinic acid was obtained by oxida
tion of the liquid lactone.

Both the solid and the liquid lactone were con
verted by ammonia into a-phcnyb/S-methyl-y- 
hydroxybutyramide. Lithium aluminum hydride 
reduced the amide to /J-phenyl-y-methyl-S-hydroxy- 
butylaminc.

Styrene oxide reacted in the form of phenyl- 
acetaldehyde with the Ivanov reagent to form two 
stereoisomeric a,y-diphenyl-/3-hydroxybutyric acids 
(Va, Vb). The two acids Vc and Vd were obtained 
from the interaction of phenyl acetaldehyde and the 
Ivanov reagent. A mixture of Va and Vc and also 
a mixture of Vb and Vd showed no melting point 
depression.
CALCH—CII2 ■

\ /
o

(CJIsCHoCIIO)
CelLCH (MgCl) COOMgCI

C6HsCH2CHO

CeHsCHCOOH Va. M.p. 201-202° 
Vb, M.p. 176-178°

C6H6CH2CH(OH)
V

CelhC II (MgCl) COOMgCI
Vc. M.p. 204-206° 
Vd. M.p. 172-174°

Methyl esters were prepared from acids Va and 
Vb and from acids Vc and Vd. The esters of Va and 
Vc proved to be identical; identity was also estab
lished for the esters of Vb and Vd. Methyl esters of 
Va and Vb, when heated with phosphorus pentoxide 
in benzene solution, were dehydrated. It was not 
established whether the dehydration product was 
a methyl ester of 2,4-diphenyl-2-butenoic or of 
2,4-diphenyl-3-butenoic acid.

A lactone was obtained from acid Va when it was 
refluxed with acetic anhydride, and a lactone was 
produced from Vb when it was heated in methanol 
solution with a small amount of concentrated 
sulfuric acid.

(1) H i, P tO î
(2) hydrolysis

CeHsCH (M g C l) C O O M gC I
CH2=CHCH2Br ---------------------------->

H». P tO : T
CeHsCHCOOH -------- > CelLCHCOOH

CH2= C H C H 2 C IL C Ib ilL
IV

(4) F. H. Norton and H. B. Hass, J . .4,». Chem. Soc., 58, 
2147(1936).

(5) P. G. Stevens and J. A. McCoubrey, J. Am. Chem. 
Soc., 63,2847 (1941).

(6) This acid has been obtained previously from pro
pionaldéhyde and the Ivanov reagent (ref. 3. It. H. Cox, 
Dissertation, University of Michigan, 1954.

(7) G. R. Ackermann, Dissertation, University' of 
Michigan, 1956.

(8) Lactones have been oxidized in this manner by R. R. 
Russell and C. A. VanderWerf (J. Am. Chem. Soc., 69, 11 
( 1947)) and by J. A. McRae, E. H. Charlesworth, and D. S. 
Alexander (Canadian J. Res., 21, Sect. B, 1 (1943))-
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2,4-Diphenyl-l,3-butanediols were prepared from 
Va and Vb by the use of lithium aluminum hydride.

Incidentally, it was found that when Ya was 
heated in acetic acid with phosphorus and iodine, 
in the expectation that a , y-dipheny 1 butyric acid 
would be formed, a,y-diphenyl-d-acetoxybutyric 
acid was produced.

It is believed that cyclohexene oxide reacted in 
the epoxide form with the Ivanov reagent to 
produce a-phenyl-a-(2-hydroxycyclohexyl)acetic 
acid (VI); the product isolated melted at 153- 
154°.

C,H..,CH(MgCl)CQOMgCI

^ ^ C H ( C 6H5)0
VI

.OH

OOII

CtH sCH(MgCl)COOMgCI

^  CH(OH)CH(C6H5)COOH 
VII

After the preparation of the methyl ester of VI, 
dehydration of the ester with phosphorus pentoxide 
in benzene solution yielded an unsaturated ester 
which may have been either methyl a-phenyl-a- 
(1-cyclohexenyl) acetate or methyl a-phenyl-a- 
(2-cyclohexenyl)acetate.

A lactone was obtained when VI was heated in 
methanol with a small amount of concentrated 
sulfuric acid.

In the event that cyclohexene oxide reacted in 
the form of cyclopentanecarboxaldehyde,9 a- 
phenyl - /3 - cyclopentyl - /3 - hydroxypropionic 
acid (VII) would have been formed. Compound 
VII had already been synthesized10 from the al
dehyde and the Ivanov reagent and it was stated 
that VII melted at 145-148°. As the melting 
point (153-154°) of the product obtained from 
cyclohexene oxide and the melting point reported 
for VII are rather close, VII was synthesized from 
cyclopentanecarboxaldehyde and the Ivanov rea
gent in order to make a mixed melting point de
termination. The product obtained, after one 
recrystallization, melted at the reported melting 
point (145-148°). However, by the use of different 
solvents, it was possible to separate the product 
into two components; one melted at 130-131°, 
the other at 161-162°. The analytical data for each 
component corresponded to that calculated for
VII.

E X P E R IM E N T A L

Reaction of propylene oxide with the Ivanov reagent. Forma
tion of a-phenyl-fi-hydroxyvaleric acid {Ilia) and a-phenyl-

(9) Reaction of cyclohexene oxide in this form has often 
been reported. See M. S. Kharasch and O. Reinmuth, Gri- 
gnard Reactions of Nonmetallic Substances, Prentice-Hall, 
Inc., New York, N. Y.

(10) F. F. Blicke and H. Zinnes, J. Am. Chem. Soc., 77, 
6247 (1955).

fi-methylbutyrolactones. Phenylacetic acid (272.2 g., 2.0 
moles), dissolved in 1500 ml. of benzene, was added, drop- 
wise, to a stirred solution of isopropylmagnesium chloride 
prepared from 112 g. (4.6 g.-atom) of magnesium, 361 g. 
(4.6 moles) of isopropyl chloride and 1000 ml. of ether; the 
reaction was initiated with 5 ml. of ethyl bromide. The mix
ture was refluxed for 4 hr.

Propylene oxide (133.6 g., 2.0 moles), dissolved in 500
ml. of benzene, was added, dropwise, to the stirred mixture. 
I t was stirred for 20 hr., the ether was removed by distilla
tion, and a mixture of 400 ml. of cone, hydrochloric acid 
and 1500 ml. of ice water was added to the stirred material. 
The layers were separated and the aqueous layer was ex
tracted with benzene. The combined benzene layers were 
concentrated to a volume of 400 ml. and the solution was 
placed in a refrigerator for 24 hr. The precipitate (Ilia) 
was filtered, then the filtrate was concentrated to 300 ml., 
cooled for 24 hr., and filtered (filtrate A) to yield more 
product. The combined * material was washed with hot 
petroleum ether (50-75°); it weighed 83.0 g. (21.4% yield); 
m.p. 142-143° after recrystallization from toluene.

Anal. Calcd. for ChHhO»: C, 68.02; H, 7.27; neut. equiv.,
194.2. Found: C, 58.17; H, 7.18; neut. equiv., 194.1.

The benzene filtrate (A) was stirred with 84 g. of sodium 
bicarbonate, dissolved in 1000 ml. of water, and the aqueous 
layer was separated and extracted with benzene. The ben
zene solutions were combined, the solvent was removed, 
and the residue was distilled. The fraction (123 g.) which 
boiled at 109° (0.3 mm.) partially solidified after 48 hr. in a 
refrigerator. After filtration through a sintered glass funnel, 
the crystals, a-phenyl-/3-methylbutyrolactone, weighed
35.3 g., (10% yield) ; m.p. 93-94° after recrystallization 
from petroleum ether (60-75°).

Anal. Calcd. for CnH,..0,: C, 74.97; H, 6.86. Found: C, 
74.90; H, 6.66.

The liquid filtrate which, based on analytical data, was 
another a-phenyl-/3-methylbutyrolactone, weighed 83.8 g. 
(23% yield).

Anal. Calcd. for CnH,>02: C, 74.97; H, 6.86. Found: C, 
74.76; H, 6.61.

This liquid filtrate was refluxed with an aqueous sodium 
hydroxide solution until it dissolved. Upon acidification at 
0°, an oil precipitated. The oil was separated and cooled 
whereupon it partially solidified. The solid material melted 
at 93-94° after recrystallization from petroleum ether 
(60-75°). The liquid portion was distilled; b.p. 109° (0.3
mm. ). The distillate was refluxed with aqueous sodium hy
droxide until it dissolved and the process mentioned above 
was repeated. Again a solid, m.p. 93-94°, and a liquid, b.p. 
109° (0.3 mm.), were obtained.

Preparation of a-phenyl-fi-hydroxyvaleric acide (Illb, 
IIIc) from propionaldéhyde and the Ivanov reagent. Propion
aldéhyde (116.2 g.), dissolved in 500 ml. of benzene, was 
added, dropwise, to a stirred suspension of the Ivanov rea
gent prepared in the manner described above from 272.2 
g. of phenylacetic acid. The mixture was refluxed for 6 hr. 
and hydrolyzed with a mixture of 333 ml. of cone, hydro
chloric acid and 1500 ml. of ice water. The layers were 
separated and the aqueous layer was extracted with ether 
and benzene. After concentration of the combined extracts,
167.5 g. (43%,) of crystals precipitated; they were removed 
by filtration (filtrate A) and after recrvstallizaton from 
toluene they melted at 142-1430.6 This product (Illb) 
proved to be identical with Ilia ; mixed m.p. 142-143°.

After concentration and cooling of filtrate A, 65.3 g. 
(16%,) of material (IIIc) was obtained; m.p. 125-127° after 
recrystallization from toluene. This product, based on an 
analysis and a neutralization equivalent, seems to be an
other stereoisomeric a-phenyl-^-hydroxyvaleric acid.

Anal. Calcd. for CnHn03: C, 68.02; H, 7.27; neut. equiv.,
194.2. Found: C, 68.05; H, 7.25; neut. equiv., 196.1.

Methyl and fi-diethylaminoethyl esters of a-phenyl-fi-
hydroxyvaleric acids (Ilia, IIIc). The methyl ester of I lia  
was prepared from 3.8 g. (0.02 mole) of the acid, dissolved
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in 500 ml. of the dimethyl ether of ethylene glycol, by the 
addition of excess diazomethane dissolved in ether. The mix
ture was allowed to remain at 0° for 2 hr., then the solvent 
and excess diazomethane were removed ir. a stream of air; 
yield 3.3 g. (79%); m.p. 57-58“11 after recrystallization from 
petroleum ether (60-75°).

Anal. Calcd. for Ci2Hi60 3: C, 69.21; H, 7.74. Found: C, 
69.00; H, 7.90.

The methyl ester of IIIc was obtained in 64% yield by 
the method described above; b.p. 90° (0.3 mm.).

Anal. Calcd. for Ci2Hi60 3: C, 69.21; H, 7.74. Found: C, 
69.17; H, 7.74.

The /3-diethylaminoethyl ester of Ilia  was prepared by 
dissolving 2.3 g. of sodium in 250 ml. of isopropyl alcohol, 
adding 19.4 g. of the acid and 17.5 g. of (3-diethylamino
ethyl chloride hydrochloride and refluxing the mixture for 
16 hr. After filtration and removal of the solvent from the 
filtrate, the residue was made basic with sodium carbonate 
solution, extracted with ether, and the ether solution was 
dried with anhydrous magnesium sulfate. After removal of 
the ether, the residue was recrystallized from petroleum 
ether (60-75°); yield 15.8 g. (53%); m.p. 78-80°.

Anal. Calcd. for C17H270 3N: C, 69.59; H, 9.28. Found: C, 
69.80; H, 9.36.

The dihydrogen citrate was prepared in ether; m.p. 96- 
98° after recrystallization from isopropyl alcohol.

Anal. Calcd. for C23H36O10N: C, 56.89; H, 7.27. Found: 
C, 56.92; H, 7.28.

The /3-diethylaminoethyl ester of IIIc was prepared in the 
manner described above; yield 51%,; b.p. 111° (0.5 mm.).

The dihydrogen citrate was prepared in ether; m.p. 93- 
94° after recrystallization from isopropyl alcohol.

Anal. Calcd. for C23H35OioN: C, 56.89; H, 7.27. Found: 
C, 56.76; H, 7.25.

Conversion of methyl a-phenyl-P-hydroxyvalerate into a- 
phenylvaleric acid (IV). The methyl ester (10.4 g.) of Ilia  
was dissolved in 250 ml. of benzene and added, dropwise, to 
a stirred, refluxing mixture of 20 g. of Celite, 15 g. of phos
phorus pentoxide, and 750 ml. of benzene. The mixture was 
stirred and heated for 4 hr., cooled and filtered. The filtrate 
was washed with bicarbonate solution, dried with mag
nesium sulfate, and evaporated to dryness. The oily dehy
dration product (9.2 g., 96%) boiled at 155° (20 mm.).

A portion (3.8 g.) of this oil, dissolved in absolute metha
nol, was hydrogenated under an initial pressure of 50 lbs., 
in the presence of 0.1 g. of platinum dioxide, until the calcu
lated amount of hydrogen had been absorbed (2 hr.). The 
solvent was removed from the filtered mixture whereupon 
an oil was obtained. This liquid was allowed to remain in the 
presence of 2.2 g. of potassium hydroxide, dissolved in 25 
ml. of 90% ethanol, for 5 days. The solution was diluted 
with 150 ml. of water and extracted with ether. Upon acidi
fication of the cold, alkaline solution, 2.5 g. (70%) of IV 
precipitated; m.p. 51-53°12 after recrystallization from 
petroleum ether (90-100°).

Preparation of a-phenylvaleric acid (IV] from S-phenyl-4- 
pentenoic acid. 2-Phenyl-4-pentenoic acid7 (3.5 g.) was dis
solved in 100 ml. of absolute methanol and hydrogenated 
under an initial pressure of 50 pounds in the presence of 0.1 
g. of platinum dioxide. After filtration, the solvent was re
moved from the filtrate and the residue was recrystallized 
from petroleum ether (90-100°); m.p. and mixed m.p. 
51-53°.

Oxidation of a-phenyl-0-methylbutyrolactones. The liquid 
lactone (17.6 g.) was added to 15 g. of sodium hydroxide, 
dissolved in 75 ml. of water, and the mixture was heated 
until a solution was obtained. The solution was stirred 
and kept hot while a hot solution of 43.5 g. of hydrated

(11) In a separate experiment, 111b was treated with 
diazomethane. The methyl ester produced melted at 57- 
58°; mixed m.p. 57-58°.

(12) H. Veldstra and C. van de Westeringh, Ree. trav. 
chini., 70, 1113 (1951); m.p. 51-52°.

magnesium sulfate in 33 ml. of water was added slowly. 
The mixture was cooled to 10° and 5.5 ml. of bromine was 
added, dropwise, over a period of 2 hr. The cold mixture 
was stirred for several hours and acidified with 33 ml. of 
32% sulfuric acid. The precipitate was filtered and washed 
with toluene. The product, a-phenyl-a'-methylsuccinic acid, 
melted at 169-172°13 after recrystallization from water; 
yield 6.2 g. (29%).

The solid lactone (17.6 g.) was treated in the manner 
described above. This reaction yielded 4.1 g. (19%) of the 
same product; m.p. 169-172°.

a-Phenyl-fi-methgJ-y-hydrozybutyramide. The liquid lac
tone (8.8 g.) was shaken with 15 ml. of cone, ammonia 
water for 18 hr. The precipitated amide was filtered and the 
excess ammonia was removed from the filtrate by a stream 
of air whereby an additional amount of amide was obtained; 
total yield 9.4 g. (97%); m.p. 145-146° after recrystalliza
tion from methyl ethyl ketone.

Anal. Calcd. for C„H160 2N: C, 68.37; H, 7.82; N, 7.25. 
Found: C, 68.35; H, 7.60; N, 7.25.

The solid lactone (4.4 g.) was dissolved in 200 ml. of abso
lute ethanol and ammonia was bubbled slowly into the solu
tion for 6 hr. After evaporation of the solvent and recrys
tallization of the residue from methyl ethyl ketone, the 
amide melted at 145-146°.

fi-Phenyl-y-methyl-5-hydroxybutylamine. a-Phenyl-/3-meth- 
yl-Y-hydroxybutyramide (11.4 g.), dissolved in 100 ml. of 
anhydrous tetrahydrofuran, was added slowly to a stirred 
solution of 5.3 g. of lithium aluminum hydride in 250 ml. 
of the same solvent. The mixture was stirred for 4 hr., and 
10 ml. of water was added, dropwise, to the stirred mixture. 
After filtration, the solvent was removed from the filtrate 
and the residue was distilled; b.p. 132° (0.7 mm.); yield
5.1 g. (48%). After some time, the pure hydroxy amine be
came very viscous.

Anal. Calcd. for CnHI7ON: C, 73.70; H, 9.56. Found: C, 
73.59; H, 9.50.

Reaction of styrene oxide with the Ivanov reagent. The forma
tion of a,y-diphenyl-f3-hydroxybutyric acids (Va, Vb). Styrene 
oxide14 (48.0 g., 0.4 mole), dissolved in 250 ml. of benzene, 
was added, dropwise, to a stirred suspension of the Ivanov 
reagent which had been prepared from 54.4 g. (0.4 mole) of 
phenylacetic acid. The material was refluxed for 72 hr., then 
hydrolyzed with a mixture of 67 ml. of cone, hydrochloric 
acid and 1000 ml. of ice water. The precipitate (Va), which 
formed between the two layers, was filtered. Partial evapora
tion of the organic layer in the filtrate yielded more Va; 
the total yield of Va, after recrystallization from ethanol, 
was 41.2 g. (40%); m.p. 201-202°.

Anal. Calcd. for CiBH160 3: C, 74.98; H, 6.29; neut. equiv.,
256.3. Found: C, 75.07; H, 6.30; neut. equiv., 258.5.

Further concentration of the organic layer gave material
(Vb) which, after recrystallization from toluene, weighed
17.2 g. (16%); m.p. 176-178°.

Anal. Calcd. for CiBHl60 3: C, 74.98; H, 6.29; neut. equiv.,
256.3. Found: C, 74.84; H, 6.40; neut. equiv., 256.4.

Methyl and f3-diethylaminoethyl esters of a,y-diphengl-f3-
hydroxybutyric acids. A mixture of 128 g. of Va, 1500 ml. 
of methanol, and 5 ml. of cone, sulfuric acid was refluxed foi 
20 hr. The solution was concentrated whereupon the ester 
precipitated. After recrystallization from petroleum ether 
(60-75°), the yield was 107 g. (79%); m.p. 98-99°.15

Anal. Calcd. for Cl7H180 3: C, 75.53; H, 6.71. Found: C, 
75.49; H, 6.68.

In order to prepare the methyl ester of Vb, about twice 
the calculated amount of diazomethane, dissolved in 100 ml. 
of ether, was added to a solution of 17.0 g. of the acid in 
500 ml. of dioxane which had been cooled to 0°. After 2 hr.

(13) C. A. Miller, H. 1. Scholl, and L. M. Long, J. Am. 
Chem. Soc., 73,5608 (1951); m.p. 169-172°.

(14) Purchased from the Dow Chemical Company.
(15) A small amount of ester, prepared by the use of 

diazomethane, melted at 98-99°.
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at this temperature, the solvent was removed; the yield, 
after recrystallization from petroleum ether (60-75°), was 
17.0 g. (95%); m.p. 49-50°.

Anal. Calcd. for C,7H180 3: C, 75.53; H, 6.71. Found: C, 
75.48; H, 6.55.

The /3-diethylaminoethyl ester of Va was prepared by the 
addition of 2.3 g. of sodium to 250 ml. of isopropyl alcohol 
and heating the mixture until the sodium had disappeared. 
After the addition of 25.6 g. of Va and 17.5 g. of /3-diethyl
aminoethyl chloride hydrochloride, the mixture was refluxed 
for 16 hr. After filtration, most of the solvent was removed 
from the filtrate. The precipitated ester hydrochloride (5.0 
g.) was removed by filtration (filtrate A) and recrystallized 
from isopropyl alcohol; m.p. 100- 101°.

Anal. Calcd. for C 2 2 H 3 0 O 3 N C I :  C, 67.41; H, 7.72; Cl, 9.05. 
Found: C, 67.45; H, 7.62; Cl, 9.19.

Filtrate A was made basic with sodium carbonate solu
tion, extracted with ether and the extract was dried over 
magnesium sulfate. Removal of the ether and distillation of 
the residue yielded the ester base of Va; b.p. 106° (0.7 
mm.); yield 13.5 g.

The methobromide, prepared in ether, melted at 158-159° 
after recrystallization from isopropyl alcohol.

Anal. Calcd. for C23H3203NBr: C, 61.33; H, 7.16. Found: 
C, 61.35; H, 7.24.

The /3-dieth\daminoethyl ester of Vb was prepared in the 
manner described above. The precipitated ester hydro
chloride was filtered; yield 8.6 g.; m.p. 100- 101° after re
crystallization from isopropjd alcohol.

~Anal. Calcd. for C 2 2 H 3 0 O 3 N C I :  C, 67.41; H, 7.72; Cl, 
9.05. Found: C, 67.41; H, 7.79; Cl, 9.20.

Although the basic ester hydrochlorides of Va and of Vb 
melted at the same temperature, the mixed melting point 
was 85-95°.

The methobromide was prepared in ether by the use of 
the crude ester base obtained from the filtrate in the manner 
described above; m.p. 129-130° after recrystallization from 
isopropyl alcohol.

Anal. Calcd. for C23H3203NBr: C, 61.33; H, 7.16. Found: 
C, 61.38; H, 7.12.

Dehydration of the methyl esters of Va and Vb. The methyl 
ester prepared from Va, dissolved in 250 ml. of benzene, was 
added, dropwise, to a stirred, refluxing mixture of 50 g. of 
Celite, 140 g. of phosphorus pentoxide, and 1000 ml. of 
benzene. The stirred mixture was refluxed for 4 hr. After 
filtration and evaporation of the solvent from the filtrate, 
the oily residue was distilled; b.p. 151° (0.5 mm.); yield 
78 g. (77%). The product rapidly decolorized an aqueous 
solution of potassium permanganate and bromine dissolved 
in carbon tetrachloride. The analytical data corresponded 
to that calculated for the metlryl ester of 2,4-diphenyl-2- 
butenoic or of 2,4-diphenyl-3-butenoie acid.

Anal. Calcd. for CnH160 2: C, 80.92; H, 6.39. Found: C, 
80.78; H, 6.51.

When the isomeric methyl ester, prepared from Vb, was 
subjected to dehydration in the manner described above, 
a product was isolated which boiled at 150° (0.7 mm.); 
yield 12.5 g. (78%,). The material decolorized solutions of 
potassium permanganate and bromine. The analytical data 
corresponded to that calculated for the methyl ester of 2,4- 
diphenyl-2-butenoic or of 2,4-diphenyl-3-butenoic acid.

Anal. Calcd. for C17Hig0 3: C, 80.92; H, 6.39. Found: C, 
80.92; H, 6.30.

Preparation of a,y-diphenyl-0-hydroxybutyric acids (Vc, 
Vd). Phenylacetaldehyde (18.0 g.) dissolved in 75 ml. of 
benzene, was added, dropw'ise, to a stirred suspension of the 
Ivanov reagent prepared from 20.4 g. of phenvlacetic acid. 
The material was refluxed for 12 hr. and then hydrolyzed 
with a mixture of 25 ml. of cone, hydrochloric acid and 250 
ml. of water. The precipitate (Vc), which separated be
tween the two laj'ers, was filtered and the filtrate (filtrate 
A) was retained. The product, after recrystallization from 
ethanol, weighed 33.0 g. (85%) and melted at 204-206°.

It proved to be identical with Va; mixed melting point
201-202°.

The ether-benzene layer of filtrate A was separated, con
centrated, and ccoled whereupon 2.5 g. (6%) of Vd precipi
tated; m.p. 172-174° after recrystallization from toluene. 
This substance was identical with Vb; mixed melting point 
172-174°.

Methyl esters of Vc and Vd. In order to obtain the methyl 
ester of Vc, 5.1 g. of the acid was dissolved in 750 ml. of the 
dimethyl ether of ethylene glycol and the solution was 
cooled to 0°. Excess diazomethane, dissolved in 100 ml. of 
ether, was added and the mixture was allowed to remain at 
0° for 2 hr. After removal of the solvent the residue, after 
recrystallization from petroleum ether (60-75°), weighed 
4.6 g. (85%) and melted at 98-99°. A mixture of the methyl 
esters of Va and Vc melted at 98-99°.

The methyl ester of Vd was prepared in the manner 
described above except that only 500 ml. of the dimethyl 
ether of ethylene glycol was employed. The product, after 
recrystallization from petroleum ether (60-75°), weighed
2.8 g. (51%) and melted at 54-55°. Although this melting 
point is somewhat higher than the melting point (49-50°) of 
the methyl ester of Vb, the mixed melting point of the two 
esters was 49-50°.

Lactones of a.y-diphenyl-fi-hydroxybutyric acids Va and 
Vb. A mixture of 25.6 g. of Va and 50 ml. of acetic anhydride 
was refluxed for 8 hr. After removal of the acetic anhydride, 
the residue was distilled; b.p. 170° (0.4 mm.); yield 6.5 g. 
The distillate solidified after some time, and the lactone was 
then recrystallized from ether; m.p. 125-126°; yield 5.9 g.

Anal. Calcd. for Ci6HhO.: C, 80.64; H, 5.92. Found: C, 
80.66; H, 6.02.

A mixture of 12.8 g. of Vb, 250 ml. of methanol and 1 ml. of 
cone, sulfuric acid was refluxed for 20 hr. After removal of 
the solvent, the residue was treated with hot ether. The 
solvent was removed from the cold, filtered ether solution 
and the lactone was recrystallized from ether; m.p. 82-84°; 
vield9.2g. (77%).

Anal. Calcd. for Ci6Hh02: C, 80.64; H, 5.92. Found: C, 
80.63; H, 5.90.

%,4-Diphenyl-l,3-butanediols. Lithium aluminum hydride 
(1.5 g.) was suspended in 250 ml. of ether and 10.2 g. of Va, 
suspended in 500 ml. of ether, was added. After the mixture 
had been stirred for 24 hr., 3 ml. of water was added, drop- 
wise, to the stirred mixture. The precipitated salts were 
filtered, the solvent was removed from the filtrate, and the 
residue was recrystallized from diisopropyl ether; yield 2.8 
g. (28%); m.p. 96-98°.

Anal. Calcd. for Ci6Hi80 2: C, 79.31; H, 7.49. Found: C, 
79.33; H, 7.72.

An isomeric 2,4-diphenyl-l,3-butanediol was obtained in 
35% yield, in the manner described above, from Vb; m.p. 
154-155° after recrystallization from absolute ethanol.

Anal. Calcd. for C16Hi80 2: C, 79.31; H, 7.49. Found: C, 
78.99; H, 7.33.

a, y-Diphenyl-fi-acetoxybutyric acid. A mixture of 12.8 g. 
of Va, 3.1 g. of red phosphorus, 1.2 g. of iodine, and 350 
ml. of acetic acid was refluxed for 8 hr. After filtration, the 
acetic acid was removed from the filtrate and the residue 
was recrystallized from toluene; yield 8.1 g.; m.p. 124- 
126°.

Anal. Calcd. for Ci8Hi80 i: C, 72.46; H, 6.08; neut. equiv.,
298.3. Found: C, 72.43; H, 6.18; neut. equiv., 298.8.

Reaction of cyclohexene oxide with the Ivanov reagent. For
mation of a-phenyl-a-(2-hydroxycyclohexyl)acetic acid (VI). 
Cyclohexene oxide16 (196.0 g.), prepared from trans-2- 
chlorocyclohexanol,17 was dissolved in 500 ml. of benzene 
and added, dropw'ise, to the stirred suspension of the Ivanov 
reagent prepared from 272.2 g. of phenylacetic acid. The 
stirring was continued for 48 hr. and the mixture was then 
hydrolyzed with a cold mixture of 333 ml. of cone, hydro

(16) Org. Syntheses, Coll. Vol. I, 185 (1941).
(17) Purchased from the Aldrich Chemical Company.
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chloric acid and 1500 ml. of water. After removal of the 
solvents from the organic layer, the residue was recrystallized 
from toluene;yield 187.0 g. (40%);m.p. 153-154°.

Anal. Calcd. for ChHiA :  C, 71.77; H, 7.74; neut. equiv.,
234.3. Found: C, 71.78; H, 7.51; neut. equiv., 235.1.

Dehydration of methyl ct-phenyl-a-{H-hydroxycydohexyl)- 
acetate. The methyl ester was prepared from 8.2 g. of VI, 
dissolved in 300 ml. of ether, by the addition of excess 
diazomethane, dissolved in ether, at 0°. After 2 hr. at this 
temperature, the solvent was removed; yield 7.9 g. (90%) 
after recrystallization from petroleum ether (60-75°); 
m.p. 94-95°.

Anal. Calcd. for C15H20O3: C, 72.55; H, 8.12. Found: C, 
72.27; H, 8.02.

The ester (12.4 g.), dissolved in 250 ml. of benzene, was 
added dropwise to a stirred, refluxing mixture of 20 g. 
of Celite, 15 g. of phosphorus pentoxide, and 750 ml. of 
benzene. The mixture was stirred and refluxed for 4 hr., 
cooled, and filtered, and the filtrate was shaken with an 
aqueous sodium bicarbonate solution. The solvent was re
moved from the dried benzene layer and the residue was 
distilled; yield 7.8 g. (67%); b.p. 166-170° (20 mm.). The 
product, which instantly decolorized solutions of potassium 
permanganate and bromine, may have been methyl a- 
phenyl-a-(l-cyclohexenyl)acetate or methyl a-phenyl-a- 
(2-eyclohexenyl)acetate.

Anal. Calcd. for CisHiA: C, 78.23; H, 7.88. Found: 
C, 77.82; H, 7.75.

Lactone of VI. A mixture of 9.3 g. of VI, 150 ml. of metha
nol, and 1 ml. of cone, sulfuric acid was refluxed for 4 hr. 
The solvent was removed, the residue was dissolved in 
ether, and the solution was extracted with aqueous sodium 
bicarbonate solution. The solvent was removed from the 
ether layer and the residue was recrystallized from petroleum 
ether (60-75°); m.p. 75-77°; yield 8.4 g. (97%).

Anal. Calcd. for C14H16O2: C, 77.75; H, 7.46. Found: C, 
77.75; H, 7.45.

The same lactone was isolated in at least 90% yield when 
attempts were made to prepare the |3-diethylaminoethyl

ester of VI by the following procedures: (a) a mixture of the 
silver salt of VI, /3-diethylaminoethyl chloride, and acetone 
was stirred for 24 hr.; (b) attempted transesterification with 
the use of the methyl ester of the acid, (3-diethylamino- 
ethanol, sodium methoxide, and petroleum ether (60-75°).

The lactone was converted into VI in the following man
ner. A mixture of 8.4 g. of the lactone, 1.6 g. of potassium 
hydroxide, and 150 ml. of water was refluxed for 3 hr. The 
solution was extracted with ether. The cold aqueous layer 
was acidified and the precipitate (VI) was recrystallized 
from toluene; yield 8.8 g. (94%); m.p. and mixed m.p.
153-155°.

a-Phenyl-ft-cyclopentyl-fl-hydroxypropionic acids (VII). 
Cyclopentanecarboxaldehyde18 (31.0 g.), dissolved in 100 
ml. of benzene, was added dropwise to the stirred suspen
sion of the Ivanov reagent prepared from 43.0 g. of phenyl- 
acetic acid. The material was stirred and refluxed for 4 hr. 
and poured into a mixture of 53 ml. of cone, hydrochloric 
acid and 500 ml. of ice water. After removal of the solvent 
from the organic layer and recrystallization of the residue 
from toluene, 53.5 g. (72%) of product was obtained; m.p. 
145-148° (lit.10 m.p. 145-148°). When 50 g. of this material 
was heated with petroleum ether (60-75°), some of the 
product remained undissolved. The soluble portion, ob
tained after removal of the solvent, was recrystallized from 
petroleum ether (60-75°); yield 35.5 g. (51%); m.p. 130- 
131°.

Anal. Calcd. for ChHuA :  C, 71.77; H, 7.74. Found: 
C, 71.66; H, 7.51.

The petroleum ether-insoluble portion was recrystallized 
from toluene; yield 5.6 g. (8%); m.p. 161-162°.

Anal. Calcd. for C„H180 3: C, 71.77; H, 7.74. Found: C, 
71.77; H, 7.52.

A n n  A r b o r , M i c h .

(18) J. English, Jr., J. D. Gregory, and J. R. Trowbridge, 
II, J. Am. Chem. Soc., 73, 615 (1951).

[Contribution from tee Department of Chemistry of Iowa State University]
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The rates of solvolysis of 1,2-dimethylcyclopentyl halides are only slightly faster than those of 1-methyl cyclopentyl 
halides. This observation implies that some reservation is necessary in considering the I-strain explanation of the relative 
reactivities of cyclopentyl halides.

In connection with another study,3 the rates of 
solvolysis of mixtures of cis- and trans-l,2-dimethyl- 
cyclopentyl bromides and chlorides were measured. 
As a matter of collateral interest the rates of 
solvolysis of 1-methylcyclopentyl bromide and 
chloride were determined under comparable condi
tions.
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Engineering, California Institute of Technology, Pasadena, 
California. Inquiries and requests for reprints should be 
sent to this author.

(3) G. S. Hammond and C. H. Collins, J. Am. Chem. 
Soc., submitted.

R E S U L T S

The first-order rate constants for solvolysis of 
various cyclopentyl halides are summarized in 
Table I and Table II. All rates were measured at
25.00 ±  0.02° in ethanol solutions containing 
O.lOOiV lithium perchlorate.

Scrutiny of the data shows that the rates meas
ured for various samples of dimethylcyclopentyl 
halides were not as consistent as might be desired. 
This was shown to be not readily resolvable into 
two rates because of different reactivities of cis and 
trans isomers. Samples prepared from dimethyl- 
cyclopentene known to be relatively rich in the cis 
isomer3 (ca. 30%) were solvolyzed and the data
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TABLE I
Rates of Solvolysis of Cyclopentyl Bromides in Absolute Etiianol 

(25.0°, 0.1AT LiCIO,)

%
Solvolysis

Bromide Source“ Followed A'i X 104 sec. 1
1,2-Dimethylcyclopentyl 1,2-Dimethylcyclopentene 99 11.3
1,2-Dimethylcyclopentyl 1,2-DimethylcycIopentene 85 11.2
1,2-Dimethyleyclopentyl 1,2-D i methyl cyclopentene 86 9.2
1,2-Dimethylcyclopentyl 1,2-Dimethylcyclopentene 93 9.0
1,2-Dimet hylcyclopentyl 1,2-Dimethylcyclopentene 93 7.3
1,2-Dimethylcyclopentyl 1,2-Dimethylcyclopentene 97 7.5
1,2-Dimethylcyclopentyl cis-1,2-Dimethylcyclopentene 98 9.7
1,2-Dimethylcyclopentyl cis-1,2-Dimethyleyclopentanol 92 11.2
1,2-Dimethylcyclopentyl trans-1,2-DimethylcyelopentanoI 90 12.0
1,2-Dimethylcyclopentyl ¿rnras-l,2-Dimethylcyclopentanol 89 8.3
1-Methylcyclopentyl 1-Methylcyclopentene 99 5.8
1-MethylcycIopentyl 1-Methylcyclopentene 97 5.2
1-Methylcyclopentyl 1-Methylcyclopentene 94 5.0
1-Methylcyelopentyl 1-Methylcyclopentene 76 4.2

a Compound from which bromide was prepared by reaction with hydrogen bromide.

TABLE II
Rates of Solvolysis of Cyclopentyl Chlorides in Absolute Ethanol

(25.0°, OAN LiClCh)

%
Solvolysis

Chloride Source“ Followed k\ X 106 sec. -1

1,2-Dimethylcyclopentyl 1,2-Dimethyleyclopentene 92 15.3
1,2-Dimethylcyclopentyl 1,2-Dimethylcyclopentene 80 13.5
1,2-Dimethyicyclopentyl cis-1,2-Dimethylcyclopentanol 91 19.5
1,2-Dimethylcyclopentyl cis-1,2-Dimethylcyclopentanol 95 16.0
1,2-Dimethvlcyelopentyl irans-1,2-Dimethylcyclopentanol 91 16.5
1-Methylcyclopentyl 1-Methylcyclopentene 69 8.7
1-M ethyl cyclopentyl 1- Methyl cyclopentene 79 8.3

“ Material from which chloride was prepared by reaction with hydrogen chloride.

TABLE III
Solvolysis Rates of Cycloalkyl Halides

ft® k25 ¿fc5®
80% C2H5OH 98% c,H.,ori C2Hr,OH

Compounds sec. -1 sec. -1 sec.-1

1-Chloro-l-methylcyclohexane 3.22 X 10-«“ 2.93 X 10-®5
1-Bromo-l-methylcyclohexane 6.85 X 10-6“ 3.30 X 10-«d
l-Chloro-l,2-dimethylcyclohexane 4.00 X 10-®“ 3.72 X 10-®6
l-Bromo-l,2-dimethylcyclohexane 7.50 X 10-®c 3.61 X 10-®“
1-Chloro-l-methylcyclopentane 3.83 X 10-4“ 3.55 X 10- ®6
1-Chloro-l -methylcyclopentane 8.50 X 10-®«
1-Bromo-l-methylcyclopentane 5.00 X 10-4e
l-Chloro-l,2-dimethylcyclopentane 1.56 X 10-«f
l-Bromo-l,2-dimethylcyclopentane 9.33 X 10-4e

a From Brown el aV  6 Calculated using m — 1. c From Nevitt and Hammond.®d Calculated using m -= 0.9. e This paper.

were treated by the differential kinetic method.4 
The rates could not be resolved into two com
ponents by this procedure. However, it is still 
possible that some of the differences are due to 
variations in the reactivities of the two isomers 
which are too small to be resolved by the mathe
matical analysis or to interconversion of the isomers 
under solvolysis conditions. If this is the case, it

(4) J. S. Fritz and G. S. Hammond, Quantitative Organic 
Analysis, John Wiley and Sons, New York (1957), p. 158.

must be assumed that the cis isomer reacts more 
slowly than the trans compound by less than a 
factor of two.

Table III shows comparisons among the rates 
of solvolysis of various tertiary cycloalkyl halides. 
Data collected under different reaction conditions 
are extrapolated to absolute ethanol by means of 
the Grunwald-Winstein equation:5

(5) E. Grunwald and S. Winstein, J. Am. Chem. Soc., 70,
846(1948).
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The Y values used were those recently reported by 
Fainberg and Winstein6 and m values were esti
mated by comparison with structurally similar 
tertiary halides.5

The data show that, for cyclohexyl compounds, 
bromides are faster than chlorides by a factor of 100 
and that in the cyclopentyl series the bromides are 
faster by a factor of 60. As an average, cyclopentyl 
compounds react about 250 times as fast as the cor
responding cyclohexyl compounds.

Brown7 8 has attributed the difference in reac
tivity between cyclopentyl and cyclohexyl com
pounds to I-strain. Steric strain is believed to be 
increased in the conversion of an sp3 cyclohexyl 
carbon atom to an sp- transition state. In contrast, 
strain due to interactions between eclipsed cis 
groups in cyclopentanes should be relieved by pass
ing to a transition state in which a ring member is 
assuming a planar configuration.

The data now available are not easily understood 
in terms of the most straightforward application 
of the theory of I-strain. If 1-methylcyclopentyl 
halides are seriously strained because of the nearly 
eclipsed relationship between the methyl group, 
halogen atoms and the hydrogens on adjacent 
carbon atoms, this strain should be increased by 
replacement of one of the adjacent hydrogens by 
another methyl group. If this were the case, one 
should expect that ionization of 1,2-dimethylcyclo- 
pentyl halides should relieve more strain than is the 
case with 1-methylcyclopentyl compounds. The 
data show that introduction of the second methyl 
group increases solvolysis rates by a factor of two 
or less.

There is no very good way of estimating the 
magnitude of the effects to be expected. The fully 
eclipsed form of cfs-l,2-dimethylcyclopentyl halides 
contains one methyl-methyl interaction similar to 
that in the fully eclipsed form of n-butane.9 Com
parison of the n-butane barriers with that in ethane 
indicates that methyl-methyl eclipsing should in
crease strain by 0.5-0.8 kcal. per mole in compari
son with hydrogen-methyl eclipsing. One would 
ordinarily expect less than faithful reflection of 
such a small energy difference in the rates of 
solvolysis. However, if the I-strain theory is right, 
a considerable amount of the eclipsing strain in 
cyclopentyl halides is released in the transition 
stages for solvolysis. We have been unable to find 
data satisfactory for estimation of the added strain 
in trans-i,2-dimethylcyclopentyl halides. However, 
as solvolysis of samples known to be mixtures of cis

(6) A. H. Fainberg and S. Winstein, J. Am. Chem. Soc., 
78,2770(1956).

(7) H. C. Brown, R. S. Fletcher, and R. B. Johannesen, 
J  Am. Chem. Soc., 73, 212 (1951).

(8) T. D. Nevitt and G. S. Hammond, J. Am. Chem. 
Soc., 76,4124(1954).

(9) K. S. Pitzer, J. Chem. Phys., 8, 711 (1940).

and trans halides does not give kinetically resolv
able rates, the reactivity of the two isomers must 
be very similar. Data for the mixtures may there
fore be taken as representative of the cis com
pounds. One would certainly expect that the trans 
bromide would also be strained, although the case 
is not as clear with the trans chloride, as study of the 
barriers in compounds such as 1,2-dichloroethane10 
indicates that there is attraction between eclipsed 
hydrogen and chlorine atoms.

Several possibilities come to mind for the ex
planation of the absence of increased reactivity 
predicted by simple I-strain theory. I t is con
ceivable that the internal steric effect of a 2- 
methyl group is compensated by an increase in 
steric hindrance to solvation. This line of reasoning 
is made unattractive by the fact that the solvolysis 
rates of 1-methylcyclohexyl and 1,2-dimethylcyclo- 
hexyl halides are also very close together. While 
cyclopentyl and cyclohexyl systems are not exactly 
analogous, the effects of 2-methyl substituents on 
solvation energies should be rather similar in the 
two systems.

There is an interesting possibility for elaboration 
of the I-strain theory to accommodate the results. 
Perhaps the puckering motion of the cyclopentane 
ring11 no longer oscillates about the ring in func
tional derivatives. The substituted ring member in 
cyclopentyl halides may be permanently displaced 
from the average plane of the ring. If this is the 
case, additional substituents in the 1- and 2-posi
tions would enter in more or less staggered con
formations. This might account for the small mag
nitude of the influence of a 2-methyl group. An 
interesting corollary of this view would be the pre
diction that substituents in the 3-position would 
cause further steric acceleration.

Finally, it is, of course, possible that I-strain is 
less responsible than has been supposed for the 
difference in reactivity between cyclopentyl and 
cyclohexyl compounds. The usual conglomerate of 
effects, such as special electronic considerations, 
and both internal and external steric effects, should 
perhaps be reconsidered.

E X P E R IM E N T A L

Materials. The preparation of cis- and trans- 1,2-dimethyl- 
cyclopentanol and 1,2-dimethylcyclopentene is described 
elsewhere.3 1-Methylcvclopentanol was prepared by the 
addition of cyclopentanone to freshly -prepared methylmag- 
nesium chloride, b.p., 45-46° at 15 mm., m.p., 35°. The com
pound has previously been prepared in unspecified yield12 
by the reaction of cyclopentanone with methyl magnesium 
iodide. I t was our experience that all reactions using methyl- 
magnesium iodide or methyllithium and the addition of

(10) J. C. M. Li and K. S. Pitzer, J. Am. Chem. Soc., 78, 
1077(1956).

(11) J. E. Kilpatrick, K. S. Pitzer, and R. Spitzer, J. 
Am. Chem. Soc., 69, 2483 (1947).

(12) N. Zelinsky and S. Namjetkin, Ber., 35, 2683 (1902);
G. Chavanne and L. DeVogel, Bull. soc. chim. Belg., 37, 
141 (1928).
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méthylmagnésium chloride to cyclopentanone gave very 
low yields of the alcohol (20% or less). The principal product 
in these reactions was 2-cyclopentylidenecyclopentanone, 
b.p. 103-118° at 13 mm., oxime13’14 m.p., 122°, and 2,5- 
dicyclopentylidenecyclopentanone,13 m.p. 66-68°. Addition 
of the ketone to méthylmagnésium chloride gave the alcohol 
in 02% average yield.

Halides were prepared by reactions of anhydrous hydro
gen halides with the alcohols and 1,2-dimethyIcyclopentene 
as described elsewhere.3 Excess hydrogen halide was removed 
from the reaction mixtures by extraction with cold water 
and the pentane solution was dried briefly over anhydrous 
calcium sulfate. No solution was stored for more than an 
hour before use.

Procedure. The pentane solutions of halides (approximately 
0.02 mole in 20-25 cc. of pentane) were diluted to exactly 
25 ml. with pentane. Ten-milliliter aliquots were added to 
75 ml. absolute alcohol containing 0.1 Af lithium perchlorate. 
Solvolysis rates were measured using the rapid intermittent 
titration method.15 The titrant was a standard l.V solution

(13) O. Wallach, Ber., 29, 2955 (1896).
(14) M. Godchot and F. Tabourv, Bull. soc. chim. France.

[4], 13, 12 (1913); H. Meerwein, Ann. Chem.. 405, 129
(1914).

(15) J. K. Kochi and G. S. Hammond, J. Am. Chem. Soc.,
75,3445(1953).

of triethylamine in absolute ethanol. Bromophenol blue was 
employed as the visual indicator. Solvolysis of the bromides 
was followed for about 100 min. and the reactions of the 
chlorides were followed for about 5000 min. As neither 
initial concentrations nor infinity titers were known with 
high precision, the rate constants were determined by the 
method of Guggenheim.16 Plots of milliequivalents of 
base added versus time were used to obtain pairs of 
concentration values at fixed time intervals (25 min. for the 
bromides and 1000 min. for the chlorides). The values of 
log (C2-C 1) were plotted against t and the rate constants 
were calculated by multiplication of the slopes of the result
ing straight lines by 2.303. While rates sometimes decreased 
slightly toward the end of a run, the data could never be 
resolved to give two clearly distinct rates. The values re
ported in Tables I and II represent maximum rates, as 
earlier points were used in runs in which the decrease in rate 
was noticeable.
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(16) F. Daniels, J. H. Mathews, J. W. Williams, P. 
Bender, and R. A. Alberty, Experimental Physical Chem
istry, McGraw-Hill, New' York (1956), p. 134.
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The <7C»i-dimethyl effect is quantitatively interpreted for a group of ring closure reactions which lead to substituted cyclo
hexane systems. The pronounced effect of alkyl substituents in shifting the equilibrium toward the cyclic compound is due 
in part to an enthalpy effect and in part to an entropy effect. The effect of alkyl groups on the enthalpy of ring closure 
is interpreted in terms of the change in the number of gauche interactions in going from the reactant to the product. The en
tropy effect, after allowing for the different symmetries of the compounds, is interpreted as being due mainly to the increased 
height of the barriers to internal rotations in the acyclic compounds upon chain branching.

While the fact that alkyl substitution tends to 
promote the rate of formation of a cyclic system 
from its noncyclic analog as well as to increase the 
concentration of the cyclic material at equilibrium 
has been recognized for nearly half a century,3 
no convincing explanation of the effect has been 
forthcoming.4 Various attempts to explain the 
phenomenon have been made, and some of these 
such as the “Thorpe-Ingold effect”5 and steric 
hindrance to rotation4 are probably of impor
tance in certain cases. It is the purpose of this paper 
to show7 that certain aspects of the phenomenon 
have a straightforward thermodynamic basis

(1) This work was supported by a grant from the Sloan 
Foundation.

(2) Paper VIII, J. Am. Chem. Soc., in press.
(3) C. K. Ingold, J. Chem, Soc., 119, 305, 951 (1921).
(4) For a recent summary of the status of the problem, 

and leading references, see F. G. Bordwell, C. E. Osborne, 
and R. D. Chapman, J. Amer. Chem. Soc., 81,2698 (1959).

(5) R. M. Beesley, C. K. Ingold, and J. F. Thorpe, 
Chem. Soc., 107, 1080(1915).

and are completely general. This general effect, 
which for historical4 reasons has been simply 
called the gem-dimethyl effect in this paper, 
must always be taken into account before the 
importance of any “special” effects such as the 
Thorpe-Ingolc. effect can be ascertained.

The present paper will be limited in scope as 
far as quantitative aspects are concerned to equi
libria, and the treatment will be applied quanti
tatively to six-membered ring systems since these 
are particularly amenable to study and the neces
sary data are available.6 The same considerations 
will apply, in principle, to compounds of other classes 
equally well.

Consider the reaction of n-hexane to give cyclo
hexane and hydrogen in the gas phase at 25°. 
This reaction can be taken as the reference point,

(6) »Selected Values of Properties of Hydrocarbons and
Related Compcunds, American Petroleum Institute Re
search, Project 44, Carnegie Institute of Technology, 
Pittsburgh, Pa.
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TARTAR I
T h e r m o d y n a m i c  Q u a n t i t i e s  f o r  t h e  O y c l i z a t i o n  R e a c t i o n s  o f  S u b s t i t u t e d  H e x a n e s  ( H )  t o  C y c u o h e x a n e s  ( C )

Hexane cft <?C

Optical
Isomers

II

Optical
Isomers

C Calcd.
-aH

Found Calcd.
AS

Found Calcd.
AF

Found

n 2 G 1 1 0.0 0.0 0.0 0.0 0.0 0.0
2-CH3 1 1 1 1 0.8 0.9 3.4 3.3 1.8 1 .9
3-CHs 1 1 2 1 1.6 1.6 2.0 2.2 2.2 2 2
2,2-(CH3)2 3 1 i 1 0.0 0.1 6.8 5.7 2.0 1 s
2,3-(CHj).a 1 2 2 2 1 .6 2.4 3.2 4.1 2.6 3.6
2,3-(CHs).s 1 1 2 2 0.0 0.6 4.6 5.0 1.4 2.0
2,4-(CH3)2" 1 1 2 2 0.8 0.3 4.6 5.0 2.2 1.8
2,4-(CH:i)26 1 1 2 1 2.4 2.3 3.2 3.6 3.4 3.3
2,5-(CH3),a 2 2 1 1 1.6 1.4 4.6 3.8 3.0 2.6
2,5-(CH3),6 2 1 1 1 0.0 -0 .5 3.2 5.2 1.0 1 .1
3,3-(CH3)2 1 1 1 1 1.6 1.2 4.6 4.1 3.0 2.4
3,4-(CH3)2a'c 2 2 2 2 3.2 2.6 4.6C 3.0 4.2 3.6
3,4-(CH3)26'c 1 1 1 2 0.8 0.8 6.0C 3.9 2.2 2.0
2-C2H5 1 1 2 2 0.8 0.8 3.4 2.7 1.8 1.6
3-C2H5 1 1 1 2 1.6 1.2 4.8 3.5 3.0 2.2

a For ring closure to t r im s  form. s For ring closure to c is  form. c The d l closes to give tra ils , and the ineso  to give c is . It 
has been assumed that the open chain material is a 1:1 mixture of the two diastereomers.

and for the reaction we can define AF=ATI = 
AS = 0. If now various alkyl groups are substituted 
on the hexane chain so that various alkylcyclo- 
hexanes are obtained upon cyclization, these 
latter reactions will, relative to the unsubstituted 
case, generally show negative values for AF. The 
task at hand is to calculate these values of AF from 
elementary principles. It is necessary to calculate 
AH and AS separately, and then to find AF.

One simplifying assumption is made to facilitate 
the calculations, which is to consider for each isomer 
only the form or forms of lowest enthalpy instead 
of using partition functions. The errors introduced 
by this approximation are expected to cancel to 
a large extent when only comparisons between 
fairly similar compounds are used. The ultimate g 
justification for this approximation is the agree
ment between the calculated and experimental 
results.

The calculation of AH for the ring closure will 
be considered first. The experimental values listed 
in Table I are taken directly from the API tables.6 
The calculated values are arrived at as follows.
A given chain structure is considered in the form of 
minimum enthalpy and the number of gauche 
interactions are counted and substraeted from the 
number of gauche interactions in the most stable 
form of the cyclic reaction product. The result is the 
increase in gauche interactions upon ring closure. 
The closure of ?i-hexane to cyclohexane requires 
6 additional gauche interactions. The increase 
in gauche interactions in the substituted case, less 
this number 6, gives the increase in gauche inter
actions relative to the unsubstituted case. When 
this increase is multiplied by 0.8 kcal. per gauche 
interaction,7 the change in enthalpy of ring closure 
relative to the unsubstituted case is found. These

values are listed as the calculated enthalpies in 
Table I.

Hammond8 has suggested that the entropy loss 
upon cyclization is less in the substituted compound 
than with the corresponding methylene compound 
since the substituents would restrict the rotation 
in the acyclic system thereby lowering its entropy.

The entropies of the branched chain hydro
carbons dealt with in the present work have previ
ously been calculated by the statistical method.9'10 
Similar calculations have also been carried out 
for the methylated cyclohexanes.11 A simplified 
approximate expression for calculating the entropy 
of a branched chain paraffin has also been presented 
by Pitzer anti Scott12 and is given by Eq. 1 where

S = S„ +  Rln 2 +  Rln (l/a ,ad  -  3.5B (1)

S and S„ are the entropies of the branched and 
normal isomers, I is the number of optical or other 
isomers considered, <re and &■> are the symmetry 
numbers for external and internal rotation re
spectively, and B is the number of chain branchings. 
The constant 3.5 is to take care of the branching 
effects not evaluated in detail and is empirical. 
Clearly a similar equation can be written for the 
cyclic compounds. If the AS for the ring closure of 
a substituted hexane (II) to a substituted cyclo
hexane (C) relative to the parent case of n-hexane 
to cyclohexane is considered, then Eq. 2 may

(8) G. S. Hammond, Chapter of Steric Effects in Organic. 
Chemistry, edited by M. S. Newman, John Wiley and Sons, 
Inc., New York, N. Y., 1956, p. 4G8.

(9) K. S. Pitzer, J. Chem. Phys., 8, 711 (1940).
(10) K. S. Pitzer and J. E. Kilpatrick, Chem. Rev., 39, 

435(1946).
(11) C. W. Beckett, K. S. Pitzer, and R. Spitzer, •/. Am. 

Chem. Soc., 69, 2488 (1947).
(12) K. S. Pitzer and D. W. Scott, J. Am. Chem. Soc., 

63, 241J (1941).(7) K. S. Pitzer, Chem. Revs., 27, 39 (1940).
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AS = Rln G — Rln 2 +  Rln [Ic/f^e^Ocl —
Rln [In/(tretrOa] +  aB (2)

he written to describe the entropy of the reaction. 
The first two terms account for the symmetry 
present in cyclohexane and n-hexane respectively. 
The constant a is to be evaluated empirically. 
The constant used by Pitzer and Scott (3.5 e.u./ 
branch) contains a contribution from the increased 
barrier to internal rotation upon branching. The 
higher rotational barrier leads to a smaller en
tropy for the branched open-chain structure than 
for the unbranched one. The cyclic compounds have 
lost all of their internal rotational entropy (except 
for the side chains), and consequently the entropy 
loss upon cyclization is less for the branched 
structure. Therefore the constant a is expected 
to have a value of less than 3.5. It is found empiri
cally that the best value is 1.2. If Eq. 2 is then 
rewritten as Eq. 3, the predicted entropies of 
cyclization for the various compounds can be 
easily found:

S = 2.18 +  1.2B +  1.98 In [Ic(ov<n)ii/lH(o'e<n)c] (3)

The symmetry numbers have the usual meaning, 
where a, applies only to rotation of part of the 
carbon skeleton, not to the rotation of a methyl. 
The isomers to be considered in the open-chain 
compounds are only the actually physically separa
ble ones, not the conformers. For the rings on the 
other hand, a compound like cts-1,2-dimethyl- 
cyclohexane is taken to be dl, since it so exists at 
any instant.13 The presence of less stable forms, 
such as axial-methylcyclohexane and boat forms, 
is ignored as they have a negligible (for present 
purposes) effect on the free energy.

The total entropy changes calculated are in
cluded in Table I, and from these values and the 
calculated enthalpies the calculated free energies 
are obtained. The corresponding experimental 
values for all the cyclohexanes for which data are 
available are also listed for comparison, and the 
agreement is satisfactory. The calculated and ex
perimental values are found to differ by 1 kcal./ 
mole at most. This is not much more than the 
maximum deviation expected from the combined 
probable errors in the heats of combustion (about 
0.2 kcal./mole for each compound). It seems likely 
that the agreement between theory and experiment 
would be somewhat improved if the statistical 
entropies were used, if the corresponding enthal
pies were calculated from the partition functions, 
and if correlation energies14 were taken into account. 
The authors feel however that agreement between 
theory and experiment has been shown, and more

(13) The treatment of “optical isomerism” used in the 
cyclic systems is the more correct one. The open chains are 
treated in a simplified manner because of the large number 
of conformers which would need to be considered. Justifica
tion for this approximation has been made.1012

(14) K. S. Pitzer and E. Cataland, J. Am. Chem. Hoc., 
78, 1844(1950).

refined calculations hardly justify the labor in
volved. A pronounced shift of equilibrium toward 
the cyclic compound upon substitution is noted in 
every case, the free energy changes brought about 
by substitution varying from 1.6 to 4.2 kcal./ 
mole. The entropy and enthalpy effects are of com
parable importance and neither can be neglected if 
a proper interpretation of the effect is to be made. 
In more general cases where the product is not the 
highly symmetrical cyclohexane in the unsubsti- 
tuted ring closure, the entropy effect will be of 
lesser importance.

The agreement between the calculated and ob
served free energies summarized in Table I appears 
to support the suggestion that a fundamental basis 
for the gem-dimethyl effect as it pertains to equi
libria is to be found in the considerations outlined 
above. These considerations apply in principle 
to other compounds containing hetcroatoms and 
more complicated substituents although additional 
factors may also become important in such cases.

The rates at which ring closure reactions occur 
are also known to be accelerated by the presence of 
alkyl substituents. If an open-chain compound 
forms a cycle in the rate determining step of 
a reaction, the arguments presented here for 
AF, AH, and AS will carry over directly to AH:, 
and AS* and consequently to AF: and to 
the rate of ring closure. This is because in a reaction 
in which the ring closure is the rate determining 
step, the absolute rate theory shows that AF1 
can be considered as determined by an equilibrium 
between the starting state (open chain) and 
transition stare. The latter has the geometry of the 
cyclic system except that one bond is somewhat 
stretched. The gauche interactions in the transition 
state and cycle are very similar and consequently, 
as far as the ¡/«n-dimethvl effect is concerned, 
going from the open chain to the transition state 
is essentially the same as going from the open chain 
to the cycle.

Ring closure reactions in which the cyclization 
does not occur in the rate-determining step need 
individual consideration, but can be handled in a 
straightforward way utilizing the ideas developed 
previously in conjunction with standard methods of 
kinetics.

A ring-opening reaction is on the contrary quite 
a different situation. In this case ordinarily either 
the rate determining step will be the ring opening, 
or it will precede the ring opening. In either situa
tion the number of gauche interactions is the same 
in the starting and transition states, and the entropy 
changes are expected to be relatively independent 
of the presence of alkyl groups unless there is a 
direct interaction between the alkyl group and the 
incoming reagent fir the solvation shell. The only 
way the ¡/««-dimethyl effect could apply directly 
in a ring opening would appear to be in a case 
where the rate-determining step followed an equi
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librium step between cyclic and noncyclic struc
tures.

It seems reasonable that these ideas should 
apply to other than six-membered rings, and an 
examination of the equilibrium data for five- 
membered rings shows a qualitative parallelism.6 
In this case because of the indefinite ring con
formation15 the concept of gauche interactions can-

(15) (a) K. S. Pitzer and W. E. Donath, J. Am. Chem. 
Soc., 81, 3213 (1959). (b) F. V. Bratcher, Jr., T. Roberts, 
S. J. Barr, and X. Pearson, J. Am. Chem. Soc., 81, 4915 
(1959).

not be applied in as straightforward a manner. 
For larger and smaller rings again the same quali
tative results are expected, but quantitative cal
culations are difficult and detailed experimental 
data are unavailable. Qualitatively the existence 
of a (^em-dimethyl effect on ring closures in small 
rings is well known, and it has also been observed 
in the eight-mcmbered ring.16

D e t r o i t  2 , M i c h .

( 16) Unpublished work of S. Greenberg and S. Hu.
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The molecular extinction coefficient and the integrated absorption areas (A) of the carbonyl group of some alicyclic and 
aliphatic ketones were measured, and the results, discussed in terms of polar and steric effects, show that the nature of the 
substituent and the steric environment of the ketone affect the intensity of the carbonyl absorption band.

The stretching vibation of the carbonyl group 
that occurs in the 1600-1900 cm.-1 region has been 
thoroughly studied.1 Recently, quantitative studies 
of the infrared bands have been a subject of atten
tion, and several attempts have been made to cor
relate the integrated absorption area (A), with 
molecular structure.2’3 The work of Jones et al. in 
the steroid field is especially noteworthy.2 They 
found that the intensity of the carbonyl band in a 
five membered ring such as the C-17 position of the 
steroid molecule (2.69 units) is greater than that of 
a six membered ring ketone (2.2-2.5 units). The A 
of an aliphatic ketone, such as a 20-keto steroid, is 
smaller (1.79 units) while the introduction of a 
bromine atom in the «-position of the carbonyl 
lowers the value considerably, i.e. 2.55 units for a
3-keto steroid and 1.89 units for a 2-bromo-3-keto 
steroid. These correlations, and finding that the 
integrated absorption area is an additive quantity, 
are very useful for characterizing the type and 
number of carbonyl groups present in the molecule.

Richards3 showed that- the intensity of the 
absorption band is related to the nature of the car
bonyl group and its value increases in the following 
order: aldehyde, ketone, acid, chloride, ester, acid, 
amide.

(1) For leading references see R. N. Jones and C. San- 
dorfy, Chapter IV in Chemical Application* of Spectroscopy, 
Technique of Organic Chemistry, Vol. IX. Interscience 
Publishers, Inc., New York, 1956.

(2) R. N. Jones, D. A. Ramsay, D. S. Keir, and K. 
Dobriner, J. Am. Chem. Soc., 74, 80 (1952).

(3) R. E. Richards and W. R. Burton, Trans. Faradai/
Soc., 45, 874 (1949).

Broun,4 studying the intensity of the nitrile band 
of benzonitriles in various solvents found that the 
intensity of the band is solvent dependent, and that 
A increases when the electron release ability of the 
substituent is increased, i.e. in carbon tetrachloride, 
p-rnethylbenzonitrile has an A of 0.28 units and 
p-chlorobenzonitrile, only 0.20 units.

E X P E R IM E N T A L

The spectra were recorded on a Perkin Elmer 21 model 
spectrophotometer equipped with a sodium chloride prism. 
In order to make 1 u cover 40 cm. two number 45 gears were 
installed in the A and C positions.5

The solutions were approximately 0.02-0.03 molar (in 
10 ml. carbon tetrachloride) depending on the band in
tensity. A cell 0.049 cm. thick was used. This was measured 
by the interference fringe method and with a microscope, 
focusing the upper and lower windows in the inner part and 
measuring the difference. By using a cell of this width the 
error in nonuniformity and changes in the width is believed 
to be less than 1 %.

All the measurements were made under the same experi
mental conditions in order to get the minimum possible error.

The absorption curves were measured over a frequency 
range of 100 cm.-1 on each side of the maximum with a slit 
opening of 49 p. The enlargement of the scale allows one to 
measure Av 1/2 in a very accurate way.

The integrated absorption areas were calculated by the 
direct integration method by means of the equation6:

A = J lo g ,„ ~ °A ,l/2  (1)

(4) T. L. Brow'n, J. .-tm, Chem. Soc., 80, 794 (1958).
(5) For a more complete description see the Perkin Elmer 

manual.
(6) 1). A. Ramsay. •/. Am. ('hem. Soc., 74, 72 (1952).
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TABLE I
I ntegrated  Absorption  I n ten sity“

Choies tan-3-one
Cone.

X 102 mole l._1 Io I e S v  1/2 A
a 1.7546 96.7 39.9 447. 1 16.79 2.72
b 1.7546 97.0 40.0 447.4 16.79 2.72
c 2.115 91.05 32.3 434.3 17.32 2.72
d 2.115 91.95 32.8 432 17.60 2.75

See lit.0 440 17.4 2.63

As-Cholesten-3-one
a 2.0989 90.5 29.6 472 16.61 2.83
b 2.0989 91.0 32.3 437.4 17.74 2.81

See lit.0 490 16.1 2.80

“ Calculated by the method of direct integration using carbon tetrachloride as a solvent.0 See ref. 2.

A base line was drawn between the end of the wings and 
from it a perpendicular to the maximum. The molecular 
extinction coefficient was calculated by the expression

<21
and the Ai> 1/2 was measured directly with a ruler where e 
has half of its value. These values, applied directly to formula 
1 gave the A value.7

The discussion about the accuracy' and reproducibility of 
the results can be found elsewhere2,6 and we will not cover 
this point further.

A typical experiment is illustrated in the calculation of 
cholestan-3-one and A6-cholesten-3-one (Table I). The re
sults agree in a satisfactory way with those previously re
ported by Jones for these two steroidal compounds, thus 
demonstrating the validity of our technique.

R E S U L T S  A N D  D IS C U S S IO N

The results obtained are listed in Table II. The 
values of the integrated absorption areas8 show that 
the value of cvclopentanone is lowered when a 
methyl group occupies the a or the /3 position. In the 
cyclohexanones, a methyl group lowers the value 
of A: in 2,2-dimethylcyclohexanone the value is 
lower than for the 2-methyl compound, and in the
3-methylcyclohexanone the value of A is higher 
than in cyclohexanone. Wherever a substituent is 
located in the «-position of the carbonyl group the 
same result is observed, i.e. a lowering in the intens
ity of the absorption band. These results suggest 
two factors operating at the same time that can 
affect the intensity of the band. The first is the 
inductive effect of the alkyl group that increases 
the value of A while the second and more important 
is steric in nature and lowers the value of A.

It is known that there are many factors that 
affect the shape and intensity of the infrared bands, 
mainly connected with the interactions of electric 
and magnetic moments present in the molecule and

(7) One intensity unit = 1 X 104 mole 1 liter cm. 2 Ref.
G.

(8) The value of the molecular extinction coefficient is 
not accurate enough to make correlations because it is sub
ject to factors like the width and height of the band. The 
A values take Ar 1/2 in consideration and are more useful 
for this kind of correlations.

occurring during the vibration. We have found that 
the values obtained can be explained in an empirical 
form as a function of the inductive and steric fac
tors.

Aliphatic ketones. An interesting example where 
the two effects can be clearly seen is the aliphatic 
ketones, acetone, methyl ethyl ketone, methyl 
isopropyl ketone, and methyl (erf-butyl ketone. The 
A values for these are 1.71, 1.85, 2.20, and 1.40 
units, respectively.9 10 In the first three ketones the 
increase is due to the inductive effect that increases 
in the same order, but in pinacolone, the value of A 
is only 1.40 units and this is probably due to the 
steric effect of the /erf-butyl group which hinders 
the carbonyl group.

Cyclopentanones. Cvclopentanone has an A value 
of 2.66 units and the 3-methyl derivative only 2.50 
units. This small difference is possibly due to the 
inductive effect of the methyl group. In the 2,4,4- 
trimethylcyclopentanone the intensity decreases to 
1.97 units due to the bulk of the substituents, 
especially in the position alpha to the carbonyl. 
Cyclopentanones usually have two maxima for the 
carbonyl stretching vibration due to an intra
molecular vibration. '0 Under our working condi
tions (low resolution) only one band is present, 
which is used for the calculations. The value of 
a-bromocyclopentanone follows the same trend 
observed in other a-haloketones.

Camphor has an A value of 2.75 units, and in 
comparison with its X max. and A value this com
pound behaves more like a cyclopentanone than a 
cyclohexanone, although this A value would be 
high for a substituted cyclopentanone.

Cyclohexanones. The values of A for cyclohexa
none, 2-methylcyclohexanone and 2,2-dimethyl- 
cyclohexanone are 2.49, 2.14, and 1.62 units, show
ing clearly the importance of the steric effect. The 
effect that can be ascribed to the dipole-dipole inter
action is not important because it is believed that

(9) In these acyclic ketones the same order is obtained in 
the values of A? 1/2 (15.5, 16.4, 20.1, and 8.5) but this is 
not a general trend in the other ketones. It is mentioned 
only for further observations.

(10) R. N. Jones, private communication.
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TABLE II
I n ten sity  M ea surem ents of th e  Carbonyl B and“

Compound4 6 A Av 1/2

I
Acetone 305 1.71 15.5
Methyl ethyl ketone 312 1.85 16.4
Methyl isopropyl ketone 303 2.20 20.1
Methyl ¿eri-butyl ketone 457 1.40 8.5

II
Cyclopentanone 391 2.66 18.66
3-Methylcyclopentanone 425 2.50 16.37
2,4,4-Trimethylcyclopentanone 300 1.97 18.17
a-Bromocyclopentanone 348 2.21 17.61
Camphor 543 2.75 13.54

III
Cyclohexanone 361 2.49 19.11
2-Methylcyclohexanone 387 2.14 15.32
2,2-Dimethylcyclohexanone 276 1.62 16.24
3-Methylcyclohexanone 381 2.76 20.02
4- M ethy lcyclohexanone 428 1.91 12.50
4-7’erf-butylcyclohexanone 492 2.06 11.57
Cycloheptanone 329 2.35 19.77

IV
a-Bromocyclohexanone, bromine

axial 402 2.09 14.30
a-Bromocyclohexanone, bromine

equatorial 183 1.34 20.26
Cis-2-bromo-4-ierf-butylcyclo-

hexanone 275 1.54 15.51
2Yaras-2-bromo-4-teri-butylcyclo-

hexanone 283 1.89 18.40

3-Methoxy estrone 594 2.80 13.03
Lanosten-3-one 433 2.52 16.1
Cholestan-3-one 438 2.72 17.14
A4-Cholesten-3-one 587 3.32 15.62
A4-Cholesten-3-one 454 2.82 17.17

“ Average values of three experiments at different con
centrations. 4 All the samples were purified specimens; 
since all of them are known, only their physical constants 
are reported:

Acetone, n2Q = 1.3590; methyl ethyl ketone, n™ — 1.3790; 
methyl isopropyl ketone, n2£ = 1.3882; methyl /erf-butyl 
ketone, n™ = 1.3995, b.p. 100°; cyclopentanone, n2D° =
l. 4368; 2-methylcyclopentanone, n2£ = 1.4364; 3-methyl- 
cyclopentanone, re2D3 = 1.4320; 2,4,4-trimethyl cyclopenta
none, n“  = 1.4365, n2J  = 1.4360; a-bromocyclopentanone, 
b.p.2 58-59°; cyclohexanone, nlD9 = 1.4495; 2-methylcyclo- 
hexanone, n2D6 = 1.4442; 2,2-dimethylcyclohexanone, n2£ 
= 1.4459; 3-methylcyclohexanone, b.p. 169°; 4-methyl- 
cyclohexanone, b.p. 171°; 4-ferf-butylcyclohexanone =
m. p. 49°; «-bromocyclohexanone b.p.2 = 59-60° n2D3 =
l. 5143; cfs-2-bromo-4-ieri-butylcyclohexanone, m.p. 66.5°;
ira»s-2-bromo-4-ierf-butylcyclohexanone, n2jj = 1.4984;
camphor, m.p. 179.5°; cycloheptanone, = 1.4365; 3- 
methoxyestrone, m.p. 168-169°, lanostenone, m.p. 115— 
116°; cholestan-3-one, m.p. 130-131°; A4-cholesten-3-one,
m. p. 78-79°; A5-cholesten-3-one, m.p. 124-126°.

the methyl group does not affect substantially the 
dipole of the ketone.

It is possible that repulsive forces of nonbonded 
atoms between a methyl and a hydrogen spread the 
carbon—carbon—carbon bond angle and change 
the force constant of the carbon—oxygen bond.11

It is known that when the carbon—carbon— 
carbon angle in alicyclic ketones is less than 120°,

(11) P. D. Bartlett and M. Stiles, J. A,n. Chan. Soc., 77, 
2806(1955).

due to the repulsions of the alkyl groups in the 
neighborhood of the ketone, it is not possible to 
have a complete sp2 hybridization, and therefore 
the force constant and the stretching frequency of 
the carbon—oxygen bond is altered.

It may be that a factor of this kind is responsible 
for the values of A. The 3-methylcyclohexanone 
showed a higher value than cyclohexanone. Since in 
this case there is no steric effect operating in the 
d-position of the carbonyl, this increase can be 
ascribed to the small inductive effect of the methyl 
group.4'12 The values for the 4-methyl and 4-tert- 
butylcyclohexanone (1.91 and 2.06 units) cannot 
be due to steric effects which are absent in this 
position nor to the inductive effect of the alkyl 
group which is separated by two methylene groups. 
The low A values in these two ketones must be pro
duced by some other cause.

Cycloheptanone has a lower value (2.35 units) 
than cyclopentanone or cyclohexanone and it is 
in reasonable agreement with the value of 2.21 
recently reported by Gunthard.13

a-Bromocyclohexanones. The introduction of a 
bromine atom in the a-position of a carbonyl 
affects considerably the frequency of the absorption 
band. A bromine atom in cyclohexanone shifts the 
frequency of the band ca. 16 cm.-1 when it is in the 
equatorial position and 2-4 cm.-1 when it is axial.14

The intensity of the carbonyl band is reduced by 
halogen in a similar way and we get a value of 1.34 
units (46% reduction) for the a-bromo cyclohexa
none when the halogen atom is in the equatorial 
position, and a value of 2.09 units (17% reduction) 
when it is axial. This observation together with the 
shift on the frequency of the absorption band can 
be useful for characterizing the configuration of the 
halogen in a-halo ketones.

Comparing the value of cyclopentanone (2.66) 
with the value of a-bromocyclopentanone (2.21 
units) we get the same 17% reduction in intensity 
of the band. The axial position of the cyclohexane 
and the position of the substituents in the cyclo
pentane ring can be considered to some extent 
similar since in both cases they are almost per
pendicular to the so-called horizontal plane of the 
ring. It is interesting to note that in these two cases 
where the halogen have a similar geometry with 
respect to the carbonyl group and the plane of the 
molecule, the intensity is lowered in the same pro
portion.

In the 4-ieri-butylcyclohexanone A is 2.06 units 
and this value diminishes to 1.89 (8.5%) when a

(12) R. N. Jones, ref. 2, found that a halogen in the a-posi- 
tion of a carbonyl lowers the intensity of the absorption 
band; if an electronegative group lowers the value of A, a 
group like an alkj’l should show the opposite effect.

(13) T. Biirer and H. H. Gunthard, Helv. Chim. Acta 
39, 356 (1956), found a pronounced dependence of half 
width and absorption intensity on the medium size ring of 
cyeloalkanones.

(14) E. J. Corey, J. Am. Chem. Soc., 75, 2301, 3297
(1953).
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bromine atom is introduced in the axial position. 
The reduction is still greater when the bromine is 
in the equatorial position (1.54 units, 25%).

In both cases the lower intensity is observed 
when halogen is in the equatorial position.

Steroid ketones. A few steroidal ketones were 
studied to compare our values with those reported 
by other workers and the results are given in Table 
I. There are some facts that should be mentioned: 
Lanostenone (2.52 units), which can be considered 
to be an a,a-dimethyl derivative of a 3-keto steroid, 
has a lower value than cholestan-3-one (2.72 units). 
Estrone methyl ether, a five-membered ring ketone 
has a higher value (2.80 units) than a six-membered 
ring ketone such as cholestan-3-one.

The intensity of an a,/3-uusaturated ketone such 
as A4-cholesten-3-one (3.32 units) is much higher 
than cholestan-3-one. The intensity of a /3,7-1121- 
saturated ketone such as A5-cholesten-3-one (2.82 
units) is between the values of the saturated and 
the a,/3-unsaturated ketones, showing that the 
effect of the double bond in this position (homo- 
allylic resonance15 16) can also be noted by infrared 
spectroscopy.

Other evidence in the steroid field is the fact that 
a 3-keto group in the molecule shows a value of
2.55 units2 and other ketones that are known to be 
more highly hindered show lower values, i.c. the
7-ketone, 2.16 units, the 11-ketone, 2.21 units, and 
the 12-ketone, 2.27 units. The ketones in the five- 
membercd ring D of the steroid nucleus, show the 
same effect, i.c. the ketone in the 16-position has a 
value of 2.74 units and the 17-ketone which is 
adjacent to the C ring and to a methyl group has a 
2.69 units value.

In all ketones that are subjected to stcric effect 
we observe a lower intensity value so the assump
tion made before agrees reasonably well.

Analysis of overlapped areas. One of the possible 
applications of the study of integrated absorption 
areas, is the quantitative determination of some 
isomers that absorb in almost the same position. 
The use of this method of calculation to evaluate 
the proportion of isomers is restricted to mixtures 
that show a well defined inflection point in the 
infrared, and the results will be more accurate with 
better resolution of the peaks.

In the monobroinination of 4-fcrt-butylkctone the 
ds and trans isomers are obtained. These were 
recently separated and their infrared spectra were 
studied by Allinger,16 who found that the cis isomer 
absorbs at 1737 cm.-1, and the trans isomer (bro
mine axial) at 1724 cm.-1 with slight shifts accord
ing to the composition of the mixture. By chro
matography and fractional crystallization, 66% of 
the equatorial and 28% of the axial isomers are

(15) S. Winstein and Pt. Adams, J. Am. Client. Sue., 70, 
838 (1918).

(16) N. L. Allinger and J. Allinger, J. Am. Chem. Soc.,
80,5476(1958).

obtained.17 These percentages, normalized to 100% 
are 70% equatorial and 30% axial.

By examination of the curve obtained from this 
mixture, an inflection point can be seen, which 
shows much better by enlarging the scale. If in the 
asymmetric curve a symmetric one is drawn on the 
principal maxima and the log. Io /I  is calculated we 
can determine the percentage of the isomer in the 
mixture by the following procedure: Since we know 
the values of A for the pure axial isomer, it is pos
sible to get c from Equation 1.

ios- j  a "1/ 2

The ratio of the obtained concentration (c') and 
the weighed concentration will be the ratio of 
isomers in the mixture.

c'— X 100 = % axial isomer c

The value obtained is 80.3% which agrees, with 
an error of 2%, with the reported data of Allinger 
for the equilibrium position for these bromo- 
ketones.

Another empirical way to obtain the ratio of 
isomers in the mixture, is to take the ratio of half

Fig. 1. A 2/A i = proportion of isomers in the mixture. 
A2 is the area for the axial isomer and Ai the area for the 
equatorial isomer. Although this kind of analysis is not 
exact, it gives values close to those that can be obtained 
by the use of more elaborate and difficult methods

(17) In ref. 16. See Experimental part. In the separation of 
the isomers the equatorial was obtained from crystallization 
in pentane. From 1.8 g. of fractionally distilled compound
1.2 g. of white needles m.p. 54-64° are obtained that are 
purified by repeated crystallizations. From the same dis
tilled compound by chromatography in silica gel 0.85 g. are 
obtained from 3 g. of starting material. This material is sub
jected to another chromatography and is obtained in a 
purity of at least 95%. From these amounts the percentage 
of isomers obtained in the reaction can be calculated to be 
66% equatorial and 28%. axial. These isomers can be equili
brated with anhydrous hvdrobromic acid in carbon tetra
chloride solution and 78% of the axial isomer is obtained 
the equilibria being equatorial ^  axial = 3.5.
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of the areas in the part where there is not over
lapping. Fig. 1. A ilA x would give the ratio in 
which both isomers are present.

This kind of analysis was made in a-bromocyelo- 
hexanone; the curve was carefully measured at 
each cm.-1 and its area calculated using Simpson’s 
rule. The ratios A 2/Ax obtained in two experiments 
were 1.372 and 1.278; that is a proportion of 57.85% 
and 56.10% for the axial isomer in the mixture.

Further experiments on quantitative analysis of 
overlapped areas will be reported later.
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A new hydrocarbon has been isolated as a by-product of the preparation of 1,3,5-tri-Z-butylbenzene by the reaction of
1.4- di-i-butylbenzene and ¿-butyl chloride in the presence of aluminum chloride. This hydrocarbon has been identified as
1.1.4.4- tetramethyl-6-Lbutyl-l,2,3,4-tetrahydronaphthalene (II). Its properties indicate that it is not Senkowski’s hydro
carbon, as previously proposed.

The Friedel-Crafts alkylation of 1,4-di-t-butyl- 
benzene with ¿-butyl chloride gives a complex 
mixture.3’4 5 The products previously identified are
1,3-di-f-butylbenzene,3 1,3,5-tri-i-butylbenzene (I)3 
and l,l,4,4,5,5,8,8-octamethyl-l,2,3,4,5,6,7,8-octa- 
hydroanthracene (III).4 I t has been suggested that 
formation of compound III proceeds via the 
alkylation of 1,4-di-i-butylbenzene by the 2,5- 
dimethyl-2-hexyl cation with the attendant or 
prior loss of ¿-butyl cations from the aromatic 
nucleus, and that the unknown compound II is 
an intermediate (equations 2, 3, and 4).6'6 The 2,5- 
dimethyl-2-hexyl cation is thought to arise by 
dimerization of isobutylene followed by several 
rearrangement steps (equation l ).6 Evidence for 
the suggested mode of formation of III are the 
observations that (1) ¿-butyl chloride yielded about 
1% of 2,5-dichloro-2,5-dimethylhexane when con
tacted briefly with aluminum chloride near 0°;6 
and (2) Friedel-Crafts alkylations of l,4-di-(- 
butylbenzene and of benzene with 2-chloro-2,5- 
dimethylhexane produced III .6

c h 3 c h 3

c h 3 c h :
\ /c +
/

/  / c h 2
CH3—C+ +  C IL -C  — > 1

\  \ CH, II
c h 3 c h 3 \ /c

/ \  
c h 3 c h 3

(l)

CHs CH3

II III

(1) Taken in part from the Ph.D. thesis of Philip C. 
Myhre, University of Washington, 1958.

(2) National Science Foundation postdoctoral fellow at 
the Nobel Institute, 1958-59.

(3) P. D. Bartlett, M. Roha, and R. M. Stiles, J. Am. 
Chem. Soc., 76, 2349 (1954).

(4) L. R. C. Barclay and E. E. Betts, J. Am. Chem. Soc., 
77,5735(1955).

(5) L. R. C. Barclay and J. W. Hilchie, J. Orcj. Chem., 
22,633(1957).

(6) F. E. Condon, J. Org. Chem.. 21, 761 (1956).

In these laboratories, application of the proce
dure of Bartlett, Roha, and Stiles3 to the prepara
tion of large quantities of 1,3,5-tri-f-butylbenzene 
led to the isolation of a small yield of a new color
less crystalline compound, m.p. 63-64°, which has 
been found to have the structure of the proposed 
intermediate II. This compound was obtained 
from a complex mixture of high boiling products 
by fractional distillation and recrystallization. 
Evidence for the structural assignment is pre
sented below.
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The molecular formula of the compound as de
termined by carbon-hydrogen analysis and molec
ular weight measurements was found to be CigH^. 
The compound was inert to treatment with basic 
permanganate. Dehydrogenation of a sample of 
the hydrocarbon yielded a material which had an 
ultraviolet spectrum characteristics of a naphtha
lene, indicating that the compound is bicyclic. 
The ultraviolet spectrum of the hydrocarbon had 
the characteristic 260 m,u absorption band of a 
benzene derivative. There were no indications in 
the ultraviolet spectrum that strongly conjugating 
groups are attached to the benzene ring. The infra
red spectrum indicated that the compound is an 
unsymmetrically trisubstituted benzene. This is, 
in the 900 to 675 cm.-1 region assigned to out of 
plane bending vibrations of aromatic hydrogens, 
strong absorption bands were found at 892 cm.-1 
and 825 c m r1. The 825 cm x 1 absorption is in the 
region (820 cm.“ 1) assigned to out of plane bend
ing vibrations of two adjacent hydrogens.7 The 
band at 892 cm.-1 although higher than the 
normally observed frequency (860 cm.“1) might be 
considered to be an out of plane bending vibration 
of an isolated aromatic hydrogen.

Two independent syntheses of the hydrocarbon 
were achieved. The first synthesis involved the 
alkylation of ¿-butylbenzene with 2,5-dichloro-2,5- 
dimethylhexane (see Fig. 1). A product identical 
in all respects with the unknown hydrocarbon was 
isolated in 14% yield. In addition, the hydrocar
bon identified by Barclay, III, was isolated in 20% 
yield. Moreover, a large amount of 1,4-di-f-butyl- 
benzene also was obtained presumably through 
disproportionation of ¿-butylbenzene. Its occur
rence makes the reaction of doubtful value as an 
unambiguous proof of structure. Consequently an 
alternative synthesis of the hydrocarbon was under
taken, starting with the previously reported 1,1,-
4,4,6-pentamethyl-l,2,3,4-tetrahydronaphthalene,
IV .8 The 6-methyl group of IV was converted to a 
64-butyl group by standard methods as shown in 
Fig. 1. None of these steps appears to be of a type 
which would lead to a rearrangement of the carbon 
skeleton. All conversions in this sequence were 
effected in yields of 80% or better with the ex
ception of the last coupling step. The final product 
had a melting point identical with that of the hy
drocarbon obtained in the alkylation of 1,4-di-i- 
butylbenzene with ¿-butyl chloride and the mixed 
melting point was not depressed. The infrared and 
ultraviolet spectra of the two materials were 
identical.

The structure of the acid V, obtained by oxida
tion of the known compound IV, also was related 
to the structure of the known phenol X. The acid 
V was converted to an aromatic primary amine by

(7) N. B. Colthup, J. Optical Soc. Am., 40, 397 (1950).
(8) H. A. Bruson and J. W. Kroeger, J. Am. Chon. Soc.,

62, 30 (1940).

x
Figure 1

use of the Schmidt reaction and the resulting 
amine was converted via the diazonium salt to a 
phenol identical with compound X. The structure 
of X had previously been established by degrada
tion as well as by its synthesis through the alkyla
tion of phenol with 2,5-dichloro-2,5-dimethyl- 
hexane. 8

Barring unexpected rearrangements in the inde
pendent syntheses of the hydrocarbon, it appears 
definitely to have the structure II, i.e., 1,1,4,4- 
tetramethyl-6 - ¿-butyl-1,2,3,4 - tetrahydronaphtha- 
lene.

The fact that; compound II is obtained along 
with compound III in both the Friedel-Crafts 
alkylation of 1,4-dM-butylbenzene with ¿-butyl 
chloride and the alkylation of ¿-butylbenzene with
2,5-dichloro-2,5-dimethylhexane lends support to 
Barclay’s suggestion that compound II is an inter
mediate in the formation of I I I .5 Barclay also has 
proposed that compound II is identical with hy
drocarbon obtained by Senkowski in 1890.9 
Senkowski had obtained a “flaky white solid” 
(m.p. 128°, b.p. 291-292°/736.6 mm.) along with 
¿-butylbenzene and 1,4-di-i-butylbenzene from the 
reaction of benzene, isobutyl chloride, and alu
minum chloride and had erroneously thought it to 
be a tri4-butylbenzene.6 However, Senkowski’s 
hydrocarbon is probably not compound II either, 
in view of the wide discrepancy in melting points.10

E X P E R IM E N T A L

Alkylation of p-di-t-butylbenzene with t-butyl chlorideA 
Cold ¿-butyl chloride (445 g., 4.8 moles) was added over a 
period of 2 hr. to a mixture of 785 g. (4.1 moles) of 1,4-di-l- 
butylbenzene, 601 g. (4.9 moles) of aluminum chloride, and 
2 1. of ethylene dichloride which was cooled to below 5°. 
The reaction mixture was stirred vigorously for 4 hr. at a

(9) M. Senkowski, Ber., 23, 2412 (1890).
(10) The infrared spectrum of II differs considerably 

from that of a compound (m.p. 129°) isolated from the 
residues of a commercial preparation of 1,4-di-i-butylben- 
zene and believed to be Senkowski’s hydrocarbon (ref. 3). 
We are indebted to Professor P. D. Bartlett for kindly fur
nishing us an infrared spectrum of the latter compound.
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temperature between —5° and 5° and then was hydrolyzed 
by cautiously pouring onto iee and wader. The organic layer 
was separated and washed several times with water and 
then was dried over sodium carbonate. The solvent was re
moved by distillation and the remaining oil was distilled 
through a modified Claisen distilling head under reduced 
pressure. The following fractions were obtained:

Fraction B.P. Pressure, Mm. Wt., G.
1 105-110 12 115
2 113-118 12 116
3 119-124 12 282
4 >125 12-5 51

Residue 125

(a) 1,8,5-Tri-i-bulylbenzcnc. Fraction 3, which was par
tially solid, was suction filtered. The solid, which was 
washed with two 50-ml. portions of ccld ethanol and air 
dried, weighed 107 g., m.p. 66-69°. Two recrystallizations 
from ethanol yielded 78 g., 8% odeld, of 1,3,5-t.ri-i-butyl- 
benzene, m.p. 70.5-72°.11>12

Further recrystallization and sublimation gave a sample 
melting at 72.2-72.8°, reported3 m.p. 72 5-73.0°.

Anal. Calcd. for C!8H3o: C, 87.74; H, 12.26. Found: C, 
87.66; H, 12.21.

(b) l,lAA,5,5,8,8-Oclamethyl-l,2,3A,5,6,7,8-octahydroan- 
ihracene (III). The solid collected by suction filtration from 
the partially crystallized fraction 4 was combined with 
the crystalline product obtained from the residue by crys
tallization from n-heptane. The combined solids after 
several recrystallizations from n-heptane and chloroform- 
methanol weighed 35 g. and melted at 205-210°, reported3 
m.p. 209-210°. The infrared and ultraviolet spectra of this 
material were identical with those reported by Barclay for 
compound III.12

(c) Compound II. l,lAA-Tetramethyl-6-i-butyl-l,2,SA- 
tctrahydronaphthalene. The filtrate from fraction 4 was dis
tilled through a 20-in. spinning band column under reduced 
pressure. The first fraction collected was mainly 1,3,5-tri- 
¿-butylbenzene. The second fraction (10 g. of viscous oil, 
b.p. 130-131 °/5 mm., n2D5 1.5066) crystallized after standing 
for several days. The solid was collected on a suction funnel, 
washed with cold ethanol (about 20 ml.) and recrystallized 
twice from absolute ethanol yielding 2.5 g. of colorless, square 
platelets (m.p. 62.5-64°). Repeated crystallization and 
sublimation yielded a sample which melted at 63-64°. The 
infrared spectrum in the aromatic C—II bending region7 
had strong bands at 825 and 892 cm.-1. The ultraviolet spec
trum in ethanol had the following Xm„ and emax values: 
206 m¡i (515): 274 mu (418); shoulder at 200 m^ (375).

Anal. Calcd. for Ci8H28: C, 88.45; H, 11.55. Found: C, 
88.60; H, 11.33. Calcd. mol. wt.: 244. Found: 242 (Rast 
method).

(d) Other products. 1,3-Di-i-butylbenzene and 1,4-di-i- 
butylbenzene were the principal constituents of fractions 
1 and 2. These compounds were not isolated in a pure state. 
There were also considerable amounts of high boiling mate
rials and residue which were not identified. Solutions of 
these materials were fluorescent in normal artificial light 
indicating the presence of polycyclic aromatic hydrocarbons.

Dehydroqenation of compound II. Compound II (0.10 g.) 
was dehydrogenated over 5% palladium on charcoal (2 g.) 
in an evacuated sealed tube heated to 450° for 12 hr. After 
releasing the internal pressure, the contents of the tube were 
placed in a gravity filter and washed thoroughly with puri
fied pentane. The filtrate was evaporated to dryness and the 
residue was dissolved in ethanol. The ultraviolet spectrum of 
the ethanol solution possessed the characteristic absorption

(11) Undoubtedly tin; best method of preparation of this 
compound is described by Barclay and Betts.11 12

(12) L. It. C. Barclay and E. F. Betts, Can. J. Chan., 33,
672(1955).

bands of a naphthalene in the 300-320 mp and 280-290 mp 
region. Absorption bands at 266 and 276 mp characteristic 
of the starting hydrocarbon also were present, indicating 
that the dehydrogenation had not gone to completion.

Alkylation of t-butyl benzene with 2,5-dichloro-2,5-dimethyl- 
hexane. Alternative preparation of compound II. Anhydrous 
aluminum chloride (0.18 g.) was added to a solution of t- 
butylbenzenc (10.6 g., 0.79 mole) and 2,5-dichloro-2,5-di- 
methylhexane4 (3.3 g., 0.18 mole) in a flask fitted with a 
magnetic stirrer. The reaction mixture was stirred vigor
ously at room temperature for 40 min. and then was hydro
lyzed with ice and dilute hydrochloric acid. Pentane was 
added, and the organic phase was separated, washed with 
water, and dried over anhydrous sodium sulfate. The pen
tane and ¿-butylbenzene were removed by distillation, and 
the semisolid residue was distilled through a spinning band 
column under reduced pressure. 1,4-Di-f-butylbenzene (1.9 
g., b.p. 120°/12 mm.) was isolated from the distillate. This 
compound was characterized by its melting point, infrared 
spectrum, and elementary analysis. The residue remaining 
in the distillation flask was dissolved in chloroform-metha
nol and allowed to crystallize. The crystalline material 
collected (0.55 g., m.p. 195-211°) was shown to be III by 
comparison of the infrared spectra. The filtrate was con
centrated and the residue was collected. Fractional crys
tallization from ethanol and sublimation yielded 0.65 g. 
of colorless square platelets, m.p. 62.5-64°, no depression 
in melting point when mixed with the hydrocarbon, m.p.
62.5-64°, obtained in the alkylation of 1,4-di-f-butylbenzene 
with f-butyl chloride (described above).

1,1 A)k,6-Pentamethyl-1,2,3A-letrahydronaphthn\aic (IV).8 
Two grams of aluminum chloride was added cautiously to a 
stirred solution of 2,5-dichloro-2,5-dimet.hylhexane (47 g.) 
and toluene (100 ml.) and cooled to 0°. The mixture was 
warmed slowly to room temperature (24-26°) and was 
stirred overnight. The mixture was hydrolyzed with dilute 
hydrochloric acid and washed with water until neutral. The 
organic phase gave a negative test when treated with 
methanolic silver nitrate. After the solution was dried over 
magnesium sulfate, the excess toluene was removed by dis
tillation under 20 mm. pressure, leaving 50.5 g. (88%) of a 
colorless solid, m.p. 32-34°. Rccryst.allization from metha
nol-acetone yielded platlets, m.p. 31°.

Anal. Calcd. for Ci5l l22: C, 89.04; H, 10.96. Found: C, 
89.06; H, 10.92.

l,lA A Jl'etram.ethyl-6-carbm:y-l,2,3A-letrahydronaphtha- 
lene (V). The procedure used was essentially that of Schlat
ter13 as adapted by Wcpster cl al.u A 500-ml. flask equipped 
with a stirrer and reflux condenser was charged with 35 g. 
of IV, 10 g. of sodium hydroxide, 120 ml. of pyridine, and 
60 ml. of water. The flask was heated in an oil bath main
tained at 95° and 67 g. of potassium permanganate was 
added in portions over a period of 3 hr. The reaction mix
ture was heated and stirred for an additional 2 hr. Then 10 
ml. of ethanol was added slowly to reduce any remaining 
permanganate. After being cooled, the reaction mixture 
was suction filtered (Hyflo), and the collected manganese 
dioxide was washed with 350 ml. of 2V sodium hydroxide. 
The combined nitrate was concentrated to about 250 ml. 
and acidified with 10% sulfuric acid. The flocculent precipi
tate was collected by suction filtration, redissolved in ether, 
and extracted with 10% sodium hydroxide. The basic solu
tion was acidified and the precipitate collected bjr suction 
filtration. Recrystallization from glacial acetic acid gave 
32 g. (80%) of fine white crystals, m.p. 197-199°. Repeated 
recrystallization from benzene-petroleum ether (80-90°) 
gave a sample, melting at 198-199.5°.

Anal. Calcd. for C,5Il2o02: C, 77.61; II, 8.6S. Found: C, 
77.67; H, 8.92. Neut. equiv.: Calcd. 232.3. Found: 232.

(13) M. J. Schlatter, U. S. Patent 2,635,114 ; Chcm. Abstr., 
48,7059(1954).

(14) W. van Hartinsveldt, P. E. Verkade, and B. M. 
Wcpster, lice. Irav. chim., 75, 349 (1956).
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1,1,4,4.-THramethyl-6-carbomethoxy-l ,2,3,4-tctrahyd.ronaph- 
thole ne (VI). A mixture of 13.0 g. of the acid V and 15.0 
ml. of thionyl chloride was heated gently to reflux for 1 hr. 
and allowed to stand for 3 hr. Excess thionyl chloride was 
removed by distillation under reduced pressure. Fifteen 
milliliters of absolute methanol was added to the residual 
acid chloride and the mixture was heated at reflux tempera
ture overnight. The reaction mixture was dissolved in 30 
ml. of ether and washed successively with water, 5% sodium 
bicarbonate, and water. After being dried over anhydrous 
magnesium sulfate the ether was removed by distillation 
under reduced pressure, leaving a viscous straw-colored 
liquid which was distilled to yield 12.9 g. (93%), b.p. 161— 
164°/7-8mm.,n2D5 1.5258.

Anal. Calcd. for C16H22O2: C, 78.01; H, 9.00. Found: 
C, 78.25; H, 9.47.

1,1,4,4-Telramethyl-6-( a-hydroxy-a, a-dimethyl)methyl-
1.2.3.4- tetrahydronaphthalene (VII). A solution of methyl 
magnesium iodide was prepared in the usual manner starting 
with 12.7 g. of methyl iodide, 2.16 g. of magnesium turnings 
and 35 ml. of absolute ether. A solution of 10.0 g. of the 
ester VI and 25 ml. of absolute ether was added dropwise 
to the Grignard reagent (20 min.). The resulting mixture 
was heated at reflux for 1 hr. and allowed to stand over
night. After hydrolysis with 2N  hydrochloric acid, the 
ether layer was washed with water, 5% sodium bicarbonate, 
5% sodium thiosulfate, and water. After being dried over 
magnesium sulfate, the ether was removed by distillation, 
and the residue was recrystallized from petroleum ether 
(80-90°) to yield 12.5 g. (98%) of flocculent white crystals, 
m.p. 91-93°. Repeated crystallization from petroleum ether 
and sublimation afforded a sample melting at 95.5-96.3°.

Anal. Calcd. for CnFDO: C, 82.87; H, 10.64. Found: C, 
83.02; H, 10.75.

l,14,4-Tetramethyl-6-(a-Chloro-a,a-dimethyl)methyl-
1.2.3.4.4- tetrahydronaphthalene (VIII). An ether solution 
(30 ml.) of the alcohol VII (7.0 g.) was cooled to 0°. Anhy
drous hydrogen chloride was passed through the solution 
for 2 hr. During this time square platelets deposited from 
the ether solution. Ice and water were added and the ether 
layer was washed rapidly with water, 5% sodium bicarbon
ate, and water. The ether layer was dried over magnesium 
sulfate and the ether removed by distillation to leave 7.1 g. 
(93%) of the white crystalline chloride which was used 
without purification in the next step.

1,1,4,4-Tetramethyl-6-t-butyl-l ,2,3 4 -ietrahydrmaphthalene 
(II). A solution of the crude chloride VIII (7.0 g.) in ether 
(30 ml.) was added dropwise to a Grignard solution pre
pared from 7.0 g. of methyl iodide, 1.0 g. of magnesium 
turnings, and 20 ml. of absolute ether. The reaction mix
ture was stirred and heated at reflux temperature for 3 
days. The mixture was hydrolyzed with 20 ml. of 3N  hydro
chloric acid and washed in the usual manner, followed by 
drying of the ether solution over magnesium sulfate. A vis
cous, colorless oil (5.5 g.) was obtained upon evaporation of 
the ether. When the oil was dissolved in 30 ml. of absolute 
ethanol, 0.60 g. of white crystalline material precipitated

upon cooling. After recrystallization from petroleum ether 
(90-100°), the material melted at 213-210°. This is pos
sibly a diphenylethylene derivative arising from the coupling 
of two molecules of VIII.

The filtrate was distilled to remove the ethanol and the 
residual oil was sublimed (80°/6-7 mm.) to yield 2.5 g. 
(39%) of crystalline product, m.p. 52-58°. After repeated 
crystallization from methanol-acetone (3 to 1), 1.2 g .  of 
flaky colorless crystals (m.p. 62.5-64°) were obtained. 
The infrared spectrum of this material was identical with 
that of compound II. A mixed melting point showed no 
depression.

1,1,4,4-Tetramethyl-6-hydroxy-l ,2,3,4-tetrahydTonaphtha-
lene (X).8 Three grams of phenol and 5 g. of 2,5-dichIoro-
2,5-dimethylhexane were suspended in 6 ml. of petroleum 
ether (90-100°). Aluminum chloride (0.3 g.) was added and 
the mixture was stirred at room temperature for 24 hr. Tin; 
reaction mixture was hydrolyzed with dilute hydrochloric 
acid, and the partially crystallized organic layer was dis
solved in warm benzene, washed with water until neutral, 
and dried over magnesium sulfate. Concentration of the 
solvent to about 10 ml. and cooling give 3.2 g. of crystalline 
product, m.p. 140°. Two recrystallizations from petroleum 
ether (90-100°) raised the melting point to 145°, reported8 
m.p. 145°.

l,144-Tetramethyl-6-amino-l,2,3,4-tetrahydronaphthalene 
(IX). Sodium azide (1.70 g.) was added in small portions 
to a well stirred mixture of V (5.0 g.), chloroform (20 ml.), 
and 96% sulfuric acid (6.0 ml.) over a 30-min. period. The 
temperature was maintained at 45° with an oil bath during 
the addition and for 1 hr. following. The mixture was then 
heated at 65° for 3?hr. Evolution of nitrogen was rapid dur
ing the first hour. The product was isolated by the addition 
of water, neutralization with sodium hydroxide, and ex
traction with ether. Evaporation of the solvent left 3.5 g. 
(80%) of brownish crystals, m.p. 73°.

Anal. Calcd. for C„H2,N: C, 82.69; H, 10.41; N, 6.89. 
Found: C, 82.89; H, 10.21; N, 7.05.

'A from IX. A solution of sodium nitrite (0.33 g. in 6 ml. of 
water) was added dropwise to an iced suspension of the 
amine hydrochloride IX (1.0 g.) in 20 ml. of 0.1X' hydro
chloric acid. After the addition of sodium nitrite, 50 ml. of 
cold water was added and the resulting suspension was 
stirred vigorously for 4 hr. The fine yellow precipitate 
which formed during this period was collected and dried 
(0.51 g.). Recrystallization from petroleum ether (Norit) 
yielded 0.4 g. colorless needles, m.p. 145°. A mixed melting 
point with X prepared from phenol and 2,5-dichloro-2,5- 
dimethylhexane showed no depression.
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In a search for central nervous system depressants there were prepared a number of 1,3-dioxolanes and 1,3-dioxanes substi
tuted by a tertiary alcohol. The most active compound was 2-methyl-2-(3-hydroxy-3-ethylpentyl)-l ,3-dioxolane (XIV ).

It has been found possible to produce paralysis 
of the skeletal muscles by means of chemical agents 
which act either at the myoneural junction or 
which act on the central nervous system. In these 
laboratories we have been interested in agents of 
both types. Among the agents of the latter type, 
we have investigated a series of 1,3-dioxolanes and
1,3-dioxanes which are herewith reported.

Berger has reported2 on a series of 1,3-dioxolanes 
synthesized by Boekelheide et al,3 The compounds 
tested indicated that effective drugs were to be 
found in the series, but that the activity was of 
short duration and was accompanied by some un
desirable side effects. The work was primarily 
concerned with 4-hydroxymethyl-l,3-dioxolane de
rivatives. There was, however, reported one com
pound which had a hydroxyl group on a substit
uent which was other than on the 4-position of the 
dioxolane ring. This compound, 2-methyl-2-(l- 
hydroxymethyl-n-amyl)-l,3-dioxolane, had a high 
order of activity.

The presently reported series of compounds was 
suggested by the following two considerations. 
As recognized by Berger,2 the metabolism of the 
dioxolanes may, as in the case of mephenesin, 
proceed through an oxidation of the primary alcohol 
with resulting deactivation of the molecule. By 
introduction of the hydroxyl group in the form of a 
tertiary alcohol, such ready oxidation would be 
inhibited. Furthermore, tertiary alcohols may, in 
and of themselves, be expected to have central 
nervous system depressant activity. Boekelheide 
and his group had investigated a large number of
4-(hydroxyalkyl)-l,3-dioxolanes but had not fol
lowed the lead of the 2-(hydroxyalkyl)-l,3- 
dioxolane which they reported. We, therefore, pre
pared a series of 2-(hydroxyalkvl)-l,3-dioxolanes 
and 2-(hydroxyalkyl)-l,3-dioxanes in which the 
alcohols were tertiary.

Condensation of ethyl acetoacetate with ethylene 
glycol gave 2-methyl-2-carbethoxymethyl-l,3-di- 
oxolane (I). By treatment of this ester with two 
moles of ethylmagnesium bromide there was ob

(1) Present address: National Starch Products, Plain- 
field, N. J.

(2) F. M. Berger, Arch, intern, vharmacodynamie, 85, 474
(1951).

(3) V. Boekelheide, L. Liberman, J. Figureras, C. Kres- 
pan, F. C. Pennington, and D. S. Tarbell, J. Am. Chem. 
Soc., 71.3303(1949).

tained 2-methyl-2- (2-hydroxy-2-ethylbutyl) -1,3-di- 
oxolane (II). This material showed an order of 
activity which was of interest. Reaction of the ester 
was therefore carried out with both methyl and 
propylmagnesium halides. The resulting tertiary 
alcohols (III and IV) both showed a lower activity 
than did the f  rst prepared alcohol (II).

We prepared 2,2-diisopropyl-4-hydroxymethyl-
1.3- dioxolane (V) (Promoxolane) for comparison 
and found that it, too, had an activity of shorter 
duration than that of compound II in our mouse 
test, although it possibly did show a better thera
peutic index.

Because there was some thought that hydrolysis 
of II in the body to give ethylene glycol might not 
be desirable, condensation was carried out between 
ethyl acetoacetate and propylene glycol to give
2.4-  dimethyl - 2 - carbethoxymethyl -1,3 - dioxolane
(VI). Treatment of this ester with ethylmagnesium 
bromide gave 2,4-dimethyl-2-(2-hydroxy-2-ethyl- 
propyl)-l,3-dioxolane (VII), which proved to be 
less active than the previously prepared II. For 
the reason given for the preparation of VII we 
carried out the condensation between trimethylene 
glycol and ethyl acetoacetate to give 2-methyl-2- 
carbethoxymethyl-l,3-dioxane (VIII), which was 
converted by ethylmagnesium bromide to 2- 
methyl - 2 - (2 - hydroxy - 2 - ethylbutyl) - 1,3- 
dioxane (IX), which also was not as active as II.

We next considered that we might be able to 
increase the activity of the 1,3-dioxane compounds 
if we employed as a glycol 2,2-diethylpropane-l,3- 
diol, which itself is a central nervous .wstem de
pressant. By carrying out the appropriate conden
sation to give ester X and treatment of this ester 
with ethylmagnesium bromide, the corresponding 
tertiary alcohol XI was obtained. This proved to be 
less active pharmacologically than was II.

At this point we thought it would be interesting 
to prepare a 1,3-dioxane which had its hydroxy- 
alkyl group at a position other than at the 2-posi
tion. To this end we attempted to condense di
isopropyl ketone with trishydroxymethylmethane 
in the way in which we had carried out our other 
similar condensations. In this we were unsuccessful. 
We were also unsuccessful when we changed to 
dioxane as a solvent in order to get a homogeneous 
reaction mixture and when we changed to di- 
methoxyethane or to diethoxvethane to get higher 
reaction temperatures. Anhydrous zinc chloride
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was used instead of toluenesulfonie acid as con- 
«lousing catalyse with no more success. The obvious 
difficulty was steric, coupled with the difficult for
mation of 1,3-dioxanes, as compared with the ready 
formation of 1,3-dioxolanes. To test this hypothesis, 
we tried a condensation between diisopropyl ketone 
and trimethylene glycol, using the same conditions 
under which water was readily eliminated in the 
condensation of the ketone with glycerine to give 
the 1,3-dioxolane (V). Water was eliminated only 
very slowly. This bears out what Boekelheide et al.3 
and Dworzak and Herrmann6 had already indicated, 
namely that 1,3-dioxolanes are evidently more easily 
formed than are 1,3-dioxanes. Unlike Boekelheide et 
al.,3 however, we found that methyl amyl ketone did 
condense wdth trimethylene glycol and so we tried 
the condensation between this less hindered ketone 
and trishy droxymethylm ethane. The resulting 
compound, 2,5-dimethyl-2-amyl-5-hydroxymethyl- 
1,3-dioxane (XII), was no improvement pharma
cologically over compound II.

We next carried out the condensation between 
ethyl levulinate and ethylene glycol. The resulting 
ester (XIII) was allowed to react with ethylmag- 
nesium bromide to give 2-methyl-2-(3-hydroxy-3- 
ethylpentyl)-l,3-dioxolane (XIV). This compound 
showed an interesting order of activity which was 
of prolonged duration. The ester, XIII, vTas there
fore allowed to react with methylmagnesium iodide 
and isopropvlmagnesium bromide. The former 
reaction gave the expected tertiary alcohol XV, 
whereas the reaction wdth isopropylmagnesium 
bromide resulted in the product obtained by addi
tion of one mole of Grignard to the ester, followed 
by reduction of the resulting ketone with a second 
mole of Grignard, to give 2-methyl-2-(3-hydroxy-4- 
methylpentyl)-l,3-dioxolane (XVI). Neither of 
these new alcohols was as interesting pharmacologi
cally as was XIV, which in turn was longer acting 
than either II or V. In mice, XIV had the most 
advantageous ratio of effective dose to lethal dose 
of any of the compounds tested.

In view of the increase in activity obtained by 
introducing an additional methylene group be
tween the tertiary alcohol and the dioxolane ring 
(XIV compared to II), it was of interest to ascer
tain the effect of another methylene group. By 
the procedure of Albertson,7 ethyl 5-oxocaproate 
was prepared. Condensation with ethylene glycol 
gave XVII, which by reaction with ethyl Grignard 
reagent gave the desired 2-methyl-2-(4-hydroxy-4- 
ethylhexyI)-l,3-dioxolane (XVIII). This compound 
was not as active as was XIV.

We prepared one compound which had no hy
droxyl group in it. This compound, 2,2-diisobutyl-4- 
chloromethyl-l,3-dioxolane was prepared to ascer
tain the effect on central nervous system depres-

(6) R. Dworzak and K. Herrmann, Monatsh., 52, 83 
(1929).

(7) N. F. Albertson, J. Am. Chem. Soc., 72, 2594 (1950).
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sion of replacing a hydroxyl group by a chlorine 
atom. Central nervous system depression was ob
served but the toxicity was high.

The pharmacological comparisons of the com
pounds were carried out by Miss Mary Lewis8 
of our Pharmacology Department.

EXPERIM ENTAL9’10

As an example of the procedure used for the condensation 
of ketones with alcohols to give the cyclic acetals, I, V, VI, 
VIII, X, XII, XIII, and XVII, the following is an illustra
tion.

2,5-Dimethyl-S-pentyl-5-hydroxymethyl-l ,3-dioxane. A mix
ture of 60 g. (0.5 mole) of trishydroxymethylmethane, 250 
ml. of toluene, and 0.5 g. of p-tcluenesulfonic acid was 
allowed to reflux with a Dean-Stark trap until no water 
distilled. Methyl «-pentyl ketone, 57 g. (0.5 mole), was 
added, and refluxing was continued until no water dis
tilled. The reaction mixture was cooled, and filtered if neces
sary from starting trishydroxymethylmethane. The filtrate 
was washed with 30 ml. of 10% sodium carbonate and then 
with water. After drying, the organic layer was distilled.

As an example of the procedure used for the reaction of 
the cyclic ketones with the Grignard reagents to give the 
products II, III, IV, VII, IX, XI, XIV, XV, XVI, and 
XVIII the following is illustrative.

2-Methyl-2-(3-hydroxy-8-elhylpentyl)-l,3-dioxolane. To 
methylmagnesium bromide prepared from 71 g. (0.65 mole) 
of ethyl bromide in 200 ml. of ether was added with cooling 
47 g. (0.25 mole) of 2-methyl-2-(2-carbethoxyethyl)-l,3- 
dioxolane in 250 ml. of ether over a period of about 1 hr. 
When spontaneous refluxing ceased, the reaction mixture 
was refluxed for 1.5 hr. and then was decomposed with 
saturated aqueous ammonium chloride. The ether layer

(8) Present address: Pharmacological Research, Plymp- 
ton, Mass.

(9) Temperatures are uncorrected.
(10) Analyses were carried out by Miss Linda Einstein.

was dried over magnesium sulfate, filtered, and concentrated. 
The residue was allowed to reflux for 20 hr. with an equal 
volume of 20% aqueous sodium hydroxide, diluted with 
sufficient methanol to give a homogeneous solution, and then 
a volume equal to the added methanol was removed by dis
tillation. The reaction mixture wras extracted thoroughly 
with Skellysolve B and the extract was dried and distilled. 
The product, distilling at 147-149° (23-25 mm.), wras care
fully fractionated to give a pure product distilling at 118— 
119° (4 mm.), n2D4 1.4575.

Ethyl 5-ketohexamale. Condensation of ethyl acetoacetate 
and acrylonitrile was carried out according to the procedure 
of Albertson.7 Our constants w’ere in excellent agreement 
with those reported. Decarboxylation to 5-oxocapronitrile, 
however, found us in less satisfactory agreement. Our 
product, obtained in 79% yield, distilled at 98-99° (5.5 
mm.), n2D5 1.4287. Reported b.p. 86.5° (5.2 mm.), n“  
1.4790.

Anal. Calcd. for CeHgNO: C, 64.84; H, 8.16; N, 12.81. 
Found: C, 64.67; H, 8.32; N, 12.61.

On treatment of the nitrile with absolute alcoholic hydro
gen chloride, followed by w’ater in the usual way, a 62% 
yield of product b.p. 107° (15 mm.), n2D5 1.4254 was ob
tained. Reported11 b.p. 110-15° (12 mm.).

2,2-Diisobutyl-4-chloromethyl-l,3-dioxolane. Into a flask 
containing 100 ml. of carbon tetrachloride were added simul
taneously from one dropping funnel 162 g. of freshly dis
tilled diisobutyl ketone mixed with 95 g. of epichlorohydrin 
in 150 ml. of carbon tetrachloride and from another dropping 
funnel 13 g. of stannic chloride in 50 ml. of carbon tetra
chloride at such rates as to finish both additions at once. 
By means of an ice bath the temperature of the reaction 
mixture was kept at 25-38°. After the addition was com
pleted, the reaction was allowed to stand overnight and 
was then treated in an ice bath with 80 ml. of 20% sodium 
hydroxide dropwise with stirring. Layers were separated, 
and the aqueous layer was extracted with ether. The ether 
and carbon tetrachloride solutions were dried over mag
nesium sulfate and distilled. The product, b.p. 127-129° 
(20 mm.), «“  1.4465 weighed 162 g. (67%).

M orris P lains, N. J.

(11) L. Ruzicka, Helv. Chim. Acta., 2, 144 (1919).

[Co ntribution  from  th e  Cellulose  R esearch  I n stitu te  and th e  E m pir e  State  P ulp and P a per  R esearch  I n st itu te , 
State  U n iversity  C ollege of F orestry  at Syracuse U n iv e r sit y ]
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Molecular chlorine displaces the carbinol group in a number of p-hydroxybenzyl alcohol derivatives and their methyl 
ethers forming an aldehyde and a chlorinated aromatic ring. The rate of displacement of a primary carbinol group is close to 
the same order of magnitude of comparable chlorine substitution and probably higher than the displacement rates of an 
aldehyde group.

In aqueous and partially aqueous media, molecular chlorine acts as a catalyst to hydrolyze aromatic methoxyl groups to 
phenolic hydroxyl groups and methanol under conditions where no proton-catalyzed hydrolysis is observed. The mechanisms 
involved in the displacement and hydrolysis reactions are discussed.

In common usage, the expression “aromatic sub
stitution” mainly is used in cases where hydrogen 
attached to an aromatic nucleus is replaced by 
some other group, such as halogen. For this rea
son, reactions involving the replacement of a group

other than hydrogen by an electrophilic reactant 
generally are not called substitution reactions, but 
rather “electrophilic aromatic displacements,” the 
common aromatic substitution forming a subgroup 
of the latter reactions.2 Examples of this sort in-
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elude decarboxylations,1 2 3 replacements of alkyl,4 5 
S03H,6 B(OH)26 or SiMe37 groups by bromine, ex
change of an alpha carbinol8 or ether for a nitro 
group,9 and others.

In the present study it has been possible to dem
onstrate that an alpha carbinol or alkyl ether 
group, in a position para to an activating phenolic 
hydroxyl or methoxyl group, is replaced by chlorine 
with remarkable ease. In the simplest case, p- 
hydroxybenzyl alcohol treated with chlorine water 
at room temperature, is instantly converted to
2,4,6-trichlorophenol and formaldehyde:

7 1 0

OH OH

Similarly, 3,4-dimethoxybenzyl alcohol (vera- 
tryl alcohol) was found to form 4,5-dichlorovera- 
trole in 78% yield when chlorinated in glacial ace
tic acid. The yield from the corresponding benzyl 
methyl ether was substantially smaller, under com
parable conditions. When 3-methoxy-4-hydroxy- 
benzyl alcohol (vanillyl alcohol) was exhaustively 
chlorinated in glacial acetic acid, tetrachloroguaia- 
col was isolated from among the reaction products 
indicating the replacement of the carbinol group.
3,4,5-Trimethoxybenzyl alcohol was chlorinated in 
80% yield to 1,2,3-trimethoxy-4,5,6-trichloroben
zene in acetic acid-water mixtures.10 Pinoresinol 
dimethyl ether, a dimer containing two alkyl ether 
groups in position alpha to the aromatic nuclei 
similarly was converted to 4,5-dicliloroveratrole. 
However, the maximum yield obtainable always 
remained below 5% in this case. The above exam
ples serve to illustrate the generality of the displace
ment reaction.

The chlorination of 3,4-dimethoxybenzyl alco
hol in 0.177 hydrochloric acid in acetic acid-water 
mixtures offered an especially interesting case of

(1) Taken in part from a thesis submitted by C. W. 
Denee in partial fulfillment of the requirements of the 
degree of Doctor of Philosophy, State University College 
of Forestry at Syracuse University. A part of the subject 
matter was presented at the 134th Meeting of the American 
Chemical Society, Chicago, 111., September 1958. The 
financial support from the Empire State Pulp and Paper 
Research Associates is gratefully acknowledged.

(2) P. B. D. de la Mare, in Klyne and de la Mare, Progress 
in Stereochemistry, Vol. 2, p. 65. Academic Press, New York, 
1958.

(3) B. R. Brown, Quart. Revs., (London) 5, 131 (1951).
(4) P. D. Bartlett, M. Roha, and R. M. Stiles, J. Am. 

Chem. Soc., 76,2349 (1954).
(5) R. L. Datta and J. C. Bhoumik, ,/. Am. Chem. Soc., 

43,303(1921).
(6) H. G. Kuivila and A. R. Hendrickson, J . Am. Chem. 

Soc., 74,5068(1952).
(7) R. A. Benkeser and A. Torkelson, J. Am. Chem. Soc., 

76, 1252(1954).
(8) C. Gustafsson and L. Andersen, Paperi ja Puu. 37, 1 

(1955).
(9) H. Erdtman and J. Gripenberg, Acta Chem. Scand., 

1,71(1947).
(10) K. V. Sarkanen and R. Strauss, unpublished results.

electrophilic displacement by chlorine and was 
therefore studied in detail. The results obtained 
indicate the following sequence of reactions for the 
process:

c h 2o h

clH i% % - o c h 3
O C H 3  + HC1 

II

Partial
déméthylation

vi . v

+

Quinonoid
Products

Evidence for this sequence of reactions was ob
tained by chlorinating veratryl alcohol (I) and some 
of the reaction intermediates with varying amounts 
of chlorine. All the reactions of the sequence are 
relatively rapid and go to completion in a period of 
half an hour. As will be shown later, the electro
philic displacement of the carbinol group competes 
initially with the substitution at the 6-position, re
sulting in a mixture of products II and III. Both 
compounds are then converted to 4,5-dichlorovera- 
trole (IV) by further chlorination, as demonstrated 
by the fact that the neutral portion of the product 
mixture, after treatment with two moles of chlo
rine, consisted of almost pure 4,5-dichloroveratrole. 
This finding also points out that substitution in the
5- position is negligible before the demethylation 
stage (IV -*• V). The ready conversion of synthetic
6- chloro-3,4-dimethoxybenzyl alcohol to 4,5-di
chloroveratrole by chlorine was established by a 
separate experiment.

Apparently, demethylation of the two methoxyl 
groups in 4,5-dichloroveratrole occurs in a rapid 
sequence, since the methoxyl content of the alkali- 
soluble portion of the chlorination products was 
found to be negligible (less than 1%). That a par
tial demethylation of the intermediate II also takes 
place, was demonstrated in the following way: 
When the alkali-soluble portion of the chlorinated
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Fig. 1. Ionization difference spectra of 4,5-dichloro-, 4,5,6- 
trichloro-, and tetrachlorocatechols

Fig. 2. Ionization difference spectra of the chlorinated 
products of veratryl alcohol at various chlorine/substrate 

ratios

products was methylated with dimethyl sulfate 
and alkali, the chlorocatechols V, VI, and VII suf
fered degradation rather than undergoing méthyla
tion. The only isolated product was crystalline
6-chloro-3,4-dimethoxybenzyl alcohol (II), appar
ently formed by the méthylation of the correspond
ing catechol or catechol monomethyl ether.

The déméthylation reaction has certain peculiar 
characteristics. First, the reaction appears to be 
rapid only in aqueous or partially aqueous media. 
As mentioned earlier, in veratrole derivatives the 
déméthylation is much more rapid than chlorine 
substitution in position ortho to the methoxyl 
groups. However, if veratrole or guaiacol is treated 
with gaseous chlorine in glacial acetic acid or some 
other organic solvent, tetrachlorination can be ac
complished without any apparent sign of déméthyl
ation.11

Secondly, no oxidative mechanism is involved in 
the déméthylation reaction, since recent experi
ments10 demonstrate the formation of methanol 
during the reaction. The possibility of acid-cata
lyzed hydrolysis of the phenolic ether bond was ob
viated by the fact that mineral acids have no effect 
on 4,5-dichloroveratrole at room temperature. 
Neither can déméthylation be accomplished by a

(11) R. Fort, J. Sleziona, and L. Deniville, Bull. soc. chirn. 
France, 810 (1955).

hypochlorous acid solution at pH 5.4. Consequently, 
the demethylation must be caused by the presence 
of elemental chlorine and, moreover, since both 
oxidative and substitution effects are absent, this 
action appears to be of catalytic nature.

The chlorocatechols V, VI, and VII (see Experi
mental) possess characteristic ionization difference 
spectra (Fig. 1). The position of the high wave
length maximum at 320 mp region readily distin
guished these spectra from those of 3-methoxy-4- 
hydroxybenzyl alcohol12 and its chlorine-substi
tuted derivatives (maximum at 300 m^ region) as 
well as from guaiacol derivatives containing a car
bonyl in position para to the phenolic hydroxyl 
group (maximum at 350 mp region).13 3,4-Di- 
methoxybenzyl alcohol, after chlorination with two 
to three moles of chlorine, exhibits ionization dif
ference spectra closely similar to that of dichloro- 
catechol (Fig. 2). Further chlorination changes the 
form of the spectrum toward those of tri- and tet
rachlorocatechols, in full accordance with the pro
posed mechanism.

The presence of chlorocatechols was proven be
yond doubt by chlorinating 4,5-dichloroveratrole 
and methylating the alkali-soluble part of the prod-

(12) G. Aulin-Erdtman, Svensk Papperstidn., 56, 91 
(1953).

(13) O. Goldschmid, J. Am. Chem. Soc., 75, 3780 (1953).
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uct with diazomethane. Crystalline tetrachloro- 
veratrolc was isolated from the resulting mixture.

Two aspects of the electrophilic displacement re
action can be studied on the basis of the reaction 
sequence for the chlorination of 3,4-dimethoxy- 
benzyl alcohol. First, it is possible to estimate, with 
reasonable precision, the ratio of the rate constant 
for the electrophilic displacement at position 1 
(fci) to that of substitution at the 6-position (fc6). 
This can be done by determining the molar ratio of 
formaldehyde formed to the total chlorine consump
tion at low levels of chlorine consumption (0.05 to 
0.3 mole). By carrying out an extrapolation to zero 
chlorine consumption, a value equal to fci/(fci +  
fc6) is obtained. The ratio ki/kt, estimated in this 
way, was found to be 0.10. It may be observed, how
ever, that whereas both 1- and 6-positions are ac
tivated by a p-methoxyl group, the latter receives 
additional activation from the carbinol group in 
the o-position. Consequently, under strictly com
parable conditions, the ratio of displacement of a 
primary carbinol group to aromatic substitution 
could be reasonably expected to be somewhat higher 
than the presently found experimental value.

Secondly, the electrophilic displacement of groups 
other than primary carbinol can be studied by re
placing this group in 3,4-dimethoxybenzyl alcohol 
by other substituents. A displacement rate close to 
that of the carbinol group would result in the forma
tion of 4,5-dichloroveratrole. Failure to isolate di- 
chloroveratrole or to demonstrate the presence of 
its conversion products, the chlorocatechols, in 
the chlorination of 4-ra-propylveratrole, 3-methoxy-
4-hydroxytoluene-co-sulfonic acid and 6-chloro-
3,4-dimethoxybenzaldehyde, demonstrates that 
electrophilic displacement in these compounds 
either does not occur at all, or is substantially re
tarded.

In compounds containing a phenolic hydroxyl in 
the position para to the group to be replaced, alde
hyde and carboxyl groups appear to be subject to 
electrophilic displacement. Both p-hydroxybenzal- 
dehyde and p-hydroxybenzoic acid were converted 
to 2,4,6-trichlorophenol by treatment with chlorine 
water at room temperature.

The presence of quinonoid compounds in chlorina
tion products was indicated by the light absorption 
in the near visible ultraviolet region which showed 
maximum growth after the consumption of two 
moles of chlorine. Because of their instability and 
complex nature, the quinonoid compounds were 
not studied in detail. The assumption of their forma
tion from the chlorocatechols gained support from 
the observation that chlorination of tetrachloro- 
catechol produced the characteristic spectral pat
tern of tetrachloro-o-quinone.

The mechanisms of electrophilic displacement and 
déméthylation reactions. By analogy with aromatic

(14) W. A. Cowdrey, E. D. Hughes, C. K. Ingold, S.
Masterman, and A. D. Scott, ./. Cliein. Soc., 1257 (1937).

substitution reactions,14 the electrophilic displace
ment reaction probably proceeds via a transitory 
sigma complex, according to the following scheme:

i -t bp»
CH2OH C t - C !  CH,OH C1_ C1 + C H 2OH

Q oChT ^  0 ° ™ .  '  O h ™ .
o c h 3 J  o c h 3

OCH;
XI

The nature of the products formed, the observed 
rate of the reaction as well as the absence of photo
chemical effects are all in accordance with the pro
posed mechanism. Furthermore, the displacement 
reaction resembles the aromatic substitution by 
chlorine in that it was found to occur also in rela
tively nonpolar media, such as ethyl ether and car
bon tetrachloride.

A polarized chlorine molecule, rather than a chlo- 
ronium ion (Cl+ or C10H2+), has been pictured as 
the participant of the transition complex, in line 
with the evidence gained from aromatic substitu
tion studies.15 The formaldehyde formed apparently 
is released from the aromatic nucleus in the form of 
its protonated, positively charged ion.

A number of reported displacement reactions by 
a nitronium ion and by bromine (Table I) probably 
follow a reaction mechanism similar to the chlorine 
displacement. This is suggested by the nature of 
substituents replaced and the products from 
them, as well as by the relatively high rates of these 
reactions. The fact that the displacement of alde
hyde and carboxyl groups has only been observed 
in instances where these groups are activated by a 
para-hydroxyl group, whereas carbinol and car
binol ether groups in position para to a methoxyl 
group are displaced is in accordance with the re
sults of the present study.

TABLE I
E lectrophilic  D isplacem ent  R eactions by N itronium

I on and by Bromine

Displacement
React- Substituent Product from

ant Substrate Displaced Substituent
n o 2+ Dibromopino- Sec. carbinol Aldehyde

resinol ether
dimethyl
ether9

NO,+ Vanillyl alcohol8 Prim, carbinol Not determined
N 02 + Vanillin8 Aldehyde Not determined
n o 2+ Vanillic acid8 Carboxyl Not determined
Br2 p-Hydroxybenz- Aldehyde CO

aldehyde16
p-Hydroxybenz- Carboxyl C02

oic acid16

(15) P. B. D. de la Mare, E. D. Hughes, and C. A. 
Vernon, Research {London), 3, 192 (1950).

(16) A. W. Francis and A. J. Hill, J. Am. Chem. Soc., 46 
2498(1924).
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In general, the ease of electrophilic displacement 
appears to be highly dependent on the nature of the 
substituent to be replaced, suggesting the release 
of the substituent to be the rate-determining step 
in the process rather than the formation of the 
transition complex. Resonance stabilization of the 
departing positive ion would conceivably facilitate 
such a release. Consequently, the observed high rate 
of displacement of primary carbinol group tenta
tively can be assigned to this factor. In contrast, 
the rate-determining step in aromatic substitution 
by bromine appears to be the formation of the 
sigma complex.17

In visualizing the mechanism of the déméthyla
tion reaction, it is necessary to account for the fact 
that chlorine acts as a catalytic agent rather than 
as an oxidant, as was assumed earlier for similar 
processes.18

Two alternative mechanisms may be considered 
for the chlorine-catalyzed déméthylation. First, 
molecular chlorine, by virtue of its strongly elec
trophilic character, may play a role similar to a pro
ton in an acid-catalyzed hydrolysis :

Cl- - -Cl:OCH3- • 0 —H 
I
H

c r + C 1 0 + c H3° H + Ht 

|h 2o

u
OH + H0C1

The second mechanism consists of an attack of 
the chlorine molecule in the position para to the 
methoxyl group resulting, in aqueous solution, in 
the formation of the intermediate XII or XIII.

e  ©
Cl” -Cl Cl Cl-Ç1

©o c h 3
XII XIII

Either of these species may be converted to the free 
phenol with the simultaneous generation of metha
nol and regeneration of the chlorine molecule.

The occurrence of déméthylation reactions has 
been observed earlier in the nitration of aromatic 
methyl ethers, both in aqueous19 and acetic acid20 
media. Results by Ingold and co-workers20 point out 
that these reactions have the nature of a nitronium 
ion-catalyzed solvolytic cleavage and, as such, ap
pear to be closely related to chlorine-catalyzed de-

(17) P. B. D. de la Mare, T. M. Dunn, and J. T. Harvey, 
J. Chem. Soc., 923 (1957).

(18) E. V. White, J. N. Swartz, Q. P. Peniston, II. 
Schwartz, J. L. McCarthy, and A. Hibbert, Tech. Assoc. 
Papers, 24, No. 1, 179 (1941).

(19) R. M. Schramm and F. II. Westheimer, J. Am. 
Chem. Soc., 70, 1782 (1948).

(20) C. A. Bunton, E. P. Hughes, C. K. Ingold, D. I. II.
Jacobs, M. H. Jones, E. J. Miukoff, and It. I. Reed, J.
Chem. Soc., 2028 (1950).

méthylations. The former reactions do differ, how
ever, from déméthylations by chlorine in that they 
proceed readily in acetic acid solution, liberating 
methyl acetate from the original methoxyl group.

Results from a separate study21 indicate that 
both the electrophilic displacement and déméthyla
tion reactions take place in the chlorination in 
wood lignin and in commercial wood pulps. They 
appear to contribute significantly to the lignin solu
bilization process both by degrading the macro
molecules to smaller fragments and by increasing 
their hydrophilic nature.

EX PER IM EN TA L

Chlorination of p-hydroxybenzoic acid, p-hydroxybenzyl 
alcohol, and p-hydroxybenzaldehyde. One gram (0.0072 mole) 
of p-hydroxybenzoic acid was dissolved in 200 ml. of water 
and chlorine water (0.025 mole in 100 ml. of O.liV hydro
chloric acid) added. A flocculent precipitate slowly formed 
which was filtered, dried, and sublimed in vacuum. The 
melting point of the sublimate (67-68°) was undepressed in 
admixture with authentic 2,4,6-trichlorophenol. 2,4,6- 
Trichlorophenol wras isolated from chlorinated p-hydroxy
benzaldehyde and p-hydroxybenzyl alcohol in the same 
manner. Formaldehyde was identified among the reaction 
products, in the latter case, by distilling the filtrate and pre
cipitating the dimedone derivative, m.p. 189-190°, from 
the distillate.

In order to establish the approximate yields of 2,4,6-tri
chlorophenol and formaldehyde, the following experiments 
were carried out: p-Hydroxybenzyl alcohol (0.500 g.) was 
chlorinated in aqueous solution with 3.2 moles of chlorine 
per mole of substrate. After total consumption of chlorine, 
the solution was thoroughly extracted with ether. After 
drying and removal of the solvent, the residue consisted of 
impure crystals of 2,4,6rtrichlorophenol (crude yield: 81%).

To determine the quantitative amount of formaldehyde 
liberated in the reaction, 8.3 mg. of p-hydroxybenzyl alcohol 
was chlorinated in aqueous solution with 3.2 moles of 
chlorine. After exhaustion of the chlorine, the sample was 
diluted to 100 ml. with distilled water and a 10 ml. aliquot 
removed for formaldehyde analysis by the cliromatropic 
acid method.22 The yield determined in this way was 80%.

4,5-Dichloroveratrole. Isolation from the chlorination prod
ucts of 3,4-dimethoxybenzyl alcohol, 3,4-dimethoxybenzyl 
methyl ether, and pinoresinol dimethyl ether. 3,4-Dimethoxy- 
benzyl alcohol (0.5 g.) w'as dissolved in 50 ml. of aqueous 
acetic acid (1:1 by volume) and 130 ml. of chlorine water 
(3.56 g./l. in 0.LV hydrochloric acid) was added, correspond
ing to a chlorine to alcohol ratio of 2.2. A white, crystalline 
precipitate formed rapidly and was filtered. An additional 
amount of the same material crystallized from the distillate 
obtained by concentrating the filtrate at atmospheric pres
sure. Combined yield after recrystallization from aqueous 
ethanol: 0.18 g. (30%), m.p., 83°. A mixed melting-point 
determination with authentic 4,5-dichloroveratrole23 gave 
no depression.

Anal. Calcd. for C8H80,C12: C, 46.39; H, 3.89; OCIR, 
29.96; Cl, 34.27. Found: C, 46.54; H, 3.99; OCH3, 29.99; 
Cl, 34,28.

Formaldehyde was identified in the distillate as its dime- 
done derivative, m.p. 189°. The quantitative formaldehyde 
determination was carried out in a manner similar to the

(21) C. W. Deuce and K. V. Sarkanen, TAPPI, 43, 87
(1960).

(22) C. E. Bricker and II. R. Johnson, lrid. Eng. Chem., 
Anal. Ed., 17,400(1945).

(23) A. Peratoner and G. Ortoleva, Gazz. chim. Hal., 28,
(1)229(1898).
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case of p-hydroxybenzyl alcohol, with the following excep
tions: The chlorine to substrate ratio was 2.5 and the 
formaldehyde was determined in the aqueous distillate of 
the neutralized chlorination mixture. Yield: 96%.

A higher yield of 4,5-dichloroveratroIe (78%) was ob
tained when the chlorination of 3,4-dimethoxybenzyl alcohol 
was carried out in glacial acetic acid solution. 6-Chloro-3,4- 
dimethoxybenzyl alcohol, chlorinated with 1.3 moles of 
chlorine in acetic acid-water mixture, gave a 33% yield of
4,5-dichloroveratrole. The same compound was isolated in 
7% yield when 3,4-dimethoxybenzyl methyl ether was 
chlorinated with 2.5 moles of chlorine in acetic acid-water 
mixture. When pinoresinol dimethyl ether24 (0.2 g.) was 
chlorinated (CI2/mole of substrate = 4.1) in an acetic acid- 
water mixture, no precipitation of dichloroveratrole took 
place. After dilution with water and neutralization to pH
7.2, the solution was extracted with ether and the extract 
sublimed in vacuum. The sublimate was subsequently re
crystallized from a small amount of ether and from aqueous 
ethanol giving 4.5 mg. of crystals melting at 78-82°, identi
fied as 4,5-dichloroveratrole by mixed melting point deter
mination.

Tetrachloroguaiacol. Isolation from the chlorination prod
ucts of 4-hydroxy-3-methoxybenzyl alcohol (vanillyl alcohol). 
One gram of vanillyl alcohol was dissolved in 25 ml. of glacial 
acetic acid and chlorine gas bubbled through the solution 
for 60 min. while maintaining the temperature slightly above 
the melting point of the medium. The excess chlorine and the 
solvent were removed under reduced pressure. The orange 
residue was recrystallized several times from aqueous 
ethanol to which a small amount of sodium hydrosulfite 
had been added, and finally from solvent naphtha. The re
sulting white compound, melting at 119-121°, did not de
press the melting point of authentic tetrachloroguaiacol, 
prepared according to Fort et aid1 Tetrachloroguaiacol also 
was isolated by chlorinating 6-chlorovanillyl alcohol in 
glacial acetic acid.

6-Chloro-3,4-di>nethoxybenzyl alcohol. Preparation and 
isolation from the methylated chlorination products of 3,4- 
dimethoxybenzyl alcohol. Five grams of 6-ehloro-3,4-dimeth- 
oxybenzaldehyde (m.p. 146°), obtained by dimethyl
sulfate methylation of 6-chlorovanillin,25 was reduced in re
fluxing methanol solution (100 ml.) with 1 g. of sodium boro- 
hydride, until the carbonyl test with 2 4-dinitrophenyl- 
hydrazine was negative. The solution was concentrated in 
vacuum, diluted with water, and adjusted to pH 7. On cool
ing, the alcohol precipitated in the form cf crystals which 
were filtered, washed with water, and dried. The crystals 
(73% yield) melted at 82-83° after rccrystallization from 
chloroform-solvent naphtha mixture.

Anal. Calcd. for CjHnOsCl: C, 53.34; H, 5.43; OCH3, 
30.62; Cl, 17.51. Found: C, 53.26; H, 5.60; OCH3, 30.60; 
Cl, 17.45.

3,4-Dimethoxybenzvl alcohol (20 g.) was dissolved in 2 1. 
of 0.1A hydrochloric acid, cooled to 20°, and allowed to 
react with gaseous chlorine until the increase in weight 
corresponded to 2.4 chlorine to substrate ratio. The precipi
tated dichloroveratrole was removed by fLtration and the 
filtrate made alkaline. After a thorough ether extraction to 
remove any neutral constituents (including 6-chloro-3,4- 
dimethoxybenzyl alcohol), the solution was concentrated 
in vacuum and methylated at 60° with dimethyl sulfate and 
alkali. At the completion of the reaction, tiie alkaline solu
tion was extracted with ether. The extract contained a crys
talline constituent which, after recrystallization from 
aqueous ethanol, melted at 80-81° and did not depress the 
melting point of synthetic 6-chloro-3,4-cimethoxybenzyl 
alcohol.

(24) This compound was obtained as a gift from Professor
H. Erdtman, Royal Institute of Technology, Stockholm, 
Sweden. The donation is hereby gratefully acknowledged.

(25) L. G. Raiford and J. Cl. Lichty, J. Am. Chem. Soc..
52,4576(1930).

Anal. Calcd. for C8H80 2C1(0CH3): OCH3, 30.62. Found: 
OCH.,, 30.62.

Tetrachlorocatechol dimethyl ether. Isolation from the 
methylated chlorination products of 4,5-dichloroveratrole. 4,5- 
Dichloroveratrole (5 g.) was dissolved in 30 ml. of glacial 
acetic acid and water added in an amount slightly less than 
that required to reprecipitate the material. Chlorine, dis
solved in glacial acetic acid, was added in an amount corre
sponding to a chlorine to substrate ratio of 1.5. After 15 
min. reaction time at room temperature, excess chlorine was 
destroyed with sodium thiosulfate solution and most of the 
acetic acid present neutralized with sodium carbonate. The 
solution was extracted several times with ether and the 
combined ether extracts in turn, with 2N sodium hydroxide 
solution. Acidification and ether extraction of the alkaline 
solution gave a practically methoxyl-free product (OCH3, 
0.45%) which showed a dark-green ferric chloride reaction. 
After methylation with excess diazomethane in ether solu
tion, crystals separated from the product which, after re- 
crystallization from aqueous ethanol, melted at 88-89° 
and did not depress the melting point of authentic tetra- 
chloro veratrole.26

Anal. Calcd. for C6H60 2C1: C, 34.80; H, 2.18; OCH„ 
22.48; Cl, 51.42. Found: C, 34.95; H, 2.33; OCH3, 22.32; 
Cl, 51.51.

Determination of ionization difference spectra. The pro
cedure wras essentially the same as those used by earlier 
wrorkers.12,13 A Cary recording spectrophotometer, model 
11, w'as utilized for direct recording of the difference in spec
tra between equimolar solutions of the substrate at pH 1 
and in 2N  sodium hydroxide solution. The selection of the 
low pH value for the blank solution was based on the rela
tively high acidity of chlorinated catechols as wrell as on the 
absence of carboxylic acid groups.

Absence of the déméthylation reaction in acidic hydrolysis 
and on treatment with hypochlorous acid. A solution of 0.08 
g. of 4,5-dichloroveratrole in a mixture of 50 ml. of glacial 
acetic acid and 150 ml. of 0.1 A hydrochloric acid was pre
pared and allowed to stand for a period of 2 days. During 
this time the ionization difference spectra were determined 
on aliquots withdrawn at various time intervals. Failure to 
obtain ionization spectra demonstrated the absence of acidic 
hydrolysis of methoxyl groups under the prevailing reaction 
conditions. A hypochlorous acid solution (2.5 g./l. Cl2) at 
pH 5.4 was prepared by neutralizing chlorine water with 
calcium carbonate and subsequent filtration. A 25-ml. ali
quot of this solution, mixed with 10 ml. of a saturated 
aqueous solution of 4,5-dichloroveratrole, caused no ob
servable hydrolysis of the methoxyl groups.

Relative rates of electrophilic displacement and aromatic 
substitution. A stock solution of 2.007 g. of 3,4-dimethoxy
benzyl alcohol in 250 ml. of distilled water was prepared. 
Twenty-five-milliliter aliquots of this solution were placed 
in each of five 100-ml. volumetric flasks and chlorine, dis
solved in 0.1JV HC1, applied in such amounts as to give the 
desired chlorine to substrate ratios. After 15 min. reaction 
time, the pH was adjusted to 7 ±  0.2 and the flasks diluted 
to volume with distilled water. Eighty milliliters of each 
sample was distilled into an ice-cooled 100-ml. measuring 
cyclinder containing a small amount of water, with the 
delivery tube extending below the surface of the water. 
After dilution to 100 ml., the formaldehyde was determined 
on a 10 ml. aliquot using the chromotropic acid method.22 
The blank consisted of a sample prepared from the 3,4-di
methoxybenzyl alcohol solution in exactly the same manner 
without treating it with chlorine. The chlorine to 3,4- 
dimethoxybenzyl alcohol molar ratios wrere 0.05, 0.10, 
0.20, and 0.30 and the observed ratios of formaldehyde 
formed to total chlorine consumption 0.088, 0.102, 0.090, 
and 0.098, respectively.

Syracuse 10, N. Y.

(26) F. Briiggemann, Zeit. für Prakt. Chem. 53, 250 
(1896).
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Demethylation of 2,3-dimethoxy-6-bromobenzoic acid in hydrogen bromide-acetic acid solution was shown to yield 2,3- 
dihydroxy-5-bromobenzoic acid. Under similar conditions, 3,4-dimethoxy-6-bromonitrobenzene was found to yield sub
stantial amounts of the unrearranged product of demethylation, 3,4-dihydroxy-6-bromonitrobenzene, accompanied by 3,4- 
dihydroxynitrobenzene. The structural and environmental features which appear to influence halogen migration in the 
bromohydroxybenzoic series are summarized.

Although rearrangement reactions involving 
migration of a bromine atom are encountered in
frequently, a number of well documented examples 
are now known.1 2 3 An early instance of this type of 
reaction involved rearrangement of 2,6-dibromo-Ar- 
nitroaniline to 2-nitro-4,6-dibromoaniline in hydro
chloric acid solution.33 Several years later, Sen3b 
described the conversion of 2-bromo-5-hydroxy- 
toiuene to 2,4-dinitro-5-hydroxy-6-bromotoluene 
with nitric acid, while treatment of p-bromoaniline 
with 48% hydrobromic acid at 150° was found to 
afford aniline and 2,4-dibromoaniline.3c Both hy
drochloric and hydrobromic acids were found ca
pable of transforming 5-bromo-6-methoxy-8-amino- 
quinoline to 6-methoxy-7-bromo-8-aminoqui no
line.3d Recently, Tomita and Kugo3h reported the 
results of demethylation studies with 3,4-di- 
methoxy-6-bromobenzoic acid, (la) and its di
ethoxy (lb) derivative. When the reaction was 
carried out with hydrogen bromide in glacial acetic 
acid at 120-125°, the product in each case was

(1) Abstracted in part from the Master of Science thesis 
submitted by D. M. Piatak to the Graduate School, Uni
versity of Maine, August 1959.

(2) This study was supported in part by the Upjohn 
Company, Kalamazoo, Mich., and aided by a grant from 
the American Cancer Society.

(3) For example, consult (a) K. J. P. Orton and C. Pear
son, J. Chem. Soc., 725 (1908); (b) A. B. Sen, Proc. Natl. 
Acad. Set. India, 9, 89 (1939) {Chem. Abstr., 35, 1038
(1941)); (c) R. Baltzly and J. S. Buck, J. Am. Chem. Soc., 
63, 1757 (1941); (d) W. M. Lauer, C. T. Claus, It. W. von 
Korff, and S. A. Sundet, J. Am. Chem. Soc., 74, 2080
(1952); (e) M. Kohn, J. Org. Chem., 18, 530 (1953); (f) 
B. G. Gavrilov and N. A. Mal’tseva, Vchenye Zapiski 
Leningrad Gosudarst Univ. im. A. A. Zhdanova No. 169, 
Ser. Khim. Nauk, No. 13, 203 (1953) {Chem. Abstr., 49, 
14058 (1955)); (g) E. Fujita, T. Kitamura, and R. Hirano, 
Yahugaku Zasshi, 77, 747 (1957) {Chem. Abstr., 51, 17916 
(1957)); (h) M. Tomita and T. Kugo, Yahugaku Zasshi, 
75, 1354 (1955) {Chem. Abstr., 50, 10052 (1956)); (i) M. 
Tomita, Y. Kondo, and S. Tanaka, Yahugaku Zasshi, 76, 
1119 (1956) {Chem. Abstr., 51, 3505 (1957)); (j) M. Tomita, 
Kura, and S. Tanaka, Yahugaku Zasshi, 76, 1122 (1956) 
{Chem. Abstr., 51, 3505 (1957)); (k) M. Tomita and K. 
Fujitani, Yahugaku Zasshi, 76, 1126 (1956) {Chem. Abstr., 
51, 3506 (1957)); (1) M. Martin-Smith and M. Gates, 
J . Am. Chem. Soc., 78, 5351 (1956); and (m) H. L. Goering 
and L. L. Sims, J. Am. Cliem. Soc., 79, 6270 (1957).

shown to be 3,4-dihydroxy-5-bromobenzoic acid
(II). In a subsequent series of experiments, Tomita 
and collaborators3*-1" obtained the same product
(II) employing 2-bromo-3,4-dimethoxybenzoic acid
(III) . Further, 3-methoxy-6-bromobenzoic acid 
was found to yield 3-hydroxy-4-bromobenzoic 
acid. Analogous results were realized employing 
48% hydrobromic acid as solvent. However, the 
use of hydriodic acid, hydrochloric acid, hydrogen 
chloride in glacial acetic acid, or anhydrous alu
minum chloride led to either partial or complete 
demethylation without effecting a rearrangement. 
Substitution of chlorine for the bromine substituent, 
or an aldehyde, acetyl, or methyl group for the 
carboxylic acid moiety of la also prevented halo
gen migration. Rearrangement of the bromine sub
stituent was again not observed when either 2- 
bromo-4-methcxy- or 3-bromo-4-methoxybenzoic 
acid was subjected to demethylation in hydrogen 
bromide-acetic acid solution.

The interesting work of Tomita and co- 
workers3h-k suggested that the following minimum 
requirements must be met before halogen migration 
can be expected to occur in the bromohydroxy
benzoic acid series: (1) a bromine atom must be 
suitably situated ortho to a carboxylic acid group 
and either ortho or para to a potential hydroxy sub
stituent, (2) the bromine atom must occupy a posi
tion in the original molecule that would not be 
favored by simple bromination of the correspond
ing phenol derivative, and (3) a source of bromide 
ion must be available.

As part of a study concerned with the synthesis 
of certain catechol derivatives, it was of interest to 
test the reliability of these criteria as a basis for 
predicting related bromine rearrangements. Hydro
gen bromide-acetic acid demethylation of 2,3- 
dimethoxy-fi-bromobenzoic acid (IV) was first- 
selected as a model experiment, since all require
ments for concurrent bromine migration seemed 
to be satisfied.

A synthesis of the required bromobenzoic acid
(IV) from 2,3-dimethoxybenzaldehyde via the 6- 
nitrobenzoic acid derivative (V) was reported by
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Sugasawa4 in 1933 although the acid (IV) was 
found to be an oil and only its crystalline anilide 
derivative was characterized. In our hands, this 
reaction sequence again gave an oily product which 
resisted crystallization. However, saponification 
followed by méthylation of the product (VI) de
rived from the bromination of methyl-2-acetoxy-3- 
methoxybenzoate (VII)5 led to a crystalline acid 
melting at 87-89°. The anilide derivative (m.p.
140.5-141.5°) was found to be identical with the 
specimen prepared by way of intermediate V, thus 
establishing the fact that bromination of the ester
(VII) affords a 6-bromo derivative.6 The latter 
route was most convenient for preparative pur
poses and subsequent experimental work was car
ried out with crystalline 2,3-dimethoxy-6-bromo- 
benzoic acid (IV) prepared by this procedure.

The reaction between hydrogen bromide and the 
acid (IV) in glacial acetic acid at ca. 140° was found 
to yield a bromophenol melting at 222-223°. 
However, the expected product of déméthylation 
and bromine migration, 2,3-dihydroxy-5-bromo- 
benzoic acid, was reported to melt at 2150.7 The 
product (m.p. 222-223°) was easily distinguish
able from an authentic sample of the 6-bromo (IX, 
m.p. 182-185°) isomer prepared by aluminum 
chloride déméthylation of 2-hydroxy-3-methoxy-6- 
bromobenzoic acid (VI). Since rigorous structural 
evidence had never been provided to support the
5-bromo (Villa)7 formulation, it could not be 
temporarily excluded in favor of the unknown 4- 
bromo isomer. For this reason, a sample assumed 
to be the 5-bromophenol (Villa) was prepared as 
described by von Hemmelmayr.7 The product 
(Villa), m.p. 222-224° was identical with the 
bromophenol (m.p. 222-223°) isolated from the 
déméthylation of 2,3-dimethoxy-6-bromobenzoie 
acid (IV). In order either to eliminate or establish 
the 5-bromo (Villa) representation for the dé
méthylation product, von Hemmelmayr’s isomer7 
(Villa) was remethylated with dimethyl sulfate 
and the product was compared with an authentic 
specimen of 2,3-dimethoxy-5-bromobenzoic acid 
(VHIb) obtained by silver oxide oxidation of the 
corresponding aldehyde X .8 The two substances

(4) S. Sugasawa, J. Chem. Soc., 1021 (1933).
(5) C. Weizmann and L. Haskelberg, J. Org. Chem., 9, 

121 (1944).
(6) The structure of 2,3-dimethoxy-fi-nitrobcnzoic acid

(V) rests with the ready conversion of 2,3-dimethoxy-6- 
nitrobenzaldehyde to an indigotin: W. H. Perkins, Jr., 
R. Robinson, and F. W. Stoyle, J. Chem. Soc., 2355 (1924).

(7) F. von Hemmelmayr, Monlash., 33, 971 (1913), 
prepared the 5-bromo (Villa) isomer by bromination of
2.3- dihydroxybenzoic acid.

(8) The bromodimethoxy acid VHIb has been related to
2.3- dimethoxy-5-nitrobenzoic acid by L. Rubenstein, J. 
Chem. Soc., 618 (1926), and structural evidence for the 
latter substance has been provided beyond doubt since 
decarboxylation yields 3,4-dimcthoxynitrobcnzene: J. C. 
Cain and J. L. Simonson, J. Chem. Soc., 156 (1914).

were found to be identical. Consequently, hydrogen 
bromide-acetic acid demethylation of 2,3-dimeth- 
oxy-6-bromobenzoic acid (IV) yields 2,3-dihydroxy-
5- bromobenzoic acid (Villa), the predicted product 
of concomitant bromine migration.

The apparent dependence of bromine migration 
upon the presence of an ortho carboxylic acid group 
prompted an experiment directed at further de
fining the role of the acid substituent. Treatment 
of 3,4-dimethoxy-6-bromonitrobenzene (XI) with 
hot hydrogen bromide-acetic acid was chosen for 
this purpose. Nitration9 of 4-bromoveratrole10
(XII) provided a practical route to the nitro com
pound XI.

The reaction between 3,4-dimethoxy-6-bromo- 
nitrobenzene (XI) and hydrogen bromide-acetic 
acid at approximately 140° afforded 3,4-dihydroxy-
6- bromonitrobenzene (XIHa) in 30-35% yields 
accompanied by a small quantity of 3,4-dihydroxy- 
nitrobenzene (XI’Va). The bromophenol XIHa 
could be isolated from the initial reaction products; 
however, the dehalogenated phenol XIVa was only 
detected after partial chromatographic separation 
of the acetylated (acetic anhydride-pyridine) reac
tion mixture. A cursory examination of the re
maining complex mixture of acetates did not re
veal the presence of the predictable product of 
bromine migration, 3-bromo-4,5-dihydroxynitro- 
benzene,11 prepared by bromination of 4-nitro- 
catechol (XlVa).12

Bromination of catechol acetonide (XV) with N- 
bromosuccinimide followed by nitration of the 
resulting 4-bromo derivative XVI gave 3,4- 
(dimethylmethylenedioxy) - 6 - bromonitrobenzene
(XVII). Acid hydrolysis of the acetonide (XVII) 
provided an authentic specimen of the bromophenol 
X IHa13 arising from simple demethylation of 3,4- 
dimethoxy-6-bromonitrobenzene (XI). In both cases 
the bromophenol XIHa was characterized as the 
diacetate XHIb.

The present study augments the possibility of 
employing the guides suggested above as a basis for 
determining the predisposition of certain bromo- 
hydroxybenzoic acids toward halogen migration. 
Additional work will be necessary before a reason
able delineation of the mechanism can be pre
sented.

(9) A. Gaspari, Accad. die Lincei Rend., 5, I, 396 (1896) 
(Chem. Zentr., 67, (2) 154 (1896)).

(10) R. A. B. Bannard and G. Latremouille, Can. J. 
Chem., 31, 469 (1953).

(11) H. Cousin, Ann. Chim. Phys., (7) 13, 480 (1898).
(12) D. H. Rosenblatt, J. Epstein, and M. Levitch, J. 

Am. Chem. Soc., 75, 3277 (1953). After the present investiga
tion was concluded K. Quelet and A. A. Ezz, Bull. soc. 
chim. France, 349 (1959), reported the hydrobromic acid 
demethylation of 3,4-dimethoxy-6-chloronitrobenzeiie. Only 
the product of demethylation, 3,4-dihydroxy-6-chloronitro- 
benzene, was isolated.

(13) R. G. Slooff, Rec. trav. Chim., 54, 995 (1935).
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2,3-Dimethoxy-6-bromobenzoic acid (IV). Procedure A. 
Hydrogenation (3 atm.) of 2,3-dimethoxy-6-nitrobenzoic 
acid6 (V, 1.5 g.) was carried out in ethanol (20 ml.) solution 
containing 3 drops of 48% hvdrobromic acid with 75 mg. of 
10% palladium-charcoal catalyst over a 1.75-hr. period. 
The mixture was filtered through Celite and treated with 
ethereal hydrogen bromide before removing the solvent 
in vacuo. A solution of the residue in 30 ml. of water was 
cooled to 5° and then allowed to react with sodium nitrite 
(0.55 g.) in 2 ml. of water. After allowing the diazotization 
mixture to remain at 5° an additional 45 min., a mixture 
containing copper (I) bromide, prepared from copper (II) 
sulfate (1.0 g.), 0.65 g. of copper powder, sodium bromide 
(2.6 g.), and 1 g. of sulfuric acid, was added. The resulting 
reaction mixture was stored at room temperature overnight 
before extraction with ether. The residue obtained by remov
ing the solvent in vacuo was dissolved in chloroform and 
chromatographed on silica gel.11 Seven fractions were eluted 
with the same solvent (160 ml. total). In each case, evapora
tion of solvent gave a dark colored oil which resisted crystal

(14) Melting points are uncorrected and were observed 
employing a Fisher-Johns apparatus unless otherwise noted. 
The elemental analyses were provided by Dr. A. Bern
hardt, Max-Planck-Institut, Mulhcim, Germany. Infrared 
spectra were recorded by Messrs. E. Thomas and It. Young, 
Department of Chemistry, University of Maine.

(15) Cf. C. S. Marvel and It. D. Rands, Jr., J . Am. Chem.
Soc., 72, 2642 (1950).

lization; total yield 0.766 g. (44.7%). The chromatographic 
procedure was repeated and eight fractions were eluted 
with chloroform (85 ml. total). Evaporation of solvent 
from each fraction again gave oily residues; total weight 
0.669 (38.8%). The latter three fractions (6-8, 0.204 g.) 
were combined and converted to the corresponding anilide 
derivative (thionyl chloride followed by aniline) which 
melted at 139—141015 (lit.,4 m.p. 135-137°) after recrystal
lization from ethyl acetate-petroleum ether (b.p. 60-90°).

Procedure B. To 0.5 g. (0.002 mole) of 2-hydroxy-3- 
methoxy-6-bromobenzoic acid5 and sodium hydroxide (0.2 
g., 0.005 mole) dissolved in 50 ml. of water was added 0.5 
ml (0.0054 mole) of dimethyl sulfate. At the conclusion of 
a 2-hr. period at reflux, the pH was adjusted to 11 with 
sodium hydroxide. Heating at reflux was continued an addi
tional 2 hr. After cooling, the solution was acidified with 
hydrochloric acid and extracted with ether. Removal of 
solvent from the dry' (magnesium sulfate) ethereal extract 
gave 0.5 g. (97.6%) of oily product which was partially 
purified by chromatography on silica gel.16 Elution with 
chloroform (80 ml.) yielded 0.45 g. (85.1%) of colorless oil 
which crystallized after drying (in vacuo). Repeated re
crystallization from benzene-petroleum ether (b.p. 30-60°) 
gave pure material melting at 87-89°,16 1708 cm.-1

Anal. Calcd. for CnHaBrCh: C, 41.40; H, 3.47; Br, 30.61. 
Found: C, 41.11; II, 3.42; Br, 31.12.

The anilide derivative, prepared as described in procedure 
A, was found to melt at 140.5-141.5°16 after recrystallization 
from ethyl acetate-petroleum ether (b.p. 60-90°). Mixture 
melting point and infrared comparison (chloroform solution) 
of the anilide derivative with an authentic sample of
2.3- dimethoxy-€-bromobenzanilide (Procedure A) sub
stantiated the assignment of structure IV to the crystalline 
acid (m.p. 87-89°).

Hydrogen-bromide-acetic acid déméthylation of 2,3-dirneth- 
oxy-6-bromobenzoic acid (IV). A Pyrex glass tube containing
2.3- dimethoxy-6-bromobenzoic acid (0.93 g.) and 5 ml. of 
41% hydrogen bromide-glacial acetic acid (sealed after 
adding the reactants at ice-salt temperature), was heated 
to 130° during 1.6 hr. and at 130-142° an additional 65 
min. The tube was then cooled (45 min.), opened and the 
red-colored solution concentrated to dryness (in vacuo). 
The residue, m p. 180-222° dec., recrystallized from meth
anol-chloroform as tan colored crystals; weight, 0.08 g. 
(9.6%), m.p. 190-210° (fraction A). Removal of solvent 
from the mother liquors and extraction of the residue with 
warm chloroform left a second fraction (B), 0.15 g. (18.1%), 
m.p. 219-222°. Evaporation of the chloroform extracts 
gave a third fraction (C); yield, 0.57 g. (68.7%), m.p. 194- 
203°. Recrystallization of fraction B from methanol-water 
afforded colorless crystals melting at 222-223° dec.,16

1665 cm.-1
Anal. Calcd. for C7H5BrO,: C, 36.07; H, 2.16; Br, 34.30. 

Found: C, 36.46; II, 2.23; Br, 33.86.
An infrared spectral study of the three crude fractions 

(A-C) indicated that only a small quantity of impurity 
existed. This observation was strengthened by further 
purification of fraction C, since recrystallization from water 
(Norit A) gave additional pure quantities of the product 
isolated from fraction B.

The product melting at 222-223° doc. was found to he 
identical with an authentic sample of 2,3-dihydroxy-o-bromo- 
benzoic acid (Villa)7 by infrared comparison (tetrahvdro- 
furan solution) and mixture melting-point determination.

Aluminum chloride déméthylation of ê-hydroxy-3-methoxy-
6-bromobenzoic acid (VI). A mixture of 2-hydro.xy-3-metho.xy-
6-bromobenzoie acid (1.0 g.), anhydrous aluminum chloride 
(12.3 g.) and 80 ml. of dry benzene was heated at reflux 
during a 6-hr. period. An additional 7.5 g. of anhydrous 
aluminum chloride was added after 4 hr. at reflux and the 
reaction mixture cooled (ice hath) and cautiously treated 
with hydrochloric acid (50 ml.) and water (35 ml.). Extrac-

(16) Capillary tube melting point.
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tion of the aqueous mixture with ether was preceded by 
separating and discarding the benzene solution. Removal of 
solvent from the dry ether extract afforded 0.85 g. (90.4%) 
of colorless crystals melting at 179-183° dec.16 Repeated 
recrystallization from water gave an analytical sample,17 
m.p. 182-185° dec.,16 1642 cm. “1

Anal. Calcd. for CjHsBrO.,: C, 36.08; H, 2.16; Br, 34.30. 
Found: C, 36.44; H, 2.27; Br, 34.19.

2.3- Dihydroxybenzoic acid. Anhydrous aluminum chloride 
(80 g.) was added to a solution of 2,3-d:methoxybenzoic 
acid18 (18.7 g.) in 900 ml. of chlorobenzene and the mixture 
was heated at reflux. After 1 hr. an additional 30 g. of alumi
num chloride was added and heating was continued for 2 
hr. The residue, obtained by removing the solvent in vacuo, 
was cooled and cautiously treated with 800 ml. of hydro
chloric acid. The brown colored product (11.2 g., m.p. 204- 
210°) was collected and reprecipitated from dilute sodium 
bicarbonate solution (Norit A). Recrystallization from water 
gave 8.3 g. (52.5%) of colorless crystals melting at 207- 
208°.19

2.3- Dihydroxy-o-bromobenzoic acid (Villa). A solution of
2,3-dihydroxybenzoic acid (3.0 g., 0.019 mole) in 100 ml. 
of glacial acetic acid w-as treated with 3.1 g. (0.019 mole) 
of bromine. Before removing the solvent in vacuo, the mix
ture w-as allowed to remain at room temperature for 24 hr. 
The colorless crystalline residue weighed 4.6 g. and melted 
at 215-222° after recrystallization from methanol-water; 
yield 3.2 g. (70.4%). A second recrystallization from the same 
solvent gave 2.5 g. melting at 222-224°.16 Von Hemmel- 
mayr7 reported a melting point of 215° for the anhydrous 
compound and 187° for the hydrate.

Methylation of 2,3-dihydroxy-5-bromobenzoic acid (Villa). 
To 1.4 g. (0.006 mole) of 2,3-dihydroxy-5-bromobenzoic acid, 
obtained by bromination of 2,3-dihydroxybenzoic acid, and 
sodium hydroxide (1.4 g., 0.035 mole) in 30 ml. of water was 
added 2.2 g. (0.017 mole) of dimethyl sulfate. After 2 hr. at 
reflux, the mixture was adjusted to pH 11 w-ith sodium 
hydroxide. Two additional hours at reflux followed by cooling 
and acidification with hydrochloric acid led to 1.1 g. (70.1%) 
of solid melting at 105-125°. Successive recrystallizations 
from water (Norit, A) and benzene-petroleum ether (b.p. 
60-90°) yielded colorless crystals, m.p. 118.5-120°.16 The 
product was found to be identical (mixture melting point 
and infrared comparison) wTith an authentic sample of 2,3- 
dimethoxy-5-bromobenzoie acid (VUIb) prepared as de
scribed below.

3.3- Dimethoxy-B-bromobenzoic acid (VUIb). Sodium hy
droxide (2.3 g., 0.057 mole) in 25 ml. of water was slowly 
added to a suspension of 2,3-dimethoxy-5-bromobenzalde- 
hyde20 (2.9 g., 0.012 mole) in a solution of silver nitrate 
(4.8 g., 0.028 mole) and water (50 ml.) heated at reflux. 
The mixture w-as filtered after 1 hr. at reflux and the filtrate 
acidified with concentrated hydrochloric acid. The colorless 
needles, 2.7 g. (87.4%) melting at 121-123°, were collected 
and recrystallized from -water; yield 2.6 g. (84.1%), m.p. 
122-124° (lit.,21 m.p. 120°).

5.4- Dimethoxy-6-bromonitrobenzene (XI). A 10-g. sample 
of 4-bromoveratrole (X II),10 b.p. 71-74° (0.07-0.10 mm.), 
was slowly added to a stirred solution of cone, nitric acid 
(70 ml.) and acetic acid (210 ml.) maintained at ca. 10°. 
After remaining at 15° for 1 hr., the mixture was diluted 
with water and the oily yellow product isolated by extrac
tion with ether. Crystallization of the ethereal residue (11.1

(17) The microanalysis of this sample was performed by 
Mr. Joseph F. Alicino, Metuchen, N. J.

(18) G. A. Edwards, W. H. Perkins, Jr., and F. W. Stoyle, 
J. Chetn. Soc., 195 (1925).

(19) W. H. Perkins, Jr., and V. M. Trikojus, J. Chem.
Soc., 2925 (1926).

(20) G. Stock and H. Conroy, J. Am. Chem. Soc., 73, 
4743 (1951).

(21) W. Davies, J. Chem. Soc., 1575 (1923).

g., 92.1%) from ethanol gave 9.9 g. (82% ), m.p. 122-124° 
(lit.,9 m.p. 124.5-125°).

Hydroyen bromide-acetic demethylalion of 8,4-dimelhoxy-6- 
bromonitrobenzene (XI). In a typical experiment, 3,4- 
dimethoxy-6-bromonitrobenzene (1.8 g.) -was added to 7 
ml. of 35% hydrogen bromide-glacial acetic acid solution 
contained in a cooled (ice-salt) Pyrex glass tube. The tube 
was sealed and heated at 141 ° during 1 hr. and then main
tained at 140-142° for 50 min. before allowing the solution 
to cool (66 min.). Acetic anhydride-pyridine was added to 
the residue obtained by removing the solvent in vacuo, and 
the resulting solution was stored at room temperature over
night. Concentration to dryness in vacuo gave a pale yellow- 
solid which led to colorless crystals, m.p. 116-120°, after 
recrystallization from benzene-petroleum ether (b.p. 60- 
90°); yield, 1.0 g. (45.8%). One additional recrystallization 
from the same solvent afforded 0.8 g. (36.7%,) melting at 
119-121°. A mixture melting-point determination and infra
red spectral comparison (chloroform solution) with an 
authentic specimen of 3,4-diacetoxy-6-bromonitrobenzene 
(XHIb, prepared as described below-) was in complete accord 
with the assignment of formulation XHIb to the product 
melting at 119-121°.

In several related experiments it was found that 3,4- 
dih3-droxy-6-bromonitrobenzene (XIHa) could be isolated 
directly in yields of 30-35% by crystallizing the crude reac
tion product from toluene (Norit A).

Evaporation of solvent from the mother liquors left an 
orange colored glass (1.2 g.) which resisted crystallization. 
Chromatography in 1:2 petroleum ether (b.p. 60-90°) 
benzene on 36 g. of Woelm neutral alumina, deactivated 
with 2.2 ml. of 10% acetic acid,22 and elution with 75 ml. of 
the same solvent gave colorless crystals (0.21 g.) melting at
128-155°. Removal of solvent from a second fraction (50 
ml.) yielded 0.56 g. of colorless crystals, m.p. 90-113°, 
while elution with two additional 50-ml. portions of the same 
solvent afforded 0.14 g., m.p. 68-75°, and 0.044 g. melting 
at 72-75°. Tw-o recrystallizations of the latter residue from 
benzene-petroleum ether produced a pure sample of 8,4- 
diacetoxynitrobenzene (XlVb), m.p. 80-81°. Identity w-as 
established by mixture melting-point determination and 
infrared comparison (chloroform solution) w-ith an authentic 
sample (m.p. 80-81°, lit., 23'24 m.p. 78° and 84°). Initial 
attempts directed at further purification of the remaining 
mixture of acetates did not detect the presence of 3,4- 
diacetoxy-5-bromonitrobenzene, the predictable product of 
rearrangement, which had been prepared by acetylation 
(acetic anhydride-pyridine) of 3,4-dihydroxy-5-bromonitro- 
benzene.11 After reon-stallization from benzene-petroleum 
ether, an analytical sample of 3,4-diaeetoxy-5-bromonitro- 
benzene melted at 110-111°, 1786 cm. -1

Anal. Calcd. for CI0H8BrNO6: C, 37.76; H, 2.54; Br, 25.12. 
Found: C, 37.80; H, 2.55; Br, 25.44.

3,4-{Dimethylmethylenedioxy) bromobenzene (XVI). A mix
ture of dimethylmethylenedioxybenzene13 (XV, 3.0 g., 0.02 
mole), A7-bromosuccinimide (3.6 g., 0.02 mole) and 6 ml. of 
chloroform w-as heated at reflux during 6 hr. The mixture 
w-as diluted with ether and w-ashed successively wth 2N 
sodium hydroxide and water. Removal of dry (sodium sul
fate) solvent left an oily residue (3.9 g.). Distillation gave
3.4 g. (74.4%,) of coloriess oil, b.p. 97-102° (8 nun.). The 
main fraction (1.7 g.) boiled at 101-102° (lit.,13 b.p. 122° 
at 20 mm.).

(22) A subsequent experiment utilizing Merck acid- 
washed alumina gave comparable results. In both experi
ments, rapid chromatographic separation was essential, 
since extensive cleavage of the adsorbed acetates was found 
to occur when contact time was extended over a 2-hr. 
period.

(23) H. van Erp, Ber., 64B, 2813 (1931).
(24) H. Burton and P. F. G. Praill, J. Chem. Soc., 522

(1951).
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3,4-Diacetoxy-6-bromonitrobenzene (XHIb). A solution 
composed of 3,4-(dimethylmethylonodioxy)-6-bromonitro- 
benzene (XVII, 1.05 g.),13 coned, hydrochloric acid (4 ml.) 
and dioxane was heated at steam bath temperature for 15 
min. The solvent was removed (in vacuo) and replaced with 
acetic anhydride-pyridine. Heating (steam bath) was con
tinued for 30 min. and the solid which separated upon cool

ing the acetylation mixture collected and discarded. Evapo
ration (in vacuo) of the filtrate to dryness and recrystalliza
tion of the residue, 0.91 g. (74.6%), from benzene (Norit 
A)-petroleum ether (b.p. 00-90°) gave a specimen of the 
acetate XHIb, m.p. 120-122° (lit.,13 m.p. 122°).

O r o n o , Mb.

[C o n t r i b u t i o n  f r o m  t h e  S t a m f o r d  L a b o r a t o r ie s , C e n t r a l  R e s e a r c h  D iv i s i o n , A m e r ic a n  C y a n a m id  C o m p a n y ]

C y a n o e t h y l a t i o n .  I .  T h e  S e l e c t i v e  C y a n o e t h y l a t i o n  o f  2 - A m i n o e t h a n e t h i o l

H y d r o c h l o r i d e

RICHARD J. GAUL,1 WINFRIED J. FREMUTH, a n d  MICHAEL N. O’CONNOR

Received November 19, 1959

Over the pH range of 3.2 to 6.9 aqueous solutions of 2-aminoethanethiol hydrochloride react with acrylonitrile exclusively 
on the sulfhydryl group to give good yields of 3-(2-aminoethylthio)propionitrile hj’drochloride. The selective sulfhydryl 
C3ranoethylation is most rapid in the pH range of 6 to 6.9. In basic solutions a rapid and nonselective reaction is observed.

An obscure literature observation interpreted the 
fact that 2-aminoethanethiol (m.p. 9902) melted 
nearly 30° higher than its hydrochloride (m.p. 
70°3) as indicating that the free base existed as the 
Zwitterion lb. This statement prompted us to 
utilize the cyanoethylation of 2-aminoethanethiol 
as a means of investigating this problem.

If the above rationalization is correct, then 
aqueous solutions of 2-aminoethanethiol, and simi
larly constituted mercaptoamines, should behave 
as shown. As the pH of the solution is increased the 
predominant species should pass from the ammo
nium salt (la) through the Zwitterion (lb) to the 
free amine (Ic).

h s c h 2c h 2n h 3+ ~s c h 2c h 2n h ,+
la  lb

-SC1LCILNIL
Ic

From the accumulated data on the behavior of 
mercaptans and amines toward acrylonitrile, we 
would predict the following:

1. In strongly acid solution la would pre
dominate and cyanoethylation either would not 
occur or would take place slowly and exclusively 
on sulfur.

2. As the pH is increased progressively more of 
lb would be formed. The rate of the reaction should 
increase and reach a maximum at the pH cor
responding to the isoelectric point. Addition should 
occur exclusively to the mercaptide anion.

3. In basic solution, where Ic would predominate, 
the reaction would, likewise, be rapid but com
pieteli1 nonselective.

(1) Address correspondence to Department of Chemistry, 
John Carroll University, Cleveland 18, Ohio.

(2) S. Gabriel and J. Coleman, Ber., 45, 1643 (1912).
(3) E. J. Mills, Jr., and M. T. Bogert, J. Am. Chem. Soc.,

62, 1173(1940).

To test these predictions, aqueous solutions of
2-aminoethanethiol covering the pH range 1.5-
8.8 were allowed to react with excess acrylonitrile 
for at least one hour. The results are summarized 
in Table I.

At pH 1.5 no reaction was observed. At pH 3.6 
a moderate reaction produced exclusively 3-(2- 
aminoethylthio)propionitrile hydrochloride as in
ferred from analytical data and failure of the prod
uct to give a color reaction with sodium nitroprus- 
side.4 The rate of the reaction increased, with re
tention of selectivity, up to pH 6.8 and, from our 
qualitative data, reached a maximum in the pH 
region 6- 6.8.

In alkaline solution a fast, nonselective reaction 
produced an uncrystallizable sirup. To eliminate 
disulfide formation via air oxidation of 2-amino- 
ethanethiol in alkaline solution, another reaction 
was run first at pH 6.4 then at pH 8 .8. The same 
sirupy product was obtained.

The above evidence supports the postulate that 
aminoethanethiol exists as the internal salt both 
in the solid state and in solution and suggests that 
the cyanoethylation of similarly constituted ali
phatic mercaptoamines5 in slightly acid solutions 
should give good yields of the -S-monocyanoeth- 
ylated products.

EX PER IM EN TA L

3-(2-Aminoethylthio)propionilrile hydrochloride. Acryloni
trile (63.6 g., 1.2 moles) was added at once to a stirred solu
tion of 34 g. (0.3 mole) of 2-aminoethanethiol hydrochlo-

(4) M. D. Cheronis and J. B. Entriken, Semimicro Quali
tative Organic Analysis, T. Y. Crowell Co., N. Y., 1947, p. 
141.

(5) Mercapto-f-carbinamines might possibly be an ex
ception since the cyanoethylation of f-carbinamines is acid 
catalyzed, cf., L. S. Luskin, M. J. Culver, G. E. Gantert,
W. E. Craig, and R. S. Cook, J. Am. Chem. Soc. 78, 4042
(1956); E. Profit, Ber., 90, 1734 (1957).
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TABLE 1
Cyanoethylation P roducts of 2-Aminoethanethioj,

Exotherm

minpH Product Yield, % M.P.0

1.5 None H Cl • H2N CH2CH2SH* — 69.5-70.3
3.6 36/30 HC1H2NCH2CH2SCH2CH2CN 69 81.3-83.1
6.0
6.8
8.8

52/6
52/< i
52/Cl

HC1-H NCH2CH2SCH2CH2CN
h c i h 2n c h 2o h 2s c h 2c h 2c n  

ín c c h 2c h 2s c h 2c h 2n h c h 2c h 2c n  HCl 
1N CCH,CH,SCH2CH2N(CH2CH2CN )2-HCl

S I.4 
77.8
82.4C

81.5- 83.5
77.5- 78.8
Sirup

“ AH melting points ¡ire corrected. b Recrystallized from ethanol-ether. c Yield calculated as tricyanoethylation product.

ride6 in 100 ml. of deionized water which had been adjusted 
to pH G.8 with sodium hydroxide. A strongly exothermic 
reaction brought the temperature to 52° within 45 sec. After 
60 min. the mixture was acidified with hydrochloric acid 
and vacuum concentrated (90°, 20 mm.) to a sirup. This 
was treated successively with several portions o' ethanol- 
benzene, with removal of precipitated sodium chloride and 
further vacuum concentration, to give 50.6 g. (100%) of 
pale yellow sirup which crystallized on cooling. Recrystal
lization from ethanol-benzene afforded S8.9 g. (77.8%) of 
colorless crystals, m.p. 77.5-78.8°.

An analytical sample, m.p. 83.1-83.7°, was obtained after 
two recrystallizations from ethanol-benzene.

Anal. Calcd. for C6HuN2SC1: C, 36.03; H, 6.65; N, 
16.81. Found: C, 35.96; H, 6.62; N, 16.55.

S-(2-Aminoethylthio)propionic. acid hydrochloride. A solu
tion of 33.3 g. (0.2 mole) of 3-(2-aminoethylthio)propioni- 
trile hydrochloride in 50 ml. of coned, hydrochloric acid was 
heated under reflux for 3 hr. The resulting solution was 
vacuum concentrated to a sirup which was dissolved in 100 
ml. of boiling absolute ethanol. After removal of the pre

(6) Obtained from Evans Chcmetics, Inc., Waterloo,
N. Y.

cipitated ammonium chloride (9.4 g., 87.8%), the filtrate 
was again vacuum concentrated. Several successive treats 
ments with ethanol-benzene and, finally, benzene alone 
gave 36 g. (97.1%) of crude acid, m.p. 116-120°. Recrystal
lization from ethanol-hexane afforded 27.4 g. (73.8%) of 
colorless crystals, m.p. 120.5-122.2°.

Analytical material, m.p. 124.7-125.3°, was obtained 
after two more recrystallizations from ethanol-hexane.

Anal. Calcd. for C6H,2C1N02S: C, 32.34; H, 6.52; Cl,
19.10. N. 7.55; S, 17.27; Found: C, 32.55; H, 6.72; Cl, 
18.83. N, 7.83; S, 17.33.

Hydrolysis of the product from reaction at pH 8.8. A solu
tion of 42.5 g. of the uncrystallizable sirup in 100 ml. of 
coned, hydrochloric acid was heated under reflux for 4 hr. 
Upon chilling, 17.9 g. (74.6% of theory for tricyanoethylated 
product) of ammonium chloride was removed. Vacuum 
concentration of the filtrate gave 4(5.9 g. (94.7% of theory 
for tricarboxylic acid) of uncrystallizable yellow sirup.
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A number of homologs of a,a-dimethyl-£f-phenethylamine bearing substituents on the aromatic nucleus have been syn
thesized, starting from the corresponding benzyl chlorides, for investigation of their sympatho-mimetic activity. «,«-h)i- 
methyl-/3-(2-chlorophenyl)propionamide has been found to undergo Hofmann degradation to the corresponding symmetrical 
urea.

d-Arylethylamines containing a quaternary car
bon atom alpha to the amine radical are interesting 
sympatho-mimetic substances with a wide range of 
secondary activities. The naphthyl derivatives, for 
instance, also possess local anesthetic properties 
greater than that of cocaine,* N. 1 and iV-methyl-a:,a- 
dimethyl-/9-phenethylamine is a valuable nasal 
shrinker causing no cerebral stimulation.2

It was deemed of interest to prepare a number of

(1) P. Cagniant, C. Mentzer, and N. P. Buu-Hol, Hull. 
Soc. Chini. France, 10 [5], 145 ( 1943).

(2) Cf. A. Burger, Medicinal Chemistry, Infcrscience
Publishers Inc., New York, 1951, p. 311.

new /?-arylcthylamines for biological investigation, 
especially those bearing alkyl or halogen sub
stituents on the aromatic nucleus. Eecently, a,a-di- 
methyl-/T(3,4-dimethylphenethyl)amine was pre
pared in the course of a study of the Bischler- 
Napieralski reaction;3 we now record the synthesis 
of two of its position isomers, starting from the 
chloromethylation-products of m- and p-xylene. 
These underwent Haller condensation4 with iso- 
butyrophenone in the presence of sodium amide to

(3) N. P. Buu-Hoi, C. T. Long, and N. D. Xuong, J. 
Org. Chem.., 23, 12 (1958).

(4) A. Haller, Bull. Soc. Chiin. France, 31, [4], 1073 (1902).
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the corresponding a,a-dimethy]-0-m- and a,a-di- 
methyl-d-p-\ylylpropionyl benzene of general form
ula J ; sodium amide cleavage of these tertiary 
ketones afforded a,a-dimethyl-^-m- and a,a-di- 
methyl-/3-p-xylylpropionamide (general formula II), 
which in turn underwent Hofmann degradation5 to 
yield a,a-dimethyl-/3-TO- and a,a-dimethyl-/S-p- 
xylylethyl isocyanate (general formula III).
ArCH2C(CH3)2COC6H5 — > ArCH2C(CH3)2CONH2

(I) (II) I
H A V":‘ 1

\V /  \  -<’H2— C —Nit. ■<— ArCH2C(CHa)2NCO 
i'll <n l >< H •

IV. R = H, R ' = CH,
V. R = CH3, R ' = H

These esters were readily hydrolyzed by hydro
chloric acid to a,a-dimethyl-/3-(2,4-dimethylphen- 
ethyl)amine (IV) and a,a-dimethyl-,3-(2,5-dimeth- 
ylphenethyl) amine (V).

Two higher homologs of these bases, namely a,a- 
dimethyl-/3-p-propylphenethylamine (VI) and a,a- 
dimethyl-/3-(2,4,6-trimethylphenethyl)amine (VII)

CH3- C I t , - ( ' H , -  <7 

VI

CH-
- l l l l i - F - N H ;

CH.

CH,

111 CH,

^  ^ C IR -C -N H ,I
CH.

CH;
VII

were prepared similarly, starting from the chloro- 
methylation-products of propylbenzene and mesity- 
lene. However, a similar synthesis with o-chloro- 
benzyl chloride as starting material was unsuc
cessful, as the Hofmann degradation of the corre
sponding propionamide led, not to the expected 
amine, but to the symmetrical urea (VIII). The 
formation of this compound is clearly due to a quick 
reaction between the isocyanate liberated and the 
amine resulting from its hydrolysis; an earlier 
example of such a reaction was recorded by 
Mentzer.6

[o-CI-OJT; CH2C( CH:, )2N I r ]2CO 
VIII

The amines described herein are undergoing bio
logical investigation, and results will be reported 
elsewhere.

EXPERIMENTAL

The experimental work was done with Miss 0. Roussel. 
Preparation of intermediates, m- and p-Xylene were chloro- 

methylated according to the method of von Braun and 
Nelles,7 as w'as propylbenzene (prepared by Ivishner-Wolff

(5) Cf. M. Montagne and M. Casteran, Compi. rend., 
191,139(1930).

(6) C. Mentzer, Compt. rend., 213, 581 (1941).
(7) J. von Braun, Ber., 67, 1094 (1934).

reduction of propiophenone), which gave a 40% y ield of 
p-propylbenzyl chloride, b.p. 205-207°, n\* 1.5534. Bert8 
reported the preparation of this compound without giving 
any data. The chloromethylation of mesitylene was per
formed according to Vavon and Bolle.9

Condensation of benzyl chlorides with isobutyrophenone. A 
solution of isobutyrophenone (0.1 mole) in 225 ml. of anhy
drous toluene was refluxed with sodium amide (0.15 mole) for 
10 hr.; after cooling, the substituted benzyl chloride (0.1 
mole) was added, and refluxing was continued for 18 more 
hr. After cooling, the reaction mixture was treated with 
water and acidified with acetic acid, the toluene layer w'as 
decanted, w'ashed with water, and dried over sodium sulfate, 
the solvent was removed, and the residue was vacuum- 
fractionated. Thus were obtained, in the form of pale yellow 
oils:

a,a-dimethyl-(3-m-xylylpropionylbenzene (70% yield), b.p. 
215-217725 mm., n”  1.5629.

Anal. Calcd. for Ci9H220: C, 85.7; H, 8.3. Found: C, 
85.7; H, 8.2.

a,a-dimethyl-fi-p-xylylpropionylbenzene (00% yield), b.p. 
197-200713 mm., nlu3'5 1.5699.

Anal. Calcd. for Ci9H220: C, 85.7; H, 8.3. Found: C, 
85.9; H, 8.2.

a, a-dimethyl-fS-{ p-propylphenyl)propionylbenzene (40 %
yield), b.p. 210-212718 mm., ra2D2 1.5628.

Anal. Calcd. for CmIImO: C, 85.7; H, 8.6. Found: C, 
85.4; H, 8.4.

a,a-dimethyl-fi-{2Afi-lrimethylphenyl)propionylbenzene 
(52% yield), b.p. 226-228717 mm., ti2d2 1.5775.

Anal. Calcd. for C2oH240: C, 85.7; H, 8.6. Found: C, 85.3; 
11,8.4.

a,a-dimethyl-(3-o-chlorophenylpropionylbenzene (60% yield), 
b.p. 217717 mm., n2D3 1.5902.

Anal. Calcd. for C„H170C1: C, 74.9; H, 6.3. Found: 
C, 74.8; H, 6.2.

Haller cleavages of the propiophenones. A solution of ketone 
(0.1 mole) in 135 ml. of anhydrous toluene wras refluxed with 
sodium amide (0.15 mole) for 24 hr., and the cooled reaction 
mixture was treated with water. The toluene solution was 
decanted, wrashed with water, and dried over sodium sulfate, 
the solvent was distilled off, and the residue was vacuum- 
fractionated. The following substances were obtained:

a,a-dimethyl-l3-m-xylylpropionamide (60% yield), b.p. 
205721 mm., needles (from petroleum ether), m.p. 56°.

Anal. Calcd. for Ci3Hi9NO: C, 76.1; H, 9.3; N, 6.8. Found: 
C, 76.2; H, 9.0; N, 7.0.

a,a-dimethyl-l3-p-xylylpropionamide (85% yield), b.p. 
196-198°/15 mm., leaflets (from petroleum ether), m.p. 60°.

Anal. Calcd. for Ci3Hi9NO: C, 76.1; H, 9.3; N, 6.8. 
Found: C, 75.9; H, 9.1; N, 6.9.

a,a-dimethyl-fl-p-propylphenylpropionamide (45% yield), 
b.p. 206-208°/18 mm., 1.5644, leaflets (petroleum 
ether), m.p. 43°.

Anal. Calcd. for C!4H2iON: C, 76.7; IT, 9.7; N, 6.4. Found: 
C, 76.5; H, 9.4; N, 6.3.

a,oL-dimethyl-fS-l2Afi-lrimethylphenyl)propionamide (60% 
yield), b.p. 207-208°/12 mm., n^  1.5569.

Anal. Calcd. for Ci4H2iON: C, 76.7; H, 9.7; N, 6.4. Found: 
C, 76.8; H, 9.6; X, 6.7.

a,a-dimethyl-fi-o-chlorophenylpropi(mamide (40% yield), 
b.p. 193-195°/14 mm., colorless prisms (cyclohexane), m.p. 
76°.

Anal. Calcd. for ChHhONCI: C, 62.4; H, 6.7. Found: 
C, 62.3; H, 6.6.

Hofmann degradation of the propionamides. An ice cold 
solution of potassium hypobromite (prepared from 25 g. of 
potassium hydroxide and 11 g. of bromine in 100 ml. of 
water) was shaken with the propionamide (0.05 mole) until 
two phases had formed (15 min.); the reaction product was

(8) L. Bert, Compt. rend., 186, 373 (1928).
(9) G. Vavon and C. Bolle, Compt. rend., 204, 1826 

(1937).
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then taken up in ether, the ethereal solution washed with 
a few ml. of water and dried over sodium sulfate, the ether 
distilled, and the residue vacuum-fractionated. The follow
ing isocyanates were obtained, as colorless, pleasant-smelling 
oils:

a,a-dim.ethyl-f3-m-xylylethyl isocyanate (46% yield), b.p.
151-152 720 mm., n2D2 1.5158.

Anal. Calcd. for C^HnNO: N, 6.9. Found: N, 6.5. 
a,a-dimethyl-0-p-iylylethyl isocyanate (51% yield), b.p. 

149-151720 mm., n2D2 1.5172.
Anal. Calcd. for C13H17NO: N, 6.9. Found: N, 6.6. 
a,a-dimethyl-fl-(p-propylphenyl)ethyl isocyanate (47% 

yield), b.p. 145-147713 mm., ra2D2 i .5108.
Anal. Calcd. for CuH19NO: N, 6.5. Found: N, 6.2. 
a,a-dimethyl-0-{2,4,6-trimethylphenyl)etk.yl isocyanate (49%,

yield), b.p. 146-149713 mm.
Anal. Calcd. for C14Hi9NO: N, 6.5. Found: N, 6.2. 
Hydrolysis of the isocyanates. The isocyanates (0.1 mole) 

were hj'drolyzed by stirring on a water bath with a large 
excess of coned, hydrochloric acid (400 ml.), the reaction 
being manifest by a more or less rapid evolution of carbon 
dioxide. When this had terminated, the mixture was boiled 
until a totally limpid liquid was obtained; on cooling, water 
(250 ml.) was added, the liquid was made basic with 30% 
aqueous sodium hydroxide, and the reaction product was 
taken up immediately in ether. The ethereal solution was 
then washed with a minimum of water and dried over sodium 
sulfate, the solvent was removed, and the residue was 
vacuum-fractionated. The yields ranged from 30 to 88%. 
The following amines were obtained, as colorless oils, to
gether with their hydrochlorides (prepared by saturating 
with hydrogen chloride a solution of the amine in ether, and 
crystallization of the precipitate from ethanol +  benzene): 

a,a-dimelhyl-f3-(2,4-dimethylphenethyl)ariine (IV), b.p. 
132-133722 mm., nsD° 1.5231.

Anal. Calcd. for C12H19N: C, 81.3; H, 10.8; N, 7.9. Found: 
C, 81.3; H, 10.6; N, 7.9.

Hydrochloride, colorless needles, m.p. 209° (sublimation 
above 170°).

Anal. Calcd. for C12H20CIN: Cl, 16.6; N, 6.6. Found: 
Cl, 16.8; 6.8.

a,a-dimethyl-ß-(2,5-dimethylphenethyl)amine (V), b.p. 
118715 mm.' re2,1 5 1.5246.

Anal. Calcd. for Ci2Hl9N : C, 81.3; H, 10.8; N, 7.9. Found: 
C, 81.3; H, 10.8; N, 7.9.

Hydrochloride, m.p. 230°.
Anal. Calcd. for C12H2oC1N : Cl, 16.6; N, 6.6. Found: 

Cl, 16.5; N, 6.4.
a,a-dimelhyl-ß-p-propylphenethylamine (VI), b.p. 123- 

125714 mm., 7 d2 1.5182.
Anal. Calcd. for C^H-jiN: C, 81.6; H, 11.1; N, 7.3. Found: 

C, 81.4; H, 10.9; N, 7.1.
Hydrochloride, m.p. 217° (sublimation above 166°).
Anal. Calcd. for C13HKC1N: Cl, 15.6; N, 6.2. Found: 

Cl, 15.5; N, 6.0.
a,a-dimethyl-ß-{2,4ß-trimethylphenethyl)amine (VII), b.p. 

130-131714 mm.
Anal. Calcd. for C13H21N : C, 81.6; H, 11.1; N, 7.3. Found: 

C, 81.6; H, 10.9; N, 7.2.
Hydrochloride, m.p. 214° (sublimation above 175°).
Anal. Calcd. for C13H22CIN: Cl, 15.6; N, 6.2. Found: 

Cl, 15.8; N, 5.9.
N ,N '{a,a-dimethyl-ß-o-chlorophenethyl)urea (VIII). This 

compound was obtained as the sole product from the hy
drolysis of the corresponding isocyanate, and crystallized 
from benzene in shiny colorless prisms, m.p. 224°.

Anal. Calcd. for C2iH26C12N2: C, 64.1; H, 6.7; N, 7.1. 
Found: C, 64.1; H, 6.8 ; N, 7.0.
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TV-Substituted glycinate and a- and /3-alaninate esters were prepared as possible antimetabolites for the control of Fusarium. 
wilt diseases. Some qualitative results are presented on the relative ease of displacement of the a-halogen atom and aminol- 
ysis of the ester group in the reaction of haloacetate esters with primary aliphatic amines.

The pathogenicity of Fusarium lycopersici has 
been attributed to one of its metabolic products, 
lycomarasmin (I). Tomato wilt, an important 
economic plant disease, is caused by this organism. 
The toxic effects of I are also reproduced by the 
synthetic peptide serylglycylasparatic acid and 
reversed by serylglycylglutamic acid.1

CH3

HodNHCH,CONHCHC02H
I I

CO2H CH2CONH,
I

(1) J. W. Foster, Chemical Activities of Fungi, Academic 
Press Inc., New York, N. Y., 1949, p. 494.

Since lycomarasmin is a tripeptide composed of 
asparagine, glycine, and a-hydroxyalanine units, 
it was felt that antimetabolites for the control of 
wilt diseases2 might be found in iV-substituted 
glycinates and alaninates. These amino acid deriva
tives might prevent the formation of the toxic 
agent, lycomarasmin. Growth inhibition of the 
fungus would also result if the biosynthesis of 
the tripeptide were essential to the Fusarium 
organism.

A-Substituted glycinates have been prepared by 
the alkylation of amines with haloacetates,3 by 
reductive alkylation of aldehydes and ketones with

(2) Plant Diseases, The Year Book of Agriculture, U. S.
Dept, of Agriculture, Washington, D. C., 1953.
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glycine,3 4 * by a modified Strecker synthesis,8 and 
by alkylation of glycine with dialkyl sulfates.6 
Since our interest was mainly the preparation of 
Ar-monosubstituted glycinates (IV), a study of only 
the first of these methods was undertaken. Because 
of the numerous side reactions resulting from com
petitive reactions involving the displacement of the 
a-halogen atom and aminolysis of the ester group, 
yields of IV are about 50%. The yields or isolation 
of by-products such as VII-IX  have not been re
ported by previous investigators.3’7’8

(Villa). However, allylamine and ethyl bromo- 
aeetate, under the same conditions, gave a 75% 
yield of the alkylated product IVa. Butylamine and 
ethyl chloroacetate in refluxing benzene gave rise 
to three products: ethyl iV-butylglycinate (IVb) in 
12.5% yield, A^X'-dibutylglycinamide (VUIb) 
in 50% yield and butylimino-bis-X-butylacetamide 
(IXb) in 26% yield. Ethyl bromoacetate and butyl- 
amine gave a 71% yield of IVb and a 16% yield of 
diethyl butyliminodiacetate (VUIb). Finally, ben- 
zylamine and ethyl chloracetate in refluxing ben-

RN’IL +  XCH2C02C2H5
II

R
I

O N

T . 1

h i
X = Cl or Br

N O
I
R X

RNHCH2C02C2H5 +  XCH-.CONHR

IV

RN

CH2C02C2H5

CH,CONHR
VI

RX(CH2C02C,H5)2 r n h c h 2c o x h r  
VII V ili

RN(CH,CONHR)2
IX

(a) R = alivi
(b) R = butyl
(c) R = benzyl

In the present study of the reaction of allyl-, 
butyl- and benzyl-amine with ethyl chloro- and 
bromoacetate, compounds of the type IV, VII-IX 
have been isolated. Ar,X-Disubstituted 2,5-di- 
ketopiperazines (X)4a were not isolated from among 
the reaction products but were formed in small 
amounts (ca. 5%) during storage of samples of IV 
for several months.

Allylamine and ethyl chloroacetate in ether at
0-5° gave only a 7% yield of ethyl A’-allylglyciriate 
(IVa) and a 72% yield of A^V'-diallylglycinamide

(3) (a) R. Alpern and C. Weizmann, / .  Chem. Soc., 84 
(1911). (b) J. Fugger, J. M. Tien, and I. M. Hunsberger, 
J. Am. Chem. Soc. 77, 1843 (1955). (c) A. T. Mason and
G. R. Winder, J. Chem. Soc., 18 (1894). (d) C. Paal and
E. Weidenkaff, Ber., 39, 81 (1906). (e) R. Willstatter, 
Ber., 35, 584 (1902). (f) W. Voss and H. Wulkan, Ber., 
70,388(1937).

(4) (a) L. Bilek, J. Derkosch, H. Michl, and F. Wessely, 
Monatsh, 84, 717 (1953). (b) R. E. Bowman and H. H. 
Stroud, J. Chem. Soc., 1342 (1950). (c) R. E. Bowman, 
J . Chem. Soc., 1346 (1950).

(51 (a) L. W. Ziemlak, J. L. Bullock, F. C. Bersworth, 
and A. E. Martell, J. Org. Chem., 15, 255 (1950). (b) S. M. 
McElvain and P. M. Laughton, J. Am. Chem. Soc., 73, 
448 (1951). (e) C. E. Dalgliesch and F. G. Mann, J. Chem. 
Soc., 658 (1947). (d) D. B. Luten, Jr., J. Org. Chem., 3, 
588 (1939). (e) A. H. Cook and S. F. Cox, J. Chem. Soc., 
2334 (1949). (f) R. A. Jacobson, J. Am. Chem. Soc., 67, 
1996 (1945).

(6) J. Novak, Ber., 45, 834 (1912).
(7) W. V. Drake and S. M. McElvain, J. Am. Chem. 

Soc., 56, 697, 1810 (1934).
(8) J. A. King and F. H. McMillan, J. Am. Chem. Soc.,

72, 1236 (1950).

zene gave rise to a 61.5% yield of ethyl .V-benzyl- 
glycinate (IVc) and only 10% yield of N,N'- 
dibenzyl glycinamide (VIIIc).

The course of reaction of allyl- and butylamine 
with ethyl chloro- and bromoacetate is clearly 
shown to be governed by the difference in lability 
of the halogen atoms. Aminolysis of the ester group 
and chloride displacement must have proceeded at 
about the same rate to account for the yields of 
products. If displacement proceeded much faster 
than aminolysis, at least a 50% yield of IVa or 
IVb should have been realized, based on the mole 
ratio of reactants used.

The effect of the nature of an electronegative 
a-substituent on the rate of aminolysis of aliphatic 
esters has been strikingly shown by Audrieth and 
Kleinberg.9 * 312 Ethyl cyanoacetate afforded 96-100% 
yields of cyanoacetamide whereas ethyl acetate 
gave only 0-3% yields of amide under identical 
conditions.

It is interesting to compare the action of benzyl- 
amine with ethyl chloroacetate and butyl chloro
acetate to give the respective glycine esters. The 
two reactions were performed similarly except that, 
in the former, the mixture was refluxed (79°) 
for one hour and, in the latter, it was held for four 
hours at 40-48°. The yield of glycinate ester was 
61.5% for the ethyl ester and 31% for the butyl

(9) L. F. Audrieth and J. Kleinberg, J. Org. Chem., 3,
312 (1938).
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TABLE I
E th y i, TV-Su bstitu ted  G lyoinates 

RNHCH2C02R'

Yield, Mm. Carbon, % Hydrogen, % Nitrogen. %
R R' Method % B.P. Hg n d6 Calcd. Found Calcd. Found Calcd. Found

¿-C3H, c 2h 5 B 39 46 4.0 1.4161 — — — — 9.65 9.64
í-C4H, c 2h 6 B 57 67 12.0 1.4206 — — — — 8.80 8.74
h.-C12H2í c 2h 6 A 46 160 2.7 1.4422 70.80 70.60 12.25 12.24 5.16 5.16
CR.,=C(CIL)CH2a c 2h 6 A 65 76 10.0 1.4384 61.12 60.74 9.62 9.64 8.26 8.31
(C.,H5)2NCH2CH, c 2h 5 B 45 78 1.1 1.4410 59.37 59.24 10.96 10.77 13.25 13.44
OHsO(CH2)3 c 2h 5 A 70 63 0.6 1.4312 — — — . — 8.09 8.09
C,H50(CH2)3 c 2h 6 B 57 75 0.5 1.4309 — — — — 7.40 7.50
CfJL1CH(CH:j)'’ c 2h 5 A 59 85 0.25 1.5010 — — — — 6.76 6.89
2,4-CLCJIaCH./ c 2h 6 A 54 140 0.8 1.5342 — *— — — 27.05e 27.10
3,4-Cl2CcII3CH/ c2h 6 A 44 132 0.35 1.5327 — — — 27.05e 27.93
c 2h 6 CH2==CH—CHS A 36 75 16.0 1.4357 58.72 58. 18 9.15 9.11 9.78 9.49
c h 2= c h —c ii2 CH2= C H —CHi A 50 89 13.0 1.4524 61.92 61.63 8.44 8.48 — —
c 6h 5c h 2 CHo=CH—CII2 A 57 127 1.6 1.5142 70.22 70.08 7.37 7.29 6.83 6.77
c h 2= c h —c ii / c 4h 9 A 58 95 10.0 1.4383 63.12 63.22 10.01 9.97 8.18 8.24
C6H5CH21' c 4h 9 A 27 135 2.0 1.4962 70.53 70.49 8.65 8.74 6.33 6.52
c h 2= c h —c h 2a c 12h 26 B 50 162 2.0 1.4508 — — — — 4.94 4.79
(■ H.cil. c i2h 26 B 88 — — 1.4856 — — — — 4.20 3.97

“ Picrate: m.p. 77-78°. Anal. Caled, for C14H18N40 9: C, 43.52; H, 4.70; N, 14.49. Found: C, 43.97; H, 5.01; N, 14.70. 
s Hydrochloride: m.p. 151-152°. Anal. Caled, for Ci2H17N 02-HC1: Cl, 15.20. Found: Cl, 15.30. e Chlorine analysis. d Hydro
chloride:0 m.p. 159-160°. Anal. Caled, for CuH13C12N02-HC1: Cl, 35.63. Found: 35.64. e Hydrochloride: m.p. 206-207°. Anal. 
Caled, for CnH13Cl2N 02-HCl: Cl, 35.63. Found: Cl, 35.62. s Picrate: m.p. 94-95°. Anal. Caled, for CuHmNíO»: C, 45.00; 
H, 5.04; N, 13.99. Found: C, 45.50; H, 5.17; N, 13.77. 0 Hydrochloride: m.p. 102-103°. Anal. Caled, for C13H19N 02-HC1: 
N, 5.43; Cl, 13.75. Found: N, 5.45; Cl, 13.73. (N. L. Drake and S. Melamed, U. S. Patent, 2,653,895.) A Hydrochloride: 
m.p. 97-98°. Anal. Caled, for CnH33N02-HCl: N, 4.38; Cl, 11.07. Found: N, 4.19; Cl, 11.26.

TABLE II
¡V-Sd bstitu ted  Alan ina te  E sters

Ri O R4 O
\  /  \  S

NCIIC—OR and NCIRCILC
/  ! /  \

r 2 c h 3 r 2 or
XI XII

XI 
or

XII R Ri r 2
Yield,

% B.P. Mm. 7J25 71 D
Nitrogen Analysis 
Calcd. Found

XI C2i l6a I-I c h 2= c h —c i i2 41 68 11.0 1.4310 8.91 9.17
XI g ,h 5 —CII2CH2— — 32 1.0 1.4276 9.78 9.96

XII c 2h 3 —CH,CEL— 88 75 13.0 1.4326 9.78 9.96
XII C JI, —CILCH.,— 88 85 4.5 1.4362 8.18 8.13
XII CH:,OCH2CH2 —CHoCH,— 89 82 1.3 1.4432 8.09 8.19
XII Cdl," H CHï=CHCH2 80 56 1.2 1.4390 8.52 8.91
a Hydrochloride: m.p. 95-96°. Anal. Calrd. for C8H,sNO,-HCl: N, 7.23; Cl, 18.31. Found: N, 7.00; Cl, 18.36. 6 Hydro

chloride: m.p. 82-83°. Anal. Calcd. for C8H15N 02-IIC1: Cl, 18.32. Found Cl, 18.38.

ester. The butyl ester reaction gave a large high- 
boiling residue.

In contrast to the action of allylamine, diallyl- 
amine was ineffective in the aminolysis of ethyl 
chloroacetate. This reaction was performed in the 
presence of 8.4 mole percent of diallvlamine hy
drochloride ’ in ethanol in the hope of catalyzing 
the aminolysis10 of the ester group. The only prod
uct isolated was ethyl Ar,V-diallylglyeinate.

In an attempt to repress side reactions in the 
preparation of glycinates of types IV; bases other * 54

(10) P. K. Glasoe and L. F. Audrieth, J. Orq. Chem., 4,
54 (1939); P. K. Glasoe, J. Kleinberg, and L. F. Audrieth, 
J. Am. Chem. Snc., 61, 2387 (1939).

than excess amine were studied. Triethylamine was 
used successfully in place of one mole excess of 
primary amine, but the yields in general were of 
the same order. The use of sodium carbonate and 
sodium acetate11 lead to the isolation of over 50% 
yields of dialkylated products VII.

Tars were formed when either sodium hydroxide 
or a large excess of primary amine were used as 
the hydrogen halide scavengers. * 1608

(11) (a) W. Baker, W. D. Ollis, and V. D. Poole, J. 
Chem. Soc., 307 (1949). (b) F. E. King and J. W. Clark- 
Lewis, J. Chem. Soc., 3080 (1951). (c) P. L. Southwiek,
H. L. Dimond, and R. E. Stansfield, J. Am. Chem. Soc., 78,
1608 (1956). (d) C. G. Schwalbe, W. Schulz, and H. Joch- 
heim, Ber., 41, 3790 (1908).
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The glycinates prepared during the course of 
this work and not reported previously are listed 
in Table I. «-(iV-Substituted) alaninate esters 
were prepared from the a-bromoesters according to 
the procedure used for the glycinates. The 0- 
alaninates were prepared by 1,4- addition of the 
amine to the appropriate acrylic ester. These new 
compounds are listed in Table II.

The fungicidal activities of the glycinates and 
alaninates are presented in Table III. Only the 
ethyl iV-allyl- and iV-benzylglycinates, their hy
drochlorides, and the picrate of the benzyl deriva
tive possessed activity. Modification of the ester 
grouping of iV-allyl and iV-benzyl glycinates resulted 
in a total loss in activity with the exception of 
allyl M-allylglycinate. Similarly, the ethyl a- or 
/3-Af-allylalaninates were without activity in these 
tests. From these results, it is apparent that the 
structural requirements for systemic fungicidal 
activity in the glycinate series are highly specific.

TABLE III
S ystemic F ungicidal Activ ity" of N -S ubstitutf.d 

G lycinates and Alaninates

Activity
RNHCH2COOC2HB Rating"
i-CstR N
CH2=CHCH 2 E
CHí=CHCH 2.HC1 E
Í-C4H9 N
CH2=CH ( C H s )CH2 n
(C2H5)2NCH2CH2— n
CHsO(CH2)3— n
C2H50(CH.)3— n
C6H5—CH(CIh) N
c 6h 5c h 2— e
C6H6CH2— HC1 E
CeHLCEfi— picrate E
2,4-Cl2C6H3CH2— N
S^ChCeHsCHj— N
RNHCH2COOR'

R R '
CHí=CH —CH2— N
CH-=CH—CH2—- P
C H ^C H C IL— N
C4H9 N
C,H» N
w-Ci2H2b In
n-C12H:í N

RNHCH2CH2COOR'
R R '

CH2=CHCH2— C2H5 N
c h 3

RNH—¿H —COOR'
R R'

c h 2= c h c h 2— c 2h 5 n

“ The systemic test for the control of Fusarium oxy- 
sporum f-lycopersici in tomatoes is a modification of that by 
A. E. Dimond, et al., Connecticut Ayr. Expt. Ski. Bull., 557
(1952). Chemicals were applied as foliage sprays at a con
centration of 2500 p.p.m. rather than by the root soaking 
technique of Dimond. " N = no good; heavy vascular dis
coloration. P = promising; slight vascular discoloration. 
E = excellent; no vascular discoloration.

E X P E R IM E N T A L 12

Glycinate esters. The method used for ethyl A-methallyl- 
glyeinate is representative.

A solution of 21.3 g. (0.3 mole) or methallylamine, 30 g. 
(0.3 mole) of triethyiamine and 200 ml. of ether or benzene 
was cooled to 0-5°. A solution of 47.5 g. (0.3 mole) of ethyl 
bromoacetate in 100 ml. of ether or benzene was added in
2.5 hr. at 0-5°. The mixture was allowed to warm to room 
temperature anc! stirred overnight. The triethyiamine 
hydrobromide (92.5% recovery) was removed by filtration. 
After removal of the solvent, the product was distilled 
in vacuo. This procedure is designated as A in Table I; in 
procedure B, 2 equivalents of amine were used and triethyi
amine was omitted.

When anhydrous sodium carbonate was used in place of 
triethyiamine as a hydrogen bromide scavenger only imino- 
diacetates were isolated. To a suspension of 53 g. (0.5 mole) 
of sodium carbonate and 29.6 g. (0.5 mole) of propylamine 
in 200 ml. of dry benzene, 83.5 g. (0.5 mole) of ethyl bromo
acetate was added over about 2 hr. at 20-25°. The mixture 
was stirred overnight and the inorganic salts filtered. The 
solvent was removed and diethyl Ar-propyIiminodiacetate 
was isolated in 77% yield; b.p. 127° (10 mm.), re2D! 1.4346.

Anal. Calcd. for CuH2iN04: N, 6.06. Found: N, 6.03.
The picrate was prepared in ethanol and recrystallized 

from hexane-ethyl acetate mixture: m.p. 83-84°.
Anal. Calcd. for CitHkN-iOh: C, 44.23; H, 5.25; N, 12.14. 

Found: C, 44.24; H, 5.43; N, 12.10.
Diallyl N-ethyHminodiacetate was prepared similarly in 

51.8% yield; b.p. 110° (0.9 mm.), n2D5 1.4160.
Anal. Calcd. for Ci2Hi9NO<: N, 6.07. Found: N, 6.05.
Diethyl N-ethylimidodiacelate was prepared in a similar 

manner in 45.5% yield. This compound was also formed in 
54.8% yield when sodium acetate was used in place of car
bonate; b.p. 113-115° (5.3 mm.), n2D5 1.4247.

Anal. Calcd. for C^H^NO,: N, 6.45. Found: N, 6.25.
Alaninate esters. The a-W-substituted alaninate esters 

were prepared according to Procedure A above. The /3-Ar- 
substituted alaninate esters were prepared from the acrylate 
ester and amine as shown by this typical example for butyl 
1-aziridinepropionale. Ethylenimine (12.9 g., 0.3 mole) was 
added to 38.4 g. (0.3 mole) of butyl acrylate at 20° during
0.5 hr. The reaction temperature was allowed to rise to 25- 
40° and held overnight. The aziridinepropionate was 
isolated by direct distillation. In some instances, absolute 
ethanol (100 ml./O.l mole) was used as solvent.

Treatment of butyl 1-aziridinepropionate with anhydrous 
hydrogen chloride13 in ether gave a 60% yield of butyl S-(2- 
chloroethylamino)propionate hydrochloride, m.p. 138-139°.

Anal. Calcd. for CsILsClNOi-HCl: ionic Cl, 14.52; total 
Cl, 29.34. Found: ionic Cl, 14.65; total Cl, 29.34.

Alkylation of amines. A. Allylamine. (1). Ethyl chloro- 
acetale. A solution of 142 g. (2.5 moles) of allylamine and 122 
g. (1.0 mole) of ethylchloroacetate in 300 ml. of ether was 
stirred at 0-5° for 5 hr., and allowed to stand at room tem
perature over the week-end. The ether layer was separated 
and the lower layer was extracted with ether and benzene. 
The solvents were combined, removed in vacuo, and the 
residue distilled. Two fractions were collected: Fraction I, 
b.p. 71-105° (8 mm.), n2D5 1.4361; 10 g. (7% yield). Fraction 
II, b.p. 110-135° (2 mm.), n2D5 1.4852 (15% yield).

Fraction I consisted chiefly of ethyl A’-allylglycinate3“ 
as shown by conversion to its hydrochloride; m.p. 115-116°.

Anal. Calcd. for C,H13N 02-HC1: Cl, 19.74. Found: Cl, 
19.84.

Fraction II was identified as Ak-A'-diallyl glycinamide by 
conversion to its hydrochloride; m.p. 128-129°. **

Anal. Calcd. for C8H;4N£0  HC1: C, 50.39; H, 7.93; Cl.
18.59. Found: C, 50.25; H, 8 01; Cl, 18.70.

(12) We are indebted to A. Bybell, O. S. Kring, and 
J. L. O’Sullivan for the analyses.

(13) H. Bestian, Ann., 566, 210 (1950).

C2H,
CHí=CHCH2
ctrcho—
CH2=CHCII2
CeHjCH,—
CH4=CH CII2
c6h 3c h 2—
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The lower layer, after extraction with ether and benzene, 
was dissolved in chloroform and neutralized with sodium 
hydroxide. Separation and evaporation of the chloroform 
left 70 g. (57% yield) of Ar,AT'-diallylglycina,mide. The 
hydrochloride melted at 127-128°. A mixture melting 
point with the hydrochloride of Fraction II was not de
pressed.

(2). Ethyl bromoacetate. A solution of 114 g. (2.0 moles) 
of allylamine and 167 g. (1.0 mole) of ethyl bromoacetate 
in 500 ml. of ether was stirred at 5-10° during 3 hr. and then 
overnight at room temperature. Allylamine hj^drobromide 
(97% recovery) was collected on a filter. The solvent was 
removed and the residue distilled to give 104 g. (73% yield) 
of ethyl A’-allyl glycinate [b.p. 88-89° (30 mm.), ?rDs 1.4351]. 
The hydrochloride melted at 115-116° and was shown to be 
identical with that from Fraction I above by mixture melt
ing point.

B. B u ty la m in e . (1). E th y l  ch loroaceta le . A solution of 168 
g. (2.3 moles) of butylamine in 1 1. of benzene was treated 
with 122 g. (1.0 mole) of ethyl chloroacetate at 25-30° 
during 1 hr. The solution was heated at reflux for 2 hr. 
Butylamine hydrochloride did not precipitate during the 
reaction period. The solution was made alkaline with sodium 
hydroxide and the organic layer was separated. The residue 
after removal of the solvent was distilled and yielded two 
fractions: Fraction I, b.p. 87-93° (15.5 mm.), n2D5 1.4240,
15.5 g. (12.5% yield); Fraction II, b.p. 121-127° (0.55 
mm.), m2d5 1.4551, 75.5 g. (50% yield).

Fraction I consisted chiefly of ethyl A-butylglycinate as 
shown bv conversion to its hydrochloride: m.p. 186-187°.

A n a l .  Calcd. for C8H„N02HC1: C, 49.10; H, 9.27; Cl, 
18.14; N, 7.15. Found: C, 49.16; H, 9.36; Cl, 18.38; N, 7.11.

Fraction II was shown to be M,Ar'-dibutyI glycinamide 
by conversion to its hydrochloride; m.p. 172-173°.

A n a l .  Calcd. for C,(,H22N20-HC1: C, 53.98; H, 10.35; Cl, 
15.95; N, 12.60. Found: C, 53.84; H, 10.45; Cl, 16.02; N, 
12.62.

The residue (46.5 g., 26% yield) which remained after dis
tillation of Fraction I and II consisted of butylimino- 
bis(.V-butylacetamide) which was converted to its hydro
chloride, m.p. 95-96°.

A n a l .  Calcd. for C,6H33N30 2-HC1: C, 57.09; H, 10.20; Cl, 
10.56: X, 12.52. Found: C, 56.60; H, 10.46; Cl, 10.62; N, 
12.19.

Ethyl A-butylglycinate is reported14 to have been pre
pared in 56.5% yield [b.p. 174-175° (20 mm.), n2D5 1.4600] 
from ethyl chloroacetate and butylamine. The compound 
is undoubted^ A,A"-dibutylglycinamide.

(2). E th y l  brom oaceta te . When butylamine w'as treated 
with ethyl bromoacetate according to the procedure as 
given for ethyl chloroacetate, a 94% recovery of butylamine

(14) J. Supniewski, C h em . A b s tr . , 22, 666 (1928).

hydrobromide was realized. There was obtained a 71% 
yield of ethyl iV-butylglycinate [b.p. 52° (1.1 mm.), n2Ds
1.4236] and a 16% yield of diethylbutyliminodiacetate 
[b.p. 100-105° (1.1 mm.), k2ds 1.4350], whose picrate melted 
at 94-95°. The hydrochloride formed as an oil.

A n a l .  Calcd. for C18H2f,N40 i,: C, 45.59; IT, 5.51; N, 11.81. 
Found: C, 45.82; H, 5.70; N, 11.60.

The above method of preparation is essentially that of 
Fugger, Tien, and IIunsberger3b but the iminodiacetate was 
not reported.

C. B e n z y la m in e . Treatment of benzylamine with ethyl 
chloroacetate, as in the, alkylation of butylamine, afforded 
a 61% yield of ethyl Ar-benzylglycinate15; b.p. 106° (0.9 
mm.); n 2̂  1.5041 (picrate, m.p. 166-168°).

The residue from the distillation was dissolved in ethyl 
acetate, filtered, and saturated with hydrogen chloride. 
There was obtained about 10% yield of the A,A'-dibenzyl- 
glycinamide hydrochloride, m.p. 244-245°.

A n a l  Calcd. for C,6H18N20-HC1: C, 66.09; H, 6.59; Cl, 
12.20; N, 9.65. Found: C, 66.58; H, 6.77; Cl, 12.34; N, 9.55.

D. D ia lly la m in e . To 200 ml. of absolute ethanol contain
ing 0.042 mole of hydrogen chloride, there was added 48.5 
g. (0.5 mole) of diallylamine and 61 g. (0.5 mole) of ethyl 
chloroacetate. The mixture was held at 1-2° for 18 hr. and 
then at 24° for 24.5 hr. Samples were removed periodically 
and titrated for amine and chloride ion. The increase in 
chloride ion and decrease in amine concentrations were 
proportional at both temperatures and reached constant 
values of 0.25 mole each. Thus, aminolysis of the ester 
group was negligible. Alkylation was the predominant reac
tion. At the end of the reaction period, the mixture was 
poured into water and extracted with ether. There was 
obtained 0.19 mole (38% recovery) of ethyl chloroacetate, 
and 0.17 mole (68% yield on ester consumed) of ethyl N , N -  
diallylglycinate, b.p. 112-114° (0.35 mm.), n2D5 1.4448, 
neut.. equiv. 184 (theory neut. equiv. 183).

Saponification of the diallyl glycinate with 20% potassium 
hydroxide d  reflux for 2 hr. afforded a 65% yield of N ,AT- 
diallylglycine, m.p. 109-110°. The melting point was not 
depressed on admixture with an authentic sample (m.p. 
109-110°) prepared from diallylamine and chloroacetic 
acid.

A n a l .  Calcd. for C8H13N 0 2: N, 9.02. Found: N, 9.19.

Acknowledgments. We are indebted to Dr. A. J. 
Suhoveeky for valuable discussions and fungicidal 
testing of the compounds. The assistance of Dr.
K. W. Ratts in the preparation of various com
pounds is gratefully acknowledged.

St. Louis 66, Mo.
(15) A. J. Tomisek, J .  A m .  C h em . S o c ., 71, 1138 (1949).
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F lu orin ated  A rom atic A m in o  A cids. I. o- ,  m and p -  
T r iflu orom eth ylp h en y  la la n in e s1

ROBERT FILLER and HERMAN NOVAR

R ece ived  O ctober 12, 1.959

0-, m - , and p-Trifluoromethyl-df-phenylalanines have been synthesized as part of a study of the effect of the trifluoro- 
methyl group on the physical properties and physiological activity of aromatic amino acids. The m-amino acid was pre
pared in an over-all yield of 25% from m-bromobenzotrifiuoride using the carbobenzyloxyaminomalonate method. This route 
failed for the preparation of the o-trifluoromethyl amino acid. All three amino acids were obtained v ia  the corresponding 
unsaturated azlactones. The trifluoromethyl group exhibited remarkable hydrolytic stability under the strongly acidic 
conditions employed during these procedures.

Aromatic amino acids substituted with fluorine 
atoms in the aromatic nucleus have been prepared 
previously and have been shown to possess signif
icant physiological activity. Thus, Schiemann and 
Winkelmuller2 and later, English, Mead, and Nie
mann,3 synthesized 3-fluoro-dZ-tyrosine. May and 
Litzka4 reported that this compound inhibited 
tumor growth in animals in which carcinoma had 
been experimentally induced. The three fluoro- 
dZ-phenylalanines and 5-fluoro-dl-tryptophan, have 
also been prepared.6-7

We now wish to report the synthesis of the o-, 
m-, and p-trifluoromethyl-dZ-phenylalanines as 
part of a study of the physical properties and phys
iological activity of trifluoromethyl aromatic 
amino acids.

m-Trifluoromethyl-dZ-phenylalanine (I) was ob
tained in 25% overall yield via the method outlined 
in Chart A:

Chart A

co2ch2c»h5

HC—NHCOOCH2e 6H, I
co2ch2c6h ,

c f 3

NaH

59%

Hs/Pd-C
83%

c f 3

1

c o 2c h 2c 6h 5 
c h 2- ^ - n h c o o c h 2c 6h 5 

c o 2c h 2c 6h 5

CH.CHCOO"

I n h ;
+  c 6h 5c h 3 +  c o 2

(1) This work was supported by a grant (CY-2S79) from 
the National Cancer Institute, National Institutes of 
Health, USPHS. Presented in part at the 136th National 
Meeting of the American Chemical Society, Atlantic City, 
N. J., September 1959.

(2) G. Schiemann and W. Winkelmuller, B e r ., 66B, 727 
(1933).

(3) J. English, J. J. Mead, and C. Niemann, J .  A m .  
C h em . S o c ., 62, 350 (1940).

m-Trifluoromethylbenzyl alcohol, prepared from 
the readily available m-bromobenzotrifluoride, was 
smoothly converted in 85% yield to the benzyl 
bromide by refluxing with 48% hydrobromic acid 
and concentrated sulfuric, acid for six hours. There 
was no evidence of any hydrolysis of the trifluoro
methyl group to carboxyl under these conditions. 
This is in contrast to several reports that the tri
fluoromethyl group is labile under strongly acid 
conditions.8 It has been our experience that longer 
reflux periods are often required to effect this hy
drolysis. The nature of other nuclear substituents 
also plays an important role.

m - Trifluoromethylbenzyl bromide was then 
treated with dibenzyl carbobenzyloxyaminomalo
nate9 in refluxing toluene in the presence of sodium 
hydride to give a 59% yield of the condensation 
product. This material was readily converted to 
I in 83% yield by hydrogenolysis using palladium 
on charcoal. This debenzylation and decarboxyla
tion step was similar to that described by Kissman 
and Witkop.10

o-Trifluoromethylbenzyl bromide was prepared 
from o-chlorcbenzotrifluoride11 via the benzyl al-

(4) N. May and G. Litzka. Z .  K r e b s fo r sc h ., 48, 376 
(1939); C h em . A b s tr . , 33, 4662 (1939).

(5) G. Schiemann and M. Roselius, B e r ., 65, 1439 
(1932).

(6) H. K. Mitchell and C. Niemann, ./. A m .  C h em . S o c ., 
69, 1232 (1947).

(7) H. Rinderknecht and C. Niemann, J .  A m .  C h em . 
S o c ., 72 , 2296 (1950).

(8) (a) M. Hauptschein, E. A. Nodiff, and A. J. Sag- 
giomo, J .  A m .  C h em . S o c ., 76 , 1051 (1954); (b) H. Gilman 
and D. Blume, J .  A m .  C h em . S o c .. 65, 2467 (1943); (c) 
G. M. LeFave, J .  A m .  C h em . S o c ., 7 1 ,  4148 (1949); (d) 
P. M. Maginnity and C. A. Gaulin, J .  A m .  C h em . S o c .,  
7 3 , 3579 (1951).

(9) We wish to thank Dr. Marcel Harnik of Chemetron 
Corp., Newport, Tenn., for a sample of this material which 
was prepared from the diethyl ester by refluxing with excess 
benzyl alcohol in the presence of sodium hydride. Kissman 
and Witkop (ref. 10) prepared the dibenzyl ester by the 
reaction of dibenzylaminomalonate with benzyl chloro- 
carbonate.

(10) H. M. Kissman and B. Witkop, J .  A m .  C h em . S o c ., 
7 5 , 1967 (1953).

(11) o-and p-Chlorobenzotrifluoride were generously sup
plied by Hooker Electrochemical Co.
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coliol. Attempted condensation of this bromide with 
dibenzyl carbobenzyloxyaininomalonate under sev
eral reaction conditions failed to yield an isolable 
product. It seems possible that the o-trifluoromethyl 
group may cause steric retardation of the condensa
tion. No attempt was made to prepare p-trifluoro- 
methyl-dZ-phenylalanine by this procedure.

The successful synthesis of all three isomeric 
trifluoromethyl-i/(-phenylalanines as their hydro
chlorides was accomplished via the azlactone route 
which has been employed for di-phenylalanine.12 
The free amino acids were then obtained by passing 
the hydrochloride salts through a column containing 
Dowex-3, a weakly basic ion-exchange resin. 
The method used is illustrated for the ra-trifluoro- 
methyl isomer (I) in Chart B.

CF,
Chart B

CF,
Mg

B r  C„HsN(CH,)CHO 

3Rr;
CHO

ch,conhch2coqh

Ac20, NaOAc * 
84%

CFri c f 3

C H = C - C = 0
N  0  81%

VC

CH=C—C02H
I

NHCOCH,
I

CH,

CF;,
H,/Pd—C ;

80%, c h 2c h c o 2h

n h c o c h 3

HC1 ,J 

50%
I-HC1

The preparation of m-trifluoromethylbenzalde- 
hyde from the bromo Grignard reagent and N- 
methylformanilide has been described.13 Our 
yield of 38% of pure aldehyde however, was con
siderably lower than the 52-59% previously re
ported.13 It should be mentioned that autoxida- 
tion of this aldehyde to m-trifluoromethylbenzoic 
acid occurred within several hours at room tem
perature, so that the reaction with aceturic acid 
to form 2-methyl-4-(m-trifluoromethylbenzylidene)- 
5(4H)-oxazolone was carried out as soon as the 
aldehyde had been distilled. The azlactone ring 
was readily opened by refluxing with an acetone- 
water mixture to form a-acetamido-^(m-trifluoro- 
methylphenyl) acrylic acid in 81% yield. Catalytic 
hydrogenation gave a-acetamido-i3(m-trifluoro- 
methylphenyl)propionic acid. The acetamido group 
was then hydrolyzed by refluxing with concentrated 
hydrochloric acid for ten hours to form the amino 
acid I as its hydrochloride. The trifluoromethyl 
group once again remained intact throughout the 
procedure.

(12) O rg. S y n th e s is , Coll. Vol. II, John Wiley and Sons, 
Inc., New York, N. Y. (1943), p. 491.

(13) H. Gilman, L. Tolman, F. Yeoman, L. A. Woods, 
D. A. Shirley, and S. Avakian, J .  A m .  C h e m . S o c ., 68, 426
(1946).

When hippuric. acid was substituted for aceturic 
acid in the azlactone synthesis and the subsequent 
steps carried out, it was found that the final 
hydrolysis of the benzamido group to give I could 
not be readily effected. Therefore, the ortho- 
and para-substituted amino acids were also ob
tained from the acetamido compounds.

The ortho-isomer was prepared by analogous 
reactions starting with o-chlorobenzotrifluoride.11 
The preparation of the Grignard reagent required 
the use of tetrahydrofuran in place of ether and the 
yield of aldehyde was only 20-25%.

An attempt to form this aldehyde from o- 
trifluoromethylphenyllithium was unsuccessful, al
though carbonation gave a good yield of o-tri- 
fluoromethylbenzoic acid, in agreement with 
Roberts and Curtin.14 15 p-Trifluoromethylphenyl- 
magnesium chloride was even more difficult to 
prepare although many sets of reaction conditions 
were tried. The difficulties may be due in large 
measure to the passivity of the surface of magne
sium. Results were inconsistent, although we were 
successful in several small runs in isolating small 
amounts of p-trifluoromethylbenzoic acid after 
carbonation. These results are in agreement with 
those reported previously.16 Attempts to form the 
organolithium compound using lithium dispersion 
or n-butyllithium, failed, however. The para- 
aldehyde was satisfactorily prepared from the 
Grignard reagent formed from p-bromobenzotri- 
fluoride,16 and the amino acid subsequently ob
tained via the azlactone.

The physical properties of these new “unnatural” 
amino acids are being examined and will be re
ported separately. The possibility that these com
pounds may exhibit physiological activity as amino 
acid antimetabolites is also being explored.

EX PE R IM E N T A L 17

m -T r iflu o T o m e th y lb e n zy l a lcohol. m-Bromobenzotrifluoride 
(112.5 g., 0.5 mole) in 100 cc. of dry ether was added drop- 
wise to a mixture of 18 g. of magnesium in 200 ec. of dry 
ether. After the reaction subsided, stirring was continued 
for 1 hr. Paraformaldehyde (30 g.) was introduced into the 
system according to the procedure of Gilman18 to produce 
55 g. of product. The alcohol distilled at 86° (3 mm.) n”
1.4597, yield 63% (lit.,19 b.p. 100° (10 mm.), n2D5 1.4574, 
yield 38%).

A n a l .  Calcd. for C8H,OFs: C, 54.55; II, 4.01. Found: C, 
54.63; H, 3.93.

m -T r if lu o r o m e th y lb e n z y l b ro m id e . m-Trifluoromethylbenzyl 
alcohol (35.2 g.) was heated under reflux with 88 g. of 48%

(14) J. D. Roberts and D. Y. Curtin, J .  A m .  C h e m . S o c ., 
68, 1658 (1946).

(15) H. E. Ramsden, A. E. Balint, W. R. Whitford, J. J. 
Walburn, and R. Cserr, J .  O rg. C h e m ., 22, 1202 (1957).

(16) M. Markarian, J .  A m .  C h em . S o c ., 74, 1858 (1952).
(17) Melting points are uncorrected. Analyses by Micro- 

Tech Laboratories, Skokie, 111.
(18) O rg. S y n th e s is , Coll. Vol. I, John Wiley and Sons, 

Inc., New York, N. Y. (1941), p. 188.
(19) H. H. Szmant, J. F. Anzenberger, and R. Hartle,

J .  A m .  C h e m . S o c ., 72, 1419 (1950).
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aqueous hydrobrom ic acid and 13 cc. of coned, sulfuric acid 
for 6 hr. Evidence of reaction could be observed since the 
alcohol layer was less dense and the organic brom ide layer 
more dense than the aqueous layer. T h e  brom ide layer was 
separated, washed w ith  coned, sulfuric acid to  rem ove 
unchanged ben zyl alcohol, washed tw ice w ith  w ater, and 
dried. D istillation  gave  41 g. (8 5% ) o f brom ide, b.p. 69° 
(4 m m .) n 2D5 1.4895. T his com pound is a  strong lachrym ator.

D ib e n z y l  m - tr i f lu o ro m e th y lb e n zy lc a r b o b e n zy lo x y a m in o m a lo -  
n a te . In a d ry  250-cc. 3-necked flask, fitted  w ith  a  stirrer 
and reflux condenser connected to  a mercury-filled bubble 
counter, and sw ept w ith  d ry  nitrogen, was placed 9.0 g. of 
ii i-trifluorom ethylbenzyl brom ide and 0.9 g. o f sodium 
hydride to w hich was added a  ho t solution o f 16.3 g. of 
dibenzyl carbobenzyloxyam inom alonate111 in d ry  toluene. 
T h e m ixture was heated under reflux for 45 m in., the solu
tion cooled and a  few  cc. o f glacial acetic acid added, fol
lowed b y  3 cc. o f ethanol (to  dissolve the unchanged sodium  
hydride). F ifty  cc. o f w ater and 50 cc. o f ether were added, 
the m ixture shaken, and the organic layer was separated, 
washed w ith  w ater, and taken to  dryness i n  va cu o  to  give
13.1 g. (59 % ) o f a  w hite solid, recrystallized from  petroleum  
ether, m.p. 88-88.5°.

A n a l .  C alcd. for C 33H a8N 06F3: C , 67.00; H, 4.77. Found: 
C , 67.27; H, 4.96.

m -T r if lu o r o m e th y lp h e n y la la n in e . T h e hydrogenolysis of 
the condensation product using palladium  on charcoal in 
glacial acetic acid yielded the am ino acid. T w o recrystal
lizations from  9 5 %  ethanol gave a sligh tly  impure product. 
T h e final purification was effected b y  sublim ation a t 160° 
and 1 mm. pressure. T h e amino acid, obtained in 8 3 %  yield, 
decomposed a t  219-222°.

A n a l .  C alcd. for CioHioH02F3: C , 51.50; H, 4.32; N , 6.01. 
Found: C , 51.40; H, 4.28; N , 6.25.

o -T r if lu o ro m e th y lb e n z y l a lcoho l. o-Chlorobenzotrifluoride11 
(91 g., 0.5 mole), 13 g. of d ry  m agnesium  turnings, 5 cc. of 
eth yl brom ide (used as an “ entrainer” ), and 200 cc. of tetra- 
hydrofuran were stirred vigorously. T h e  exotherm ic reaction 
proceeded sm oothly a fter an induction period. One hour after 
the tetrahydrofuran stopped refluxing, paraform aldehyde 
(30 g .) was introduced into the system  to  produce 30 g. 
(34 % ) of product, b.p. 82-83° (3.5 m m .), 7Td5' 5 1.4657; a -  

naphthyl urethan, m .p. 129.5-130.5°.
A n a l .  C alcd . for Ci8H nN 02F 3: C , 66.08; H, 4.09. Found: 

C, 66.03; H, 4.18.
3 ,5 -D in itr o b e m o a tc , m .p. 73-73.5°.
A n a l .  C alcd. for Ci6H9N 206F3: C, 48.66; H, 2.45. Found: 

C , 48.24; H, 2.55.
o ~ T riflu o ro m e th y lb e n zy l b ro m id e . o-Trifluorom ethylbenzyl 

bromide, b.p. 72° (7.5 m m .), ?i2D6 1.4961 was prepared in 
80%  yield in a m anner sim ilar to  th a t used for m-trifluoro- 
m ethylbenzyl brom ide.

A n a l .  C alcd . for C 8H 6F 3B r: C , 40.19; H, 2.53. Found: 
C, 40.40, H, 2.56.

A tte m p te d  co n d e n sa tio n  o f  o - tr i flu o ro m e th y lb e n z y l b ro m id e  
w ith  d ib e n z y l  ca r b o b e n zy lo x y a m in o m a lo n a te . T h e procedure 
described above for the m e ta -  analog gave  a  brown oil in 
this case. T h e oil failed to  crystallize  and sim ilar procedures 
using dim ethylform am ide and tetrahydrofuran as solvents 
were also unsuccessful. A n a ttem p t to  prepare the a-am ino 
acid by hydrogenolysis o f this oily  m aterial yielded an oil 
which gave a negative ninhydrin reaction.

m -T r if lu o ro m e th y lb e n za ld e h y d e . m -Trifluorom ethylbenz- 
aldehyde was prepared in 3 8 %  yield according to  the pro
cedure of G ilm an and co-w orkers,13 b.p. 80-82° (21 m m .), 
rrD° 1.4659 ( lit .,13 b.p. 64-66° (10 m m .), n 2D° 1.4660, yield 
5 2-59 % ).

o -T r iflu o ra m e th y lb e n z a ld e h y d e . M e th o d  A . T h e  G rignard 
reagent was form ed as before from  0.5 mole of o-chloro- 
benzotrifluoride. One hour a fter the tetrahydrofuran had 
stopped refluxing, 68 g. of .V-m ethylform anilide were added 
as rapidly as the rate  of reflux would perm it. T h e  m ixture 
was stirred for an additional hour. Aqueous sulfuric acid 
(10 % ) was carefully added in sufficient q u an tity  to  decom

pose the aldehyde complex and unchanged magnesium. The 
aqueous layer was separated from  the tetrahydrofuran 
layer, extracted w ith  ether and the extract added to the 
tetrahydrofuran. T h e organic layer was neutralized w ith 
10 %  aqueous sodium bicarbonate, then -washed tw ice w ith 
water, dried over anhydrous magnesium  sulfate, filtered, 
and the filtrate concentrated on a steam  bath . T h e  liquid 
residue was distilled to  give 18 g. (20 % ) of amber-colored 
aldehyde boiling a t  6 1-6 7°  (16 m m .), re2D5 1.4640.

M e th o d  B .  o-Trifluorom ethylbenzyl brom ide (v id e  s u p r a )  
(24 g., 0.10 mole) was added to a  solution formed from  100 
cc. of absolute ethanol, 2.3 g. of sodium  and 11.6  g. of 2- 
nitropropane according to  the procedure o f H ass and B en
der20 to  yield  6 g. (3 5 % ) o f aldehyde, b.p. 72° (20 m m .), 
n 2D5 1.4640.

p -T r iflu o ro m e th y lb e n z a ld e h y d e . p-Brom obenzotrifluoride18 
(40 g.) in 50 cc. of d ry  ether was added dropwise to  a  m ixture 
of 10 g. of magnesium  in 100 cc. of d ry  ether a fter a  3-hr. 
induction period. A fter  th e reaction subsided, stirring was 
continued for 1 hr. Ar-M ethylform anilide (24 g.) was added 
as qu ickly as the exotherm ic reaction would perm it and after 
1 hr. of stirring the product was isolated in a  m anner similar 
to  th a t used for th e corresponding orth o - aldehyde ( M ethod 
A ), to  yield  the p a r a -  aldehyde (40 % ), b.p. 64.5° (13 m m .), 
n 2D° 1.4630 ( lit .20 b.p. 66-67° (13 m m .), n 2D° 1.4630).

(a) 2 -P h e n y l-4 -o -tr iflu o r o m e th y lb e n z y lid e n e -5 -o x a z o lo n e ;  (b)
2 -p h e n y l-4 -m ^ tr iflu o r o m e th y lb e n z y lid e n e -5 -o x a z o lo n e . F  reshly 
distilled e-trifluorom ethylbenzaldehyde (5 g.), 5.5 g. of 
hippuric acid, 8.5 g. of acetic anhydride, and 2.4 g. of 
sodium acetate  were treated according to  the usual pro
cedure for preparation of unsaturated azlactones21 to give 
a 3 3 %  yield of the azlactone, yellow  crystals, m .p. 132 .5- 
133.5°.

A n a l .  C alcd. for CnH ioN02F3: C, 64.35, H , 3.18. Found: 
C, 64.26, H, 3.24.

T h e m -trifluorom ethyl azlactone was prepared sim ilarly, 
in 7 9 %  yield, m .p. 138.5-139°.

A n a l .  Calcd. for CnHioNC>2F 3: C, 64.35; H , 3.18. Found: 
C, 64.76; H, 3.33.

(a) a -B e n z a m id o -p io - tr i f lu o r o m e th y lp h e n y l) a c r y lic  a c id ;  (b) 
a -b e m a m id n - fi{ m - tr i f lu o r o m e th y lp h e n y l)  a c r y lic  a c id . T h e two 
oxazolones were hydrolyzed w ith  10 %  sodium hydroxide, 
followed b y  acidification to  give acid a in 7 9 %  yield, m.p. 
184-185° and acid (b) (74 % ) m .p. 2 14 -2 15 °. B oth  compounds 
wrere recrystallized from  acetone-w ater mixtures.

A n a l .  Calcd. for C „H ,2 N 0 3F 3: C , 60.90; H, 3.61. Found, 
com pound (b): C , 60.81; H, 3.63.

(a) 2 -M e th y l- J ro -tr iflu o ro m e th y lb e n zy lid e n e -5 -o x a zo lo n e ;  (b) 
2 -m e th y l-4 -m -tr iflu o ro m e th y lb e n zy lid e n e -5 -o x a zo lo n e ;  (c)  2 -
m e th y l-4 -p - tr iflu o r o m e th y lb e n zy lid e n e -5 -o x a zo lo n e . Freshly 
prepared m -trifluorom ethylbenzaldehyde13 (41 g.), 18.6 g. 
of aceturic acid, 42 g. of acetic anhydride, and 9.6 g. of 
sodium acetate were m ixed and heated according to  a previ
ously described procedure22 to yield 2-methyl-4-m -trifluoro- 
m ethylbenzylidene-5-oxazolone (b) in 8 4 %  yield, m.p. 
130 -13 1°. T h e ortho - substituted azlactone ( a ) , prepared 
sim ilarly in 30 %  yield, m elted a t  1 1 6 -1 1 7 ° . T h e p-trifluoro- 
m ethyl azlactone (c ) m.p. 113 .5 -114 .5 °, w as obtained in 
80%  yield.

A n a l .  C alcd. for C l2H 8N 0 2F 3: C , 56.48; H, 3.16. Found: 
o rth o - com pound: C, 56.28; H, 3.14; m eta -  com pound: 
C, 56.90; II, 3 .31; p a r a -  com pound: C, 56.39; H, 3.25.

(a) a -A c e la m id o - f3 {o -tr iflu o ro m c th y lp h e n y l)  a c r y lic  a c id ;  (b) 
a -a c e la m id o - fl lm - tr i f lu o r o m e th y lp h e n y l)  a c r y lic  a c id ;  (c) «- 
a c e ta m id o - l3 (p - tr iflu o ro m e th y lp h e n y l)  a c r y lic  a c id . T h e oxazo
lones described above (10 g.) were hydrolyzed in a solvent

(20) II. B . H ass and M . L . Bender, J . A m .  C h cm . S o c ., 
7 1 , 1767 (1949).

(21) O ro. S y n th e s e s , Coll. Vol. II, John W iley and Sons, 
Inc., N ew  Y ork. N . Y . (1943), p. 55.

(22) Org. S y n th e s e s , Coll. Vol. II , John W iley and Sons, 
Inc., N ew  Y o rk . N . Y . (1943) p. 1.
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consisting of 96 cc. of acetone and 38 cc. of w ater22 to yield 
5 3 %  of ( a ) ,  m .p. 18 0 -18 1°, 8 1 %  of (6 ), m .p. 225-226° and 
5 9 %  of (c), m .p. 201.5-202.5°. T h e acids were recrystallized 
from  acetone-w ater.

A n a l .  C alcd. for C 12H 10N O 3F 3 : C, 52.75; H, 3.69. Found: 
o r t h o -  com pound: C , 53.24; H, 4.02; m e t a -  com pound: C, 
52.51; H, 3.76; p a r a -  com pound: C, 52.83; H , 3.56.

(a) N - A c e t y l - o - t r i f l u o r o m e t h y l p h e n y l a l a n i n e ;  (b) N - a . c e t y l -  

m - t r i f l u o r o m e t h y l p h e n y l a l a n i n e ;  (c) N - a c e t y l - p - t r i f l . u o r o m e t h -  

y l p h e n y l a l a n i n e ;  (d) N - b e n z o y l - o - t r i f l i i o r o m e t h y l p h e n y l a l a n i n e  

a n d  (e) N - b e n z o y l - m - t r i f l u o r o m e t h y l p h e n y l a l a n i n e .  In a 
typ ical reaction, 1 0  g. of the su bstituted acrylic  acid was 
dissolved in 9 5 %  ethanol to  w hich was added 1 g. of 5 %  
palladium  on charcoal. T h e m ixture was shaken for 3 hr. 
in th e presence of 40 lb. pressure of hydrogen. A fter filtering 
the m ixture, the colorless filtrate was concentrated i n  v a c u o  

and the solid residue recrystallized from  acetone-w ater to 
yield 8  g. of product: ( a )  m .p. 179-180 °, ( 6 ) m .p. 132 -133°, 
(c) m .p. 178 -178 .5°, ( d )  m .p. 172 -17 3 °, and (e) m .p. 16 7 - 
168°.

A n a l .  Calcd. for C 12H 12N O 3F 3 : C, 52.36; H , 4.40. Found, 
com pound (5): C , 52.49; H, 4.42.

A n a l .  Calcd. for C1 7H14NO3F3 : C , 60.53; H, 4.18. Found, 
com pound (e ): C, 60.59; H, 4.05.

(a) o - T r i f l u o r o m e t h y l p h e n y l a . l a n i n e  h y d r o c h l o r i d e ;  (b) m -  

t r i f i u o r o m e t h y l p h e n y l a l a n i n e  h y d r o c h l o r i d e ;  (c) p - t r i f l u o r o -  

m e t h y l p h e n y l a l a n i n e  h y d r o c h l o r i d e .  In  a ty p ica l reaction, 5 g.

of the V -acetylphen ylalanin e was hydrolyzed w ith  1 0 0  cc. 
of coned, hydrochloric acid under reflux for 10 hr. A fter  
concentrating the aqueous m ixture, a  w hite crystalline solid 
separated. T h e pure amino acid hydrochloride w as dried 
i n  v a c u o .  A  second crop of less pure product w as obtained 
on further concentration. T he tota l yield was 2.5 g. (5 1 % ). 
T h e A'-bcnzoyl analogs were m uch more resistant to  h y 
drolysis under a  v a rie ty  of conditions and no amino acids 
could be isolated. T h e decom position points of the 0 -, m - ,  

and p-trifluorom ethyl amino acid hydrochlorides were 190- 
195°, 199-202°, and 196-203°, respectively.

A n a l .  C alcd. for C 10H 1 1 N O 2F 3CI: C, 44.54; H, 4 .11 ; N , 
5.19. Found: o-amino acid: C, 44.32; H, 4 .15; N , 5.05; 
m-amino acid: C, 44.56; H, 4.23; N, 5.03; p-am ino acid: 
C, 44.76; H, 3.92; N, 4.65.

(a) o - T r i f l u o r o m e t h y l p h e n y l a l a n i n e ;  (b) m - t r i j l u o r o m e t h y l -  

p h e n y l a l a n i n e ;  (c) p - l r i f l u o r o m e t h y l p h e n y l a l a n i n e .  In a 
typ ical conversion, 1  g. of the amino acid hydrochloride was 
dissolved in 50 cc. of hot w ater and the resulting solution 
passed through a column of D ow ex-3 (a  w'eakly basic ion- 
exchange resin). H o t w ater was then passed th rough the 
colum n until amino acid could no longer be detected in the 
eluate (ninhydrin test). T he eluate gave a negative test for 
chloride ion. T h e  solution was distilled i n  v a c u o  on a steam  
b ath  and the resulting solid collected and dried.

C h ic a g o  16, I I I .

[C o n t r ib u t io n  f r o m  t h e  D e p a r t m e n t  o f  C h e m is t r y , W e s t  V i r g i n i a  U n i v e r s i t y ]

Condensation Reactions o f a N it ro  G roup. I I . 1 P re p a ra tio n  o f P h e n a n th rid in e -
5-oxides and Benzo(c)c inno line-l-oxide2

C H E S T E R  W . M U T H , N A Z E M  A B R A H A M , M Y R O N  L. L I N F I E L D , R O B E R T  B . W O T R IN G ,
a n d  E D W A R D  A . P A C O F S K Y

R e c e i v e d  O c t o b e r  5 ,  1 9 5 9

A dditional examples in the biphenyl series of the condensation of a nitro group in the 2-position w ith  an activ a ted  m eth yl
ene group in the 2'-position in the presence of m ethanolic sodium hydroxide have been found. T h e additional activatin g  
groups are benzoyl and benzenesulfonyl; the phenyl group did not serve as an activator. A pparently, the benzoyl and ben- 
zcnesulfonyl compounds underwent ring closure followed b y  nucleophilic displacem ent reactions b y  hydroxide ion to produce 
benzoate and benzenesulfinate ions, respectively. 2 -Am ino-2 '-nitrobiphenyl reacted w ith  both sodium hydroxide and sodium 
m ethoxide in m ethanol to yield  benzo(c)cinnoline-l- oxide. T he intram olecular reaction of a nitro group was not observed in 
appropriate test compounds outside the biphenyl series.

DISCUSSION

Recently it was reported1 that certain biphenyls 
of the following type react with methanolic sodium 
hydroxide to form 6-substituted phenanthridine-5- 
oxides. The present paper deals with syntheses and

T y p e  I R  =  C N , C 0 2C H 3, C O N H 2

(1) Paper I, C. W . M uth, J. C. Ellers, and O. F. Folm er,
J .  A m .  C l i e n t .  S o c . ,  79, 6500 (1957).

(2) Supported b y  the N atio n al Science Foundation R e
search G ran t G-4236, whose help we wish to gratefully  
acknow ledge. In  part from  the m aster’s thesis of R . B. 
W otring, 1958, and N . A braham , 1960, both from  W est 
Virginia U niversity.

testing of additional compounds to determine more 
about the generality of the foregoing ring closure 
reaction.

Three more type I compounds have been treated 
with methanolic sodium hydroxide. First, with R as 
benzoyl in 2-(benzoyl) methyl-2'-nitrobiphenyl (II) 
ring closure occurred to produce phenanthridine-5-
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oxide and sodium benzoate in nearly quantitative 
yields. Although it could not be isolated, apparently
6-benzoylphenanthridine-5-oxide formed as an 
intermediate and underwent a nucleophilic displace
ment reaction on the carbonyl carbon by the 
hydroxide ion. The foregoing cleavage reaction may 
be considered as analogous to those undergone by 
beia-keto esters and he/a-diketones.3 Efforts to 
oxidize 6-benzoylphenanthridine4 5 with peracetic 
acid to 6-benzoylphenanthridine-5-oxide were un
successful.

Second, with R as benzenesulfonyl in 2-(2'-nitro- 
phenyl)benzyl phenyl sulfone (III), a ring closure 
occurred and the products isolated were 6-hydioxy- 
phenanthridine-5-oxide and/or its tautomer, A’-hy- 
droxyphenanthridone, and benzenesulfinic acid as
2,4-dinitrodiphenyl sulfone.6 In this case 6-benzene- 
sulfonylphenanthridine-5-oxide was probably an 
intermediate which underwent a nucleophilic dis
placement at the 6- position by the hydroxide ion 
to produce 6-hydroxyphenanthridine-5-oxide or its 
tautomer6 and the benzenesulfinate ion. This 
postulate is different from the one made for the 
benzoyl compound where the attack was considered 
to occur on the carbonyl carbon.

Third, with R as phenyl in 2-benzyl-2'-nitro- 
biphenyl (IV) no ring closure occurred with sodium 
hydroxide or sodium methoxide in methanol. This 
was not surprising because the phenyl group is not 
as strong an electron-attracting group7 as the car
bonyl and sulfonyl groups. Only the stronger elec
tron-attracting groups have been found to be 
activators for the ring closure.1

When 2-amino-2'-nitrobiphenyl (V) [CH2R of 
type I replaced by NH2] was treated with either 
sodium hydroxide or sodium methoxide in methanol 
a ring closure occurred to produce benzo(c)cin- 
noline-l-oxide (VI). This condensation reaction

VI

between the nitro and amino groups required about 
two hours, which is much longer than the time 
required for the condensation reaction between the

(3) Jack Hine, P h y s i c a l  O r g a n i c  C h e m i s t r y ,  M cG raw -H ill 
B ook Co., Inc., N ew  Y ork, N . Y ., 11150, pp. 292-295.

(4) H. G ilm an and J. Eisch, J .  A m .  C h e m .  S o c . ,  79, 4425
(1957).

(5) J. D . Loudon, J .  C h e m .  S o c . .  537 (1935).
(0) T his m aterial (ealed. for C i3H 9N 0 2: C , 73.92% : H, 

4.30% : N , 6.63% . Found: C, 74.06% ; H, 4.44% : N , 6.69% ), 
was the same, as described b y  mixed m elting point and 
infrared spectrum , as th at obtained and characterized b y  
Shih-Tsung Chiang, m aster’s thesis, W est V irginia U niver
sity, 1959, in an independent study. T his w ork will be re
ported later.

(7) G. E . K . Branch and M . C alvin , T h e  T h e o r y  o f  O r g a n i c

C h e m i s t r y ,  Prentice H all, Inc., N ew  York, N. V, 1941,
Chap. Vi.

nitro and methylene groups. The foregoing was not 
unexpected because benzo(c)cinnoline-l-oxide (VI) 
has been prepared8 by the chemical reduction of 
2,2'-dinitrobiphenyl in the presence of sodium 
hydroxide.

The intramolecular reaction of a nitro group with 
a methylene group in the presence of methanolic 
sodium hydroxide did not occur with 4-(2'-nitro- 
phenyl)-3-butanonitrile (VII) or [2-(2'-nitro- 
phenyl)] benzoylacetonitrile (VIII). Likewise, in 
contrast to the behavior of 4-chloro-2-nitrophenyl- 
urea,9 o-nitrophenylacetamide did not react intra- 
molecularly with 30% sodium hydroxide.

h2 f y  0XL. L I  ii
f ' y  c ch2cn

1  ¿11, N°2 I / r ii
VII CN

i
^  VIII

The new compounds prepared and characterized
in this work are: 2-(benzoyl)methyl-2'-nitrobi-
phenyl (II); 2-(2'-nitrophenvl)benzyl phenyl sul
fide (X); 2-(2'-nitrophenyl)benzyl phenyl sulfone
(III); 2-nitro-2'-benzylbipheny 1 '(IV); ethyl 4-(2'- 
nitrophenyl)-3-keto-2-cyanobutanoate (IX ); 4-(2'- 
nitrophenyl)-3-ketobutanonitrile (VII); ethyl [2- 
(2'-nitrophenyl) Jbenzoylcyanoacetate (XI); |2-(2'- 
nitrophcnyl) ]benzovlacetonitrile (VIII): 2-nitro-2'- 
acetylbiphenyl (XII); 2,4-dinitrophcnylhydrazone 
and semi carl lazone of XII.

E X PE R IM E N T A L 10

2 - ( B e n z o y l ) m e t k y l - 2 ' - n i t r o b i p h e n y l  (II). W hen 2-nitro- 
2 '-biphen vlaeetyl chloride11 prepared from  3.00 g. (0.0117 
mole) of 2-nitro-2'-biphenylacetic acid and thionyl chloride 
was mixed with IS ml. of carbon disulfide and 3.0 g. (0.0224 
mole) of alum inum  chloride a red oil separated. F ive minutes 
later 8 ml. of benzene and 8 ml. of carbon disulfide were 
added. A fter 20 min. the m ixture was boiled for 2 min. and 
then poured onto ice and cone, hydrochloric acid. T h e re
sulting m ixture was extracted w ith  ether. T h e ether extract 
was washed w ith  cold 10 %  hydrochloric acid, 5 %  sodium 
bicarbonate, water, and saturated sodium  chloride solu
tion. A fter filtering through D rierite the solution was con
centrated b y  distillation. T h e residue crystallized to  a 
yellow  solid (3 g.) after m ost of the benzene had been re
moved.

T he bicarbonate solution was acidified to yield  0.20 g. of 
startin g acid, m.p. 113-120 °.

T he yellow solid was dissolved in hot benzene and treated 
w ith decolorizing charcoal. T o  this filtrate w as added 9 5 %  
ethanol. A fter the m ixture was cooled 1.24 g. (36 % ) of II  
as nearly w hite crystals, m.p. 98-100°, separated. A fter

(8) F. E. K in g  and T . J. K in g, J .  C h e m .  S o c . ,  824 (1945).
(9) F. J. W olf, R . M . W ilson, Jr., K . Pfister III , and M. 

Tischler, J .  A m .  C h e m .  S o c . ,  76, 4611 (1954).
(10) A ll m elting points are uncorrected unless otherwise 

stated. A ll m icroanalyses b y  G albraith  M icroanalytical 
Laboratories. K noxville, Tenn. A ll infrared absorption values 
are in y .  W e wish to thank M iss P atricia  Este]) for the infra
red data  taken in potassium  bromide wafers.

(1 1 )  G. W . M uth, W. L. Sung, and Z. B . I’apanastassiou, 
J .  A m .  C h e m .  S o c . ,  77, 3393 (1955).
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three crystallizations from methanol pale yellow crystals 
were obtained, m.p. 98-100°, infrared absorption at 5.95 
C = 0 , 6.65 and 7.45 y  NOa (chloroform).

A n a l .  Calcd. for C20H15NO3; C, 75.68; H, 4.76; N, 4.41. 
Found: C, 75.68: H, 4.74; N, 4.45.

When the foregoing reaction was conducted at reflux 
temperature for 5 hr., none of II was isolated.

2 - (B e n zo x y l)m e th y l-2 '-n itr o b ip h e n y l (II) a n d  S o d iu m  H y 
d ro x id e . As 0.27 g. (0.0068 mole) of sodium hydroxide in 6 
ml. of methanol was added to a slurry of 2-(benzoyl)methyl- 
2 '-nitrobiphenyl (II) in 6  ml. of methanol the solution color 
changed from yellow to orange-yellow. In 4 min. the tem
perature rose from 29 to 33°. The mixture was shaken inter
mittently. After 10 min. of reaction time the solid had dis
solved; after 13 min. of reaction time the solution was cooled 
with ice water; and after 20 min. of reaction time 0.50 g. 
(25%) of light pink phenanthridine-5-oxide, m.p. 223-226° 
(lit. , 1 m.p. 226-228°), m.m.p. 223-226°, was filtered.

The filtrate was concentrated by warming under reduced 
pressure to yield a purple solid which became tan after 
washing with water. The tan phenanthridine-5-oxide 
weighed 0.115 g. (57%), m.p. 220-224°, m.m.p. 222-225°, 
and its infrared spectrum was the same as the spectrum of 
phenanthridine-5-oxide. The picrate of this product melted 
at 193-198° (lit. , 1 m.p., 198-200°).

The filtrate from the tan material was extracted with 
chloroform, acidified and extracted with ether. The ether 
solution was dried and concentrated by distillation to a 
residue which was sublimed to yield 0.80 g. (63%) of benzoic 
acid, m.p. 117-120°, m.m.p. with authentic benzoic acid 
showed no depression of the former. An additional 0.023 g. 
(17%) of slightly less pure benzoic acid was also obtained.

The chloroform extract yielded 0.03 g. of bull solid, m.p. 
205-217°, m.m.p. with first crop 215-224°.

In a similar experiment with the initial temperature at 
32° the yield of phenanthridine-5-oxide obtained by filtering 
the reaction mixture after 8 min. was 40%. The total yield 
of oxide after completing the isolation process was 96%.

From another experiment in which the reactants were re
fluxed for 1 hr., phenanthridine-5-oxide, m.p. 219-227° 
(8 8%) and benzoic acid, m.p. 115-120° (91%) were obtained.

2 - (2 '- N itr o p h e n y l)b e n z y l  p h e n y l  su lfid e  (X). In duplicate 
experiments adapted from the procedure of Bost et a l . ,n  
4.00 g. (0.100 mole) of sodium hydroxide w’as added to 11.5 
g. (0.104 mole) of benzenethiol in 300 ml. of absolute 
ethanol. This mixture was added to 14.6 g. (0.05 mole) of 
2-(2'-nitrophenyl)phenylbromomethane dissolved in 50 
ml. of absolute ethanol. Mild refluxing and stirring were 
used for 1 hr. Then the solution was filtered and concentrated 
to dryness under reduced pressure. The residue was leached 
with ether and the ether was washed with sodium hydroxide 
solution, water, and saturated sodium chloride solution and 
filtered through Drierite. Evaporation of the ether yielded
15.8 g. (99%) of X as a yellow, waxy solid, m.p. 48-55°.

The analytical sample, prepared by several crystallizations 
from 70% ethanol, consisted of yellow crystals, m.p. 54-55°, 
infrared absorption at 3.2, 6.4 NO2 and 7.4 y  N 0 2 (carbon 
tetrachloride).

A n a l . Calcd. for C^HisNCkS: C, 70.90; II, 4.70; N, 4.35; 
S, 9.97. Found: C, 70.66; H, 4.79; N, 4.47; S, 10.00.

2 -{ 2 ’-N itro p h e n y V jb e n zy l p h e n y l  s u lfo n e  (III). The follow
ing procedure is modeled after a procedure of Truce and 
Knospe. 13 To 12.0 g. (0.038 mole) of X dissolved in 54 ml. 
of 1 : 1  glacial acetic acid-acetic anhydride was added 22  ml. 
(0.214 mole) of 30% hydrogen peroxide. The mixture stood 
at room temperature for 4 days and then was heated for 1.5 
hr. on a steam bath. After cooling, manganese dioxide was 
added and the solvent was removed under reduced pressure 
to yield a brown oil. The oil was extracted with 400 ml. of

(12) R. W. Bost, J. O. Turner, and R. D. Norton, ,T. 
A m . C h em . S o c ., 54, 1985 (1932).

(13) W. E. Trace and R. H. Knospe, J . A m .  C hem . Soc ., 
77,5063(1955).

absolute ether and the mixture was filtered to remove some 
brown solid. The filtrate was chromatographed on a 3 X 20 
cm. column of Aluminum Oxide Merck using 200 ml. of 
absolute ether as the developer. The eluate was concentrated 
to yield 12.5 g. (93%) of greenish yellow oil. The oil partially 
decomposed when it was vacuum distilled. The analytical 
sample was chromatographed three times; infrared absorp
tion at 6 .6  and 7.4 N 02, 7.5, 8.7, and 8 .8  S02 and 9.3 y  
(carbon tetrachloride).

A n a l .  Calcd. for CisHaNChS: C, 64.54; H, 4.27; N, 3.96; 
S, 9.07. Found: C, 64.38; II, 4.43; N, 4.07; S, 9.03.

2 - { 2 '-N iir o p h e n y l)b e n z y l  p h e n y l  s u lfo n e  (III) a n d  S o d iu m  
H y d r o x id e . After 2.01 g. (0.0063 mole) of III and 30 ml. of 
methanol containing 1.43 g. (0.036 mole) of sodium hy
droxide had been heated for 1.5 hr. on a steam bath a white 
flocculent solid separated and the mixture was concentrated 
using reduced pressure to yield a solid residue which had 
pink, white, and yellow colors. The residue was made acidic 
by adding 3.2 ml. of cone, hydrochloric acid and the resulting 
mixture was extracted with ether, filtered, and washed with 
hot water to yield 1.07 g. (80%) of 6-hydroxyphenanthridine-
5-oxide or its tautomer6 as a buff-colored solid, m.p. 250- 
255°. The ether extracts were extracted three times with 5% 
sodium hydroxide with a total volume of 15 ml. A consider
able amount of glistening white solid (A) was removed by 
filtration after the first sodium hydroxide extraction was 
made. The sodium hydroxide solution was concentrated to 
about 7 ml. volume, acidified with hydrochloric acid, and 
made slightlj' basic with sodium hydroxide. A gray solid (B) 
was removed by filtration.

The filtrate was heated for 1/2 hr. with 0.40 g. (0.0013 
mole) of 2,4-dinitrochlorobenzene and about 10 ml. of 95% 
ethanol to yield after filtering and washing with 95% 
ethanol, 0.26 g. of pale yellow solid and filtrate A. The pale 
yellow solid was leached with 2  ml. of boiling acetic acid and 
the mixture was filtered to remove a white solid. On cooling, 
the filtrate yielded 0 .1 1  g. of 2,4-dinitrodiphenyl sulfone, 
m.p. 154-156° (lit. ,6 m.p. 159-160°).

Filtrate A, solids A and B, and 0.2 g. (0.00065 mole) of
2,4-dinitrochlorobenzene were refluxed for 1/2 hr. to yield 
0.50 g. of 2,4-dinitrodiphenyl sulfone (31% combined yields 
based on III) as nearly white crystals, m.p. 155-158°. The 
foregoing yielded 0.33 g. of nearly white crystals, m.p. 
156-158°, after crystallization from acetic ac.id. In other 
experiments the yields of 6-hydroxyphenanthridine or its 
tautomer and 2,4-dinitrodiphenyl sulfone were as high as 
90% and 38%, respectively.

2 - B e n z y l-2 '-n i tr o b ip h e n y l (IV). As 6.1 g. (0.0021 mole) of 
2-(2 '-nitrophenyl)benzyl bromide was added with stirring 
to 125 ml. of benzene and 0.4 g. (0.003 mole) aluminum 
chloride an orange mixture resulted. The mixture was 
stirred for 1 day and allowed to stand 3 days before being 
poured into cold dilute hydrochloric acid. Benzene w-as 
added and the organic layer was separated, washed with 
dilute hydrochloric acid, 5% sodium carbonate, and water 
before being concentrated by distillation to yield a brown 
solid. The solid was recrystallized from ethanol to yield
4.79 g. (80%) of IV as nearly white crystals, m.p. 98-101°.

A n a l .  Calcd. for C19H15Nb>: C, 78.9; H, 5.23; N, 4.81. 
Found: C, 78.6; H, 4.95; N, 5.08.

2 -A m in o -2 '- n i tr o b ip h e n y l  (V). The methods of Purdie11 
and Badger and Sasse14 15 16 involving the reduction of 2,2'- 
dinitrobiphenyl yielded orange and red oils, respectively. 
In both cases, for purification, the oil -was dissolved in a 
minimum amount of ether and treated with a slight excess 
of 6 V hydrochloric acid. After cooling, 2-nitro-2'-aminobi- 
phenyl hydrochloride separated. Recrystallization from 
ethanol gave a light yellow product, m.p. 225-227° (lit..,1P

(14) D. J. Purdie, J .  A m .  C hem . S o c ., 63, 2276 (1911).
(15) G. M. Badger and W. F. II. Sasse, J .  C h em . S o c ., I 

(1957).
(16) A. E. S. Fairful, I). A. Peak, W. F. Short, and T. I. 

Watkins, J .  C hem . S o c ., 4709 (1952).
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m.p. 228-229°). The yellow product was mixed with am
monium hydroxide and the mixture was extracted with 
ether which after evaporation yielded a red oil. After several 
conversions from the hydrochloride to the amine a solid 
product was obtained. After three crystallizations from 
ethanol and two from benzene-petroleum ether orange crys
tals, m.p. 62-64° (lit. , 16-16 64-65°, lit. , 11 m.p. 94-94.5°), of
2-nitro-2 '-aminobiphenyl were obtained.

2 - A m in o -2 '- n i tr o b ip h e n y l  (V) a n d  s o d iu m  h y d r o x id e  or  
s o d iu m  m e th o x id e . In a three necked flask equipped with a 
reflux condenser was placed 2.00 g. (0.0105 mole) of 2-nitro- 
2 '-aminobiphenyl, m.p. 62-64°. One hundred milliliters of 
boiling IV methanolic sodium hydroxide was added and 
as refluxing was continued 25-ml. portions of the deep 
orange solution were withdrawn after 15 min., 30 min., 1 
hr. and 2 hr. Each of the 25 ml. portions was immediately 
put in an ice bath, diluted with 50 ml. of water, and allowed 
to stand for approximately 1 hr.

Each portion was treated as follows: The solid material 
and/or oil was removed by filtration or decantation and the 
filtrate (A) was saved. The solid and/or oil was leached with 
70 ml. of 3N  hydrochloric acid to remove starting material. 
The greenish yellow crystalline benzo(c)-cinnoline-l-oxide
(VI) which remained was filtered, washed with water, and 
twice crystallized from aqueous ethanol. Filtrate (A) was 
concentrated by distillation and the residue was treated as 
in the foregoing.

The yields of (VI), m.p. 137-138° or 138-139° (lit.,8 m.p. 
138°) for reaction times of 15 min., 30 min., 1 hr., and 2 hr. 
were 17%, 33%, 61%, and 92%, respectively.

In one experiment similar to the foregoing except that 
sodium methoxide was used instead of sodium hydroxide 
the results were the same after 2  hr. reaction time, but the 
yields of VI were considerably lower at the other times.

o -N itr o p h e n y la c e ty l  C h lo rid e . In a system protected from 
moisture 96 g. (0.54 mole) of o-nitrophenylacetic acid (East
man Kodak Co.) was mixed with 250 ml. of anhydrous ether 
and to this was added 213 g. of redistilled thionyl chloride. 
The mixture was refluxed for 5 min. and the resulting dark 
red solution was allowed to stand overnight. The solution 
was concentrated by distillation at atmospheric pressure at 
first and then under reduced pressure with a bath tempera
ture which did not exceed 65°. { I n  a n o th e r  a tte m p t w h e n  th is  
a c id  ch lo r id e  w a s  h ea ted  a t  8 3 ° / l - S  m m . i t  d eco m p o sed  v io 
le n t ly .)  The yield of red oil was 105.5 g. The red oil was 
shaken with 35-37° petroleum ether and separated. It 
reacted with ammonium hydroxide to produce 2-nitro- 
phenylacetamide, m.p. 160-161° (lit. , 17 160-161°).

E th y l  4 -{3 -n itro p h e n y l)-S -k e to -2 -c y a n o b u ta n o a te  (IX). The 
procedure was adapted from the method of Dornow and 
Fust. 18 In a three necked flask were placed 56.5 g. (0.50 
mole) of ethyl cyanoacetate and 375 ml. of ether, and 10 
g. (0.43 gram atom) of sodium shot was added. Vigorous 
stirring was used for 2.5 hr. during which time a white sus
pension developed. Then 50.4 g. (0.254 mole) of 2-nitro- 
phenylacetyl chloride in 50 ml. of ether was added during 
15 min. and the mixture was refluxed for 6 hr. Fifty milli
liters of ether was added during the reflux period to thin 
the slurry which was present.

Fifty milliliters of ethanol was added and the reaction 
mixture was allowed to stand overnight after which time a 
red oil had separated. The mixture was extracted three 
times with a total volume of 800 ml. of ice cold 5% sodium 
hydroxide. Some unchanged sodium was destroyed during 
the first extraction. The combined red aqueous layers were 
extracted with ether and then acidified with cold dilute 
sulfuric acid. This mixture was extracted with benzene. 
About 1 g. of brown solid was insoluble in both layers. The 
red benzene solution was dried and concentrated by distilla
tion to yield 46 g. of red oil which solidified after cooling. 
Two recrystallizations of the crude product from ethanol

(17) A. Reissert, B e r ., 41, 3814 (1908).
(18) A. Dornow and K. Fust, B e r ., 87, 985 (1954).

yielded 31.0 g. (45%) of IX as straw colored needles, m.p.
104.5-106.5°, infrared absorptions at 4.50 CN, 6.06 C = 0 ,
6.55 and 7.45 m N 0 2 (potassium bromide wafer).

This compound did not react with 2,4-dinitrophenylhy- 
drazine.

A n a l .  Calcd. fcr C13H12N 2O5: C, 56.52; H, 4.38; N, 10.14; 
neut. equiv., 276.2. Found: C, 56.30; H, 4 17; N, 9.92; neut. 
equiv., 276.8, 279.3, 277.7.

4 -{ 2 '-N itr o p h e n y l ) S -k e to b u ta n o n i tr i le  (VII). Two grams 
of IX was refluxed with 60 ml. of 3V hydrochloric acid for 
5 hr. As the mixture cooled white needle crystals separated 
as well as a small amount of brown solid, both of which were 
crystallized from ethanol. The yield of VII was 1.33 g. (90%), 
m.p. 139-140°, m.m.p. with 2-nitrophenylacetic acid (m.p. 
140°) 115-120°, infrared absorptions at 4.41 (weak) CN,
5.80 C = 0 , 6.58 and 7.42 /1 NO1 (potassium bromide wafer).

A n a l .  Calcd. for CioH8N203: C, 58.82; H, 3.95; N, 13.72; 
neut. equiv., 204.2. Found: C, 58.85; H, 3.82; N, 13.59; 
neut. equiv., 205, 206,207.

This product reacted with 2,4-dinitrophenylhydrazine to 
form fine yellow crystals, m.p. 184-186°, after recrystalliz
ation from dimethylformamide.

{ 2 -N itro p h e n y l)a c e to n e . After 2.0 g. of VII had been re
fluxed with 44 ml. of 6N  hydrochloric acid for 3.5 hr. the 
mixture was mace basic with potassium hydroxide and was 
extracted with ether. The ether extract was dried and con
centrated to yield 1.22 g. (70%) of brown solid which 
gradually melted as the temperature rose to 29° (fit. , 19 
m.p. 29°). The basic solution yielded 0.34 g. of VII, m.p.
135-140°, when it was acidified with hydrochloric acid. 
Semicarbazone, m.p. 212-214° (fit. , 19 m.p. 213-214*).

E th y l  [ 2 -{2 '^ n itro p h e n y l)]  b en zo y lcya n o a ce ta te  (XI). In a 
three necked flask equipped with an additional funnel, 
stirrer, and condenser with a soda lime tube were placed
2.54 g. (0.11 gram atom) of sodium and 100 ml. of absolute 
ether. To this was added 16.4 g. (0.145 mole) of ethyl cyano
acetate. After 2.5 hr. of refluxing and stirring all the sodium 
had been consumed and a white paste had formed. Then 2- 
(2'-nitrophenyl)benzoyl chloride11 from 27.0 g. (0.11 mole) 
of 2~nitro-2'-carboxybiphenyl in 75 ml. of ether was added 
with stirring during 1/2 hr. The color of the solution changed 
to pale orange as refluxing and stirring were continued for 
2 hr. After cooling, 30 ml. of ethanol was added and the mix
ture was refluxed for 30 min. before standing overnight. 
The mixture was extracted with one 150-ml. and three 100- 
ml. portions of 10% sodium carbonate. The basic extracts 
were acidified with dilute sulfuric acid to give a tan solid 
which was filtered, washed repeatedly with water and re- 
crystallized from ethanol to yield 14.0 g. (40%) of XI as 
fine white crystals, m.p. 135-136°, infrared absorption at
4.4 CN, 5.98 C = 0 , 6.3, 6.58 and 7.40 N 0 2, 7.8 M (chloro
form).

A n a l .  Calcd. for C18H14N 2O5: C, 63.91; H, 4.17; N, 8.28. 
Found: C, 63.72; H, 4.23; N, 8.32.

[2 -{2 '-N itro p h e n y l)] b e n zo y la c e to n itr i le  (VIII). With vigor
ous stirring 3.79 g. (0.011 mole) of XI was refluxed for 23 
hr. with 100 mL of 6 N  hydrochloric acid. Stirring without 
heat was continued for an additional 3 hr. and the mixture 
was allowed to stand for 2 days. Initially there was a white 
suspension and after 10  hr. a yellow-brown oil.

The aqueous layer was decanted from the oil and extracted 
with ether. When the oil was triturated with ether, 0.6 g. of 
white solid, m.p. 125-145°, separated. After two recrystalliz
ations from ethanol the melting point was 142-145°.

The ether extract was extracted with 10% sodium hy
droxide and then the sodium hydroxide solution was acidi
fied with hydrochloric acid to yield 0.69 g. of white solid, 
m.p. 125-135°. After two recrystallizations from ethanol 
the melting point of VIII was 142-145°. The ether layer 
was dried and concentrated to yield 1.3 g. of 2-nitro-2' 
acetylbiphenyl as a fight brown solid.

(19) F. Arndt, B. Eistert, and W. Partale, B e r ., 61, 1117 
(1928).
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In another experiment like the foregoing except, that the 
acidic material was extracted with sodium bicarbonate, the 
acidic material (VIII) which was only soluble in sodium hy
droxide was a tan solid, m.p. 135-143°, weight 0.455 g. 
(14%). The yield of 2-nitro-2'-aeetylbiphenyl, m.p. 58-01°, 
was 1.47 g. (51%).

Repeated recrystallizations of VIII from ethanol yielded 
cream-colored crystals, m.p. 144-145.5°; infrared absorption 
4.4 CN, 5.98 C = 0 , 6.3, 6.58 N 0 2, 7.40 N 0 2, 7.8 m (chloro
form).

A n a l . Calcd. for C,5H1(1N20 3: O. 67.06; H, 3.79; N, 10.52. 
Found; C, 67.72; H, 3.59; N, 10.68.

2 - A c e ty l-2 '-n i tr o b ip h e n y l (XII). The light brown solid, 
m.p. 58-61°, obtained during the preparation of VIII was

recrystallized three times from ethanol to yield nearly white 
crystals of XII, m.p. 60-61°.

A n a l .  Calcd. for C14H„N03; C, 69.70; H, 4.60; N, 5.81. 
Found; C, 69.60, 69.83; H, 4.57, 4.62: N, 5.83, 5.90.

The 2,4-dinitrophenylhydrazone of XII after two recry
stallizations from ethanol ethyl acetate consisted of orange 
crystals, m.p. 191-192.5°.

A n a l .  Calcd. for C2,iH,5N50 6: N, 16.62. Found: N, 16.88, 
16.78.

The semicarbazone of XII after three crystallizations from 
aqueous ethanol was a white powder, m.p. 214-216° dec.

A n a l .  Calcd. for C 15H h N . jO j : N, 18.78. Found: X, 18.78, 
18.97.

M o r g a n t o w n , W . V a .

[Co n t r ib u t io n  fr om  t h e  C h e m is t r y  R e s e a r c h  L a b or a to r y  o f  t h e  D e p a r t m e n t  o f  S u r g e r y ,
U n iv e r s i t y  of  W a sh in g t o n  S c h oo l  o f  M e d i c i n e ]

D erivatives o f  F luoren e. VII. New M ono and D in itro  C om pounds and Som e o f
T heir R ea ctio n s1

MOSES J. NAMKUNG and T. LLOYD FLETCHER2

R ece ived  N o v em b er 9, 195 9

New mono and dinitro derivatives of substituted fluorenes are reported with some improved routes to known compounds. 
Usefulness of the trifluoroacetyl radical on the amino group is noted both with regard to its strong directing influence and
the great, ease with which it is removed. The first triamino- and

In studying various series of fluorene compounds, 
especially ring-fluorinated -Y-2-fluorenylacetamides, 
we have found that hitherto unreported nitrations 
of some derivatives of 2-fluorenamine are ex
tremely useful in giving substances with certain 
desired positions substituted or blocked. Reduction 
of this nitro group and further nitration, followed 
by a deamination at the first position of nitration, 
has given us high over-all yields of some disub- 
stituted fluorenes by the best route available.

Like .V-2-fluorenylperfluorobutyramide,1 2 3 N- 2- 
fluorenyltrifluoroacetamide can be nitrated in the
7- position. The yields approach 90%. V-2-Fluoien- 
ylacetamide on the other hand gives a mixture of 
the 3- and 7-nitro derivatives.3-c The 7-nitro 
derivative is obtained from the latter reaction in

(1) This work was supported in part by research grant 
C-1744 from the National Cancer Institute of the U. S. 
Public Health Service. The preceding paper in this series 
is T. L. Fletcher, W. H. Wetzel, M. J. Namkung, and H. L. 
Pan. ./. ,1m. C h em . S o c ., 81, 1092 (1959).

(2) To whom communications regarding this manuscript 
should be addressed.

(3) E. Sawicki. B. Chastain, and II. Bryant, J .  O ry. C hem ., 
21,754(1958).

(4) .V-2-(9-Oxofluorenyl)acetamide gives a 90' ) yield of 
the 3-nitro derivative [N. Tshikawa and M. Havashi, 
I u k i  G osci K a y a k u  K y o k a i  S h i . 15, 405 (1957) J. For certain
2,3- or 3-substituted fluorenones (c .y . 2,3-diamino- or 3- 
amino-) which can be reduced to fluorenes in high yield, 
nitration of A'-2-(9-oxofluorenyl(acetamide, is to be preferred 
as an approach.

(5) X-2-Fluorenyl-p-toluenesulfonamide gives high yields 
of the 3-nitro isomer but hydrolysis of the tosyl group is
troublesome [N. Ishikawa and M. Hayashi, Y u k i  G & tei
K a y a k u  K y o k a i  S h i . 15, 202 (195711.

tetraminofluorene are described.

low yield following a time-consuming separation.3'4 5 
The trifluoroacetyl group is additionally useful 
because of ready cleavage. A few minutes in hot 
dilute alkali leads to almost quantitative recovery 
of high quality 7-nitro-2-fluorenamine. Anyone who 
has tried the customary dinitration of fluorene, 
separation of isomers, and monoreduction of 2,7- 
dinitrofluorene, will appreciate over-all yields of 75 
to 80% from 2-fluorenamine in three easy steps, all 
conveniently carried out in a beaker or Erlenmeyer 
flask (one-mole level customarily). 7V'-2-(7-nitro- 
fluorenyl)trifluoroacetamide can be reduced with 
Raney nickel and hydrazine hydrate6 (0.05 mole, 
90%), and the resulting amine acetylated and 
hydrolyzed in hot alkali to give the known 2- 
acet.amido-7-aminofluorene. The latter is also 
equally conveniently obtained from 2-amino-7- 
nitrofluorene by acetylation and reduction6 (0.05 
mole, 90%).

Nitration of A-2-(7-nitrofluorenyl)trifluoroacet- 
amide, of Ar-2-(3-nitrofluorenyl)trifluoroacetamide 
and dinitration of Ar-2-(fiuorenyl)trifluoroacetamide 
all gave 80 to 90% yields of ./V-2-(3,7-dinitro- 
fluorenyl)trifluoroacetamide which was readily 
hydrolyzed to the known 2-amino-3,7-dinitro- 
fluorene, identical with the hydrolysis product of 
A7 * 680-2-(3,7-dinitrofluorenyl)acetamide.'

(6) T. L. Fletcher and M. J. Namkung, ,/. D ry. C h e m ., 2 3 ,
680 (1958). Footnote4 in the table of this reference errone
ously gives the melting point of the analytical sample of 
AT-2-(7-nitrofluorenyl)trifluoroaeetamide as 201-201.5°; this 
should read 248.5-249.5°.
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Whereas it was reported7 8 that .V-2-(l ,3,7-tri- 
nitrofluorenyl)-p-toluenesulfonamide was obtained 
by nitration of 2-p-tosylamidofluorene, the same 
procedure gave us 45 to 50% yields of N-2-(3,7- 
dinitrofluorenyl)-p-toluenesulfonamide. The latter 
was also obtained by nitration of Ar-2-(7-nitro- 
fluorenyl)-p-toluenesulfonamide and of TV-2-(3- 
nitrofluorenyl)-p-toluenesulfonamide.6'8

Reduction6 of 2-acetamido-3,7-dinitrofluorene 
gave 2-acetamido-3,7-fluorenediamine and of 2- 
amino-3,7-dinitrofluorene gave us the first fluorene- 
triamine9 to be reported.

Nitration10 of 2,7-diacetamidofluorene gave the
3,6-dinitro derivative which we reduced6 to the cor
responding diamine. Hydrolysis of the diacetamido- 
dinitro compound gave 2,7-diamino-3,6-dinitro- 
fluorene which was reduced6 to the first reported 
tetraminofluorene.

We repeated the interesting nitration of 2-N,N- 
dimethylaminofluorene8 with sodium nitrite in cold 
acetic acid. These workers reported that their 
analytical sample melted at 100-103°. Before 
further work with this compound, we attempted to 
narrow the melting range by repeated crystalliza
tion from alcohol and raised this to 102.5-105.5° 
(corr.), but crops from the filtrates melted up to 
120°. Samples melting at each range were analyti
cally pure. We then found that recrystallization 
from ligroin, by the technique described below, 
gave us blocks and needles, melting at 107-108° and 
125-126.5°, respectively, both of which were 
analytically identical. Reduction6 of the lower melt
ing isomer to the amine followed by dimethylation 
with trimethyl phosphate11 gave 2,‘3-N,N,N',N'- 
tetramethylfluorenediamine identical with the prod
uct of tetramethylation of authentic 2,3-diamino- 
fiuorene. The 3-JV-acetyl and 3-iV-benzylidene 
derivatives of the 3-amino compound were also 
prepared. The same reactions were carried out on 
the other isomer giving 2-Ar,Ar-diinethy 1 amino-a;- 
aminofluorene and the corresponding tetramethyl- 
ated diamine.

Nitration of each nitrodimethylaminofluorene 
gave the same compound, 3,.r-dinitro-2-(Ar-methyl- 
N-nitroso)fluorenamine, which was reported by Bell 
and Mulholland8 as the 3,1-dinitro compound, from 
a more drastic nitration of 2-Ar,lV-dimethylfluoren- 
amine.

(7) N. Ishikawa and M. Hayashi, Y u k i  G dse i K a g a k u  
K y o k a i  S h i ,  14, 80 (1956), reported 2-acetamido-3,7-dinitro- 
fluorene, m.p. 270-272° dec.; our analytical sample melted 
at 280-281 ° dec. These workers reported that 2-amino-3,7- 
dinitrofluorene melted at 280-282° dec., whereas our ana
lytically pure sample melted at 275-276° dec.

(8) F. Bell and D. B. Mulholland, J. C h em . S o c ., 2020
(1949).

(9) Reduction of 2,4,7-trinitrofluorenonc [J. Schmidt 
and K. Bauer, B e r ., 38, 3758 (1905)1 gave 2,4,7-triamino- 
triaminofluoren-9-ol (as hydrochloride).

(10) A. Barker and C. C. Barker, J. C h em . S o c ., 870
(1954).

(11) T. L. Fletcher, M. E. Taylor, and A. W. Dahl, J.
O rg. C hem ., 20, 1021 (1955).

Since there appeared to be no direct confirmation 
that the higher melting isomer was the 1-nitro com
pound, we synthesized 1,2-fluorenediamine, a new 
compound. When the diamine was treated with an 
excess of trimethyl phosphate,11 the l,2-N,N,N',N'- 
tetramethyldiamine was produced, identical with 
the tetramethyl compound above.

2-A%V-Dimcthyl-9-oxofluorenamme was nitrated 
in a similar manner8 to give deeply purple colored
2-Ar,N-dimethyl-3-nitro-9-oxofiiiorenamine. No iso
mer was detected, although there was one (possibly 
two) yellow by-product in small yield. The main 
product was identical with the compound resulting 
from oxidation of 2-N,Ar-dimethylamino-3-nitro- 
fluorene, an oxidation effected by anil formation 
with o-nitrosotoluene, and hydrolysis.12

Reduction of 2-AT,Ar-dimethyl-3-nitro-9-oxo- 
fluorenamine with sodium borohydride13 led to the
9-ol, which was reduced6 to 2-N,A'-dimethyl, 3-(9- 
hydroxyfluorene) diamine.

E X PE R IM E N T A L 14

N-2-(7-Nitrofl<iorenyl)triflu,oroacetamide. To a suspension 
of 55.4 g. (0.2 mole) of iV-2-fluorenyltrifluoroacetamide in 
800 ml. of glacial acetic acid at 45°, 40 ml. of nitric acid 
(d ., 1.42) and 6 ml. of coned, sulfuric acid were added with 
stirring. When the mixture was heated to 55°, an exothermic 
reaction took place with a rise in temperature to 60° and 
formation of a mass of yellow needles. The stirring was con
tinued for 10 min. and the reaction mixture was allowed to 
cool to room temperature. The precipitate was filtered, 
washed with 50 ml. of cold glacial acetic acid and with water, 
and dried, giving 53.5 g. (83.5%), m.p. 245-247°. One re- 
crystallization from acetone (Darco) gave the pure product, 
m.p. 248.5-249.5°.«

N-2-(7-Acetamidoflu,orenyl)trifluoroacetamide. The preced
ing compound was reduced6 and the amine aeetylated in 
pyridine (30 min., steam bath). The product was stirred 
into water and the mixture acidified with hydrochloric acid. 
After filtration and drying a quantitative crude yield was 
obtained m.p. 315-318° (corr.) (capillary in an aluminum 
block). Two recrystallizations from alcohol gave an analyti
cal sample, m.p. 323-324° (corr.), with slight discoloration 
at 322°.

Anal. Calcd. for CnHi3F3N20 2: C, 61.08; H, 3.92; N, 
8.38. Found: C, 60.92; H, 3.80; N, 8.40.

Hydrolysis of N-2-(7-nitrofluorenyl)trifluoroacetamide. A 
suspension of 53.5 g. of the amide in 1 1. of alcohol was 
brought to a boil and 1 1. of boiling 1% aqueous sodium hy
droxide was added. All the solids dissolved, but in a few min
utes a dark red precipitate formed. After a few more minutes 
of boiling, the mixture was cooled and 2 1. of water was 
added. Upon filtration and drying, 37 g. (quantitative) was 
recovered, m.p. 228-232°. One recrystallization from ace
tone gave 25.7 g., m.p. 234-235° in the first crop. Another
9.2 g., m.p. 232-234° was obtained in further crops. The 
reported melting (joint, of 2-nitro-7-fluorenamine is 232°.15

(12) This is similar to the method using p-nitrosodi- 
methvlaniline [G. M. Bennett and E. V. Bell, Org. Syntheses, 
CoU.Vol. 11,223(1943)1.

(13) H. L. Pan and T. L. Fletcher, J. Org. Chem., 23, 
799(1958).

(14) Melting points were taken on a Fisher-Johns appara
tus and are corrected to standards. Microanalyses were done 
by Schwarzkopf Microanalytical Laboratory, Woodside, 
N. Y.

(15) O. Diels, E. Schell, and S. Tolson, Ber., 35, 3284 
(1902).
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Hydrolysis of N-2-(7-acelamidofluorenyV,trifluoroacetam,ide. 
This compound was hydrolyzed in a similar manner to give 
the known 7V’-monoacetyl-2,7-fluorenediamine.6

Trifluoroacelylation of 3-nilro-2-fliiorenamine. To a solution 
of 1 g. of 3-nitro-2-fluorenamine in 100 ml. of benzene, 0.5 
ml. of trifluoroacetic anhydride was added drop by drop. 
The mixture was heated on the steam bath for 1 hr., boiled 
down to small volume, and cooled. The yellow precipitate, 
filtered and dried, gave 1.2 g. (83.5%), m.p. 182-182.5°. 
Recrystallization from alcohol gave an analytical sample, 
m.p. 182-182.5°.

Anal. Calcd. for C16H9F3N20 3: C, 55.91; H, 2.82; N, 8.69. 
Found: C, 56.06; H, 2.72; N, 8.59.

N-2-(3,7-Dinitrofluorenyl)trifluoroacetamide. (a) Nitra
tion of N-2-(7-nitrofluorenyl)trifluoroacetamide. To a mixture 
of 30 ml. each of fuming nitric acid (d., 1.5) and glacial 
acetic acid at 30°, 6.5 g. (0.02 mole) of the above was added 
in small portions with stirring. After warming to 60°, the 
mixture was removed from the heat. Stirring was continued 
and the temperature rose to a maximum of 70°. After cool
ing to room temperature, the pale j-ellow precipitate was 
filtered, washed with water, and dried, giving 6.6 g. (90%), 
m.p. 250-255°. Recrystallization from acetic acid (Darco) 
and from toluene gave a sample, m.p 256-258° dec., 
slight discoloration at 255°.

(b) Nitration of N-2-{8-nitrofluorenyl)irifluoroacetamide. 
The 3-nitro isomer was nitrated in the same way to give a 
substance identical with the above melting point and mix
ture melting point.

(c) Diniiralion of N-2-(fluorenyl)trifluoroacetamide. To a 
mixture of 40 ml. each of fuming nitric acid (d .t 1.5) and 
glacial acetic acid at 30°, 5.6 g. (0.02 mole) of .iV-2-fluorenyl- 
trifluoroacetamide was added in small portions with stirring. 
The mixture was heated to 65° and removed from the heat. 
The temperature of the mixture rose to 70° and then gradu
ally dropped to room temperature. The pale yellow product 
was filtered off, washed with water, and dried, giving 6.3 g. 
(86%), m.p. 250-255° dec. with discoloration at 215°. 
Recrystallization from acetic acid (Darco) and from toluene 
gave an analytical sample, m.p. 257-258° dec. and with dis
coloration at 255°. The mixture melting point with the two 
nitration products above were undepressed.

A n a l .  Calcd. for Ci5H8F3N30 6: C, 49.05; H, 2.19; N, 11.44. 
Found: C, 49.24; H, 2.07; N, 11.40.

N -2 -{ 3 ,7 -D in itr o flu o r e n y l)a c e ta m id e . To a mixture of 
200 ml. each of fuming nitric acid (d.. 1.5) and glacial acetic 
acid, 22.3 g. (0.1 mole) of N-2-fluorenylacetamide was 
added in small portions at room temperature. The mixture 
was heated to 55° and allowed to stand overnight. The 
precipitate was filtered, washed with water and then alcohol, 
and dried, giving 23.5 g. (75%), m.p. 275-280° dec. One 
recrystallization from toluene (Darco) gave an analytical 
sample, m.p. 280-281° dec.,7 discoloration at 277°.

Anal. Calcd. for C,5HnN30 5: C, 57.51; H, 3.54; N,
13.42. Found: C, 57.60; H, 3.49; N, 13.20.

3,7-Dinitro-2-fluorenamine. (a) Hydrolysis of trifluoro- 
ar.etyl derivative. To a solution of 2 g. of A7-2-(3,7-dinitro- 
fluorenyl)trifluoroacetamide in 300 ml. of alcohol and 30 
ml. of acetone, 25 ml. of 1% aqueous sodium hydroxide was 
added and the mixture was boiled down to 200 ml. The red 
precipitate was filtered, washed with acetone and dried, 
yielding 1.3 g. (88%), m.p. 270-274° dec. One crystallization 
from acetone raised the melting point to 275-276° dec.7

(6) H y d r o ly s is  o f  the  a ce ty l der iva tiv e . A mixture of 5 g. 
of Ar-2-(3,7-dinitrofluorenyl)acetamide, 50C ml. of acetone 
and 100 ml. of coned, hydrochloric acid was refluxed for 20 
hr. as the solution turned dark and red needles formed. The 
solution was boiled down to 250 ml. and cooled. Filtration 
was followed by washing with dilute ammonium hydroxide. 
The dried material weighed 4.0 g. (93%), m.p. 272-276° 
dec. One recrystallization from acetone gave an analytical 
sample, m.p. 275-276° dec.7 A mixture melting point with 
the preceding hydrolysis product showed no depression.

Anal. Calcd. for Ci3H9N30 4: C, 57.56; 11, 3.34; N, 15.49. 
Found: C, 57.71; H, 3.34; N, 15.60.

N-2-(S,7-Dinitrofluorenyl)-p-toluenesulfonaniide. (a) To a 
mixture of 20 ml. of fuming nitric acid (d., 1.5) and 20 
ml. of glacial acetic acid, 3.35 g. (0.01 mole) of A'-2-fluorenyl- 
p-toluenesulfonamide was added gradually during 10 min. 
with stirring and cooling to 20°. The reaction mixture was 
then poured into water, and the precipitate filtered, washed 
with a little cold acetic acid followed by 50 ml. of alcohol, 
and dried, giving 4.2 g. of crude product. One recrystalli
zation from acetone (Darco) gave 2.2 g. (52%) of the dinitro 
compound, m.p. 226-228°. Two further rccrystallizations 
gave an analytical sample, m.p. 232.5-233.5°.

A n a l . Calcd. for CjoHuNjOeS: C, 56.46; H, 3.55; N, 9.88. 
Found: C, 56.54; H, 3.80; N, 9.65.

(b) To a nitrating mixture identical with the preceding,
3.81 g. (0.01 mole) of AR2-(7-nitrofluorenyI)-p-toluenesul- 
fonamide was added gradually at 10-20°; the precipitate 
was worked up as before giving 2.2 g. (52%), m.p. 219- 
221°. One crystallization from acetone (Darco) gave 1.8 g., 
m.p. 232-232.5°.

(c) The same procedure with Ar-2-(3-nitrofluorenjR-p- 
toluenesulfonamide gave 1.9 g. of product, m.p. 232-233°. 
Mixture melting points of this with each of the two preceding 
substances were undepressed.

N-2-(3,7-Diaminofluorenyl)acetamide. To a suspension of 
1 g. of A^-fS^-dinitrofluorenyOacetamide in a boiling mix
ture of 500 ml. of toluene and 200 ml. of alcohol, a small 
amount of Raney nickel and 2 ml. of 100% hydrazine hy
drate were added.6 The solid material dissolved gradually 
while the reaction mixture boiled down to 200 ml. at which 
point a white precipitate formed. Alcohol (200 ml.) was 
added to effect solution, and the boiling was continued (to 
200 ml.) until no alkaline vapors were detected. The nickel 
was filtered off and the filtrate boiled down to 50 ml. and 
cooled. A white precipitate was filtered off and dried, giving 
0.75 g. (82.5%), m.p. 262-265°. One recrystallization from 
methanol gave an analytical sample, m.p. 269-270°.

A n a l .  Calcd. for C16HI6N30 : C, 71.12; H, 5.97; N, 16.59. 
Found: C, 70.91; H, 6.09; N, 16.40.

2.3.7- Triaminofluorene. Reduction6 in the usual manner of 
1 g. of 3,7-dinitro-2-fluorenamine gave us 0.7 g. (90%) of 
the triamino compound, m.p. 224-227°. Two recrystalli
zations from alcohol gave an analytical sample, m.p. 230- 
232° (softeningat 229°).

A n a l .  Calcd. for C13H13N3: C, 73.90; H, 6.20; N, 19.89. 
Found: C, 73.99; H, 6.35; N, 20.05.

2.7- Diacetamido-3,6-fluorenediamine. To a suspension of 2 
g. of 2,7-diacetamido-3,6-dinitrofluorene in 500 ml. of boiling 
alcohol, 4 ml. of 100% hydrazine hydrate, and a small 
amount of Raney nickel were added.6 After 5 min., 4 ml. of 
100% hydrazine hydrate and Raney nickel were again added 
and this was repeated three more times. A yield of 1.4 g. 
(84%) was obtained which decomposed slowly above 400° 
(capillary tube in aluminum block). One recrystallization 
from dimethylformamide gave an analytical sample w'hich 
decomposed slowly above 400°.

A n a l .  Calcd. for C„Hi8N40,: C, 65.79; H, 5.85; N, 1S.05. 
Found: C, 65.91; H, 5.86; N, 18.07.

3,6-Dinitro-2,7-fluorenediamine. A solution of 2 g. of 2,7- 
diacetamido-3,6-dinitrofluorene in 8 ml. of coned, sulfuric 
acid and 2 ml. of water was heated on a steam bath for 40 
min. The reaction mixture was cooled, poured into 100 ml. 
of water, and neutralized with aqueous sodium hydroxide. 
The dark purple precipitate was filtered, washed with water, 
and dried, giving 1.5 g. (96%). One recrystallization from 
nitrobenzene gave an analytical sample, m.p. 335° (vigorous 
decomposition), in a capillary in an aluminum block.

A n a l .  Calcd. for Ci3H i0N46 4: N, 19.58. Found: N, 19.31.
2.3.6.7- Tetraminofluorene. The foregoing compound (0.7 

g.) was reduced6 to give 0.5 g. (90%), m.p. 259-262°. Two 
recrystallizations from alcohol raised the melting point to 
265-267°, with some softening and discoloration ^260°.
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A n a l . Calcd. C„H»N4: C, 69.00; H, 6.24; N, 24.76. Found: 
C, 68.92; H, 6.54; N, 24.44.

N i tr a t io n  o f  2 - N  ,N - d im e  th y  la m in a J lu o r e n e f  a n d  se p a ra tio n  
o f  iso m e rs . To a magnetically stirred solution of 104,5 g. 
(0.5 mole) of 2-Al,lV-dimethylaminofluorene in 1 L of glacial 
acetic acid, a solution of 57 g. (0.83 mole) of sodium nitrite 
in 330 ml. of Water was added gradually over a period of 15 
rnin. (iee-water bath). The solution first turned green, then 
a brick-red color and a red precipitate formed. The tem
perature wits kept at 14-16° and the reaction mixture stirred 
for 10 more min. after addition of the sodium nitrite. After 
30 min. in the ice-water bath, the precipitate was filtered, 
washed with 50 ml. of cold acetic acid and then water, and 
dried, giving 116 g. (91%), m.p. 97-105°. Recrystallization 
from alcohol ( 1 1 .) gave 106 g. in the first crop, m.p. 10 0-  
107°, and 4.4 g. in the second and third crops, m.p. 95-108°.

The mixture (106 g.) was boiled with 2.5 1. of ligroin (d ., 
0.67-0.69) and the residue was separated by decantation. 
Upon cooling, two sets of crystals, blocks, and needles 
formed. The decantate was then warmed, the needle-like 
crystals dissolved, and separation was again effected by 
decantation. The two residues from ligroin were combined 
and recrystallized from 1.4 1. of ligroin (d ., 0.72-0.74), giving
60.8 g. (47.7%), m.p. 107-108°. The decanted solution was 
cooled to form both types of crystals. The mixture was 
heated again to dissolve the needles, decanted, and the 
residue recrystallized from ligroin three times (300 ml. each) 
to yield another 11.2 g., m.p. 106-108°. From the filtrates,
l .  7 g. were recovered, m.p. 112-119°, which was combined 
with further like crops. The decanted solution was boiled 
down to 1 .2  1. and cooled, and the process continued, aided 
by the easy mechanical separation of the large blocklike 
crystals. A further 8.5 g., m.p. 106-109°, was isolated in this 
wav, and 21.0 g. of needles, m.p. 112-119°.

All of the crude higher-melting isomer (22.7 g.) was com
bined and recrystallized from methanol giving 17.8 g. 
(14.0%) in the first crop, m.p. 125-126.5°, and 2.8 g. (2.2%) 
in the second crop, m.p. 119-123°. Another recrystallization 
of the first crop from methanol gave an analytical sample,
m. p. 125.5-126.5°.

A n a l .  Calcd. for C15H14N2O.1: N, 11.02. Found: N, 10.98.
All of the 3-nitro- (lower-melting) isomer (81.2 g.) was 

combined and recrystallized from methanol, giving 71 g. 
(56.0%), m.p. 107.5-108.5°.

A n a l .  Calcd. for Ci5Hi4N2C)2: C, 70.85; H, 5.55; N,
11.02. Found: C, 70.75; H, 5.66; N, 10.80.

N i tr a t io n  o f  2 - N ,N - d im e th y la m in o - x ( - l - ) - n i t r o - f lu o r e n e  (to  
1 ,8 -d in it r o -2 - ( N - m e th y l -N -n i t r o s o ) f lu o r e n a m in e ) . To a solu
tion of 2.54 g. (0.01 mole) of 2-Ar,Ar-dimethylamino-l-nitro- 
fluorene in 50 ml. of warm (50°) glacial acetic acid, 2 ml. of 
nitric acid (d ., 1.42) vras added with stirring. The mixture 
was heated to 75° and allowed to cool. A yellow precipitate 
was filtered, washed with water, and dried, giving 2.5 g. 
(80%,), m.p. 161-164°. Two recrystallizations from alcohol 
(the first with Darco) gave an analytical sample, m.p.
166-167°.18

A n a l .  Calcd. for CwH.oNjOs: C, 53.51; H, 3.21; N, 17.83. 
Found: C, 53.59; H, 3.25; N, 17.98.

N i tr a t io n  o f  2 - N ,N - d im e th y la m in o -8 -n i tr o flu o r e n e . This was 
performed in the same way as the preceding experiment. 
The recrystallized product (crude, 8 8 %, m.p. 165-166°) 
melted at 165-166.5°. The mixture melting point with the 
above was undepressed. 18

The 3- and the 1-mononitro compounds were each reduced 
in the usual way with Raney nickel and hydrazine hydrate8 
to give, respectively, 2 -d im e th y la m in o -3 -a m in o flu o r e n e  (85- 
90%), m.p. 155-156° (analysis reported previously6), 
and 2 - d im e th y la m in o - l-a m in o f lu o r e n e  (85-90%), m.p. 151.5- 
152°.

A n a l . Calcd. for Ci5Hi6N2: N, 12.49. Found: N, 12.69.

(16) Bell and Mulholland8 by further nitration of their 
crude reaction mixture isolated l,3-dinitro-2-(A-methyl- 
A^-nitrosolfluorenamine, m.p. 165° dec.

2 ,3 - N ,N ,N ',N '- T e t r a m e th y ld ia m in o f lu o r e n e .  (a) In a 50-ml. 
pear-shaped flask, equipped with a reflux condenser and a 
mechanical stirrer through the condenser, 1.0 g. (0.0051 
tnole) of 2,3-fluorenediamine6 and 2 g. (0.014 mole) of tri- 
methylphosphate were combined and the mixture heated 
at 183° ±  2° in an oil bath for 1 hr. Sodium hydroxide 
( 1 0  ml., 1 0 % aqueous) was added and the mixture boiled 
for 5 min. and poured into 100 ml. of cold water. The pre
cipitate was filtered and dried, giving 0.6 g. (47%), m.p. 
99-102°. One recrystallization from alcohol gave a pure 
product, m.p. 101.5-102.5°.

(b) 2-DimethyIamino-3-aminofluorene (3.92 g., 0.0175 
mole) and 5.6 g. (0.04 mole) of trimethyl phosphate were 
treated in a similar manner to yield 99% of a crude product, 
m.p. 90-97°. Crystallization from ethanol and then methanol 
gave material, m.p. 101-101.5°. The mixture melting point 
with the product from (a) was undepressed.

A n a l .  Calcd. for C„H2[IN2: C, 80.91; H, 7.99; N, 11.10. 
Found: C, 80.97; H, 8.02; N, 11.10.

N -3 - (2 ~ N ',N '-D im e th y la m in o f lu o r e n y l)a c e ta m id e . 2-Di- 
methylamino-3-aminofluorene was acetylated to give a 
product, m.p. 232-233°.

A n a l . Calcd. for Ci,Hl8N,0: N, 10.52. Found: N, 10.72.
8 - N - B e n z y l id e n e - ( 2 - N ’,N '- d im e th y la m in o ) f lu o r e n a m in e . To 

a boiling solution of 1.12 g. (0.005 mole) of 2-dimethylamino-
3-aminofluorene in 50 ml. of alcohol, 0.53 g. (0.005 mole) of 
benzaldehyde was added and the mixture was boiled down 
to 10 ml. (20 min.). After cooling to room temperature, the 
yellow precipitate was filtered off and dried, giving 1.45 g. 
(93%), m.p. 128.5-129.5°. One recrystallization from 
ligroin (d ., 0.67-0.69) gave an analytical sample, m.p. 128.5- 
129.5°.

A n a l .  Calcd. for C22H20N2: C, 84.58; H, 6.45; N, 8.97. 
Found: C, 84.68; H, 6.40; N, 8.84.

2 , 1 - N , N , N ' ,N '-T e tr a m e th y ld ia m in o f lu o r e n e . (a) 2-Dimeth- 
ylamino-l-aminofluorene (2.24 g.) was methylated by the 
procedure given above, giving 2 g. (80%), m.p. 62-64°. 
Three recrystallizations from methanol gave an analytical 
sample, m.p. 66.5-67°.

A n a l .  Calcd. for C,tH20N2: C, 80.91; H, 7.99; N, 11.10. 
Found: C, 81.03; H, 8 .1 2 ; N, 11.22.

(b) A mixture of 0.8 g. of 1,2-diaminofluorenone, 16 17 0.6 g. 
of sodium hydroxide, 10  ml. of diethylene glycol, and 0 .6  
ml. of 85% hydrazine hydrate was refluxed for 3 hr., then 
the mixture was boiled without a condenser until the boiling 
point of the mixture rose to 205°, and refluxed for 2 more 
hr. The reaction mixture was cooled and poured into 50 ml. 
of water. The grayish white precipitate was filtered, washed 
with water, and dried, giving 0 .6  g. (80%) m.p. 162-180°. 
This was extracted with ligroin (d ., 0.67-0.69) and the 
ligroin evaporated to dryness. The residue was recrystallized 
twice from benzene giving 1 ,2 -d ia m in o flu o r e n e , m.p. 182- 
183° which was tetramethylated in the same way as the
2,3-isomer giving a product (two recrystallizations from 
benzene) melting at 65-66°. A mixture melting point with 
the product from (a) was undepressed.

2 -N ,N -D im e th y la m in o -3 -n i tr o -9 -o x o f lu o r e n e . (a) A solution 
of 32 g. (0.046 mole) of sodium nitrite in 80 ml. of water 
was added dropwise with stirring to 10  g. of 2 - N , IV-dimethyl- 
aminofluorenone in 600 ml. of glacial acetic acid at room 
temperature. The temperature rose slightly. Stirring was 
then continued for 30 min. The precipitate was filtered, 
washed with water, and dried, giving deep purple crystals,
6 .8  g. (56.5%), m.p. 165.5-167°.

By dilution of the filtrate with water, a yellow precipitate 
was obtained (5 g.), m.p. 130-140°, which was recrystallized 
from carbon tetrachloride twice, to give 0.7 g., m.p. 174.5- 
176°, which has not been characterized further. The second 
crop from the first crystallization (3.1 g.) melted from 128- 
135° and has not been purified further.

(17) J. W. Cook and J. S. Moffat, J .  C h em . S o c ., 1160
(1950).
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The main reaction product (6 .8  g.) was crystallized from 
alcohol to give 6.0 g., m.p. 168.5-170°.

(b) C o n d e n sa tio n  o f  2 -N ,N -d im e th y la m in o -8 -n i tr o flu o r e n e  
w ith  o -n itr o so to lu e n e 12 a n d  h y d r o ly s is  o f  the  a zo m e th in e . In a 
procedure similar to Bergmann’s, 18 using 2 drops of piperi
dine as catalyst, 2.24 g. (0.01 mole) of 2-dimethylamino-3- 
nitrofluorene and 1 .2 1  g. (0 .0 1 mole) of o-nitrosotoluene 
(Aldrich Chemical Co., m.p. 67-72°) were refluxed in 150 
ml. of alcohol for 5 hr. and the alcohol boiled down to 60-70 
ml. Upon standing, a tarry mass of crystals formed which 
appeared difficult to work with. After decanting the solution, 
fresh alcohol was added and 5 ml. of coned, hydrochloric 
acid. This mixture was refluxed for 30 min. and allowed to 
cool. The resulting crystalline precipitate was filtered and 
dried, 0.5 g., m.p. 160-167° (softening ca. 150°). Two re
crystallizations from ethanol (Darco) and one from methanol 
gave a sample melting at 167-169°, with initial melting at 
160° and immediate resolidification. Nitrogen analysis 
showed that one molecule of methanol was included. Drying 
at 125° for 3 hr. in a vacuum raised the melting point to 
169-170° with melting or softening at a lower temperature. 

A n a l .  Calcd. for C15H12N2O3: N, 10.44. Found: N, 10.28.
A mixture melting point with the nitration product from 

(a) was undepressed.
An attempt to isolate the intermediate azomethine, N - 9 -

(18) E. D. Bergmann, J .  C hem . S o c ., 1628 (1937).

(2 -d im e th y la m in o -8 -n itr o flu o r e n y lid e n e )-o - to lu id in e , was more 
successful using sodium methylate (0.65 g.) as a catalyst 
with 0 .0 1  mole of each of the reactants in boiling alcohol for 
4 hr. The initial semicrystalline tar, after decantation and 
evaporation of residual solvent, amounted to 2 .1  g. Upon 
extraction with hot methanol, filtration and cooling of the 
filtrate, 0.4 g. of a bright red substance was obtained melting 
at 125-133°. Two more recrystallizations from methanol 
raised the melting point to 129.5-131.5°.

A n a l .  Calcd. for C22H19N30 2: C, 73.93; H, 5.36; N, 
11.76. Found: C, 73.74; H, 5.12; N, 11.65.

2 -N ,N -D im e th y la m in o -3 -a m in o f lu o r e n -9 -o l . Reduction of
2 - N ,N -d im e th y la m in o -3 -n i tr o flu o r e n -9 -o l19 with Raney nickel 
and hydrazine hydrate6 gave a 95% yield of the 3-amino 
derivative, m.p. 129-133°. Two recrystallizations from 
ligroin (b.p. 30-60°) gave an analytical sample, m.p. 132- 
133°.

A n a l .  Calcd. for C16H16N 20: C, 74.97; H, 6.71; N, 11.66. 
Found: C, 74.84; H, 6.77; N, 11.83.

Sea ttle  5, W a sh .

(19) This was made by Mr. H. L. Pan, as an extension 
of our earlier study, 13 in high yield by sodium borohydride 
reduction in methanol, m.p. 126-127°.

A n a l .  Calcd. for C16H14N20 3: C, 66.65; H, 5.22; N, 10.37. 
Found: C, 66.79; H, 5.50; N, 10.50.

[Co ntribution  from  th e  R esea rch  L aboratories, Ae r o je t -G en er a l  C orporation  ]

P reparation  o f  co-Aminoalkyl Secondary N itram in es

MILTON B. FRANKEL, 1 CHARLES H. TIEMAN , 2 CLINTON R. VANNEMAN, a n d  MARVIN H. GOLD

R ece ived  O ctober 2 3 , 1 9 5 9

A method was developed for selectively converting secondary amines to the corresponding nitramines in the presence of 
primary amino groups. The method consists of three steps: (1) complete acetylation of the amino groups, (2) selective nitroly- 
sis of the amido group by treatment of the acetylated amine with a nitric acid-trifluoroacetic anhydride mixture or with 
nitrogen pentoxide in a suitable solvent, and (3) hydrolysis of the diacetamido group. In this manner, W-methyl-LS-propyl- 
enediamine, diethylenetriamine, and triethylenetetramine were converted to the hydrochloride salts of V-methyl-V-nitro-
1,3-propylenediamine, 3-nitraza-l,5-pentanediamine, and 3,6-dinitraza-l,8-octanediamine.

3-Nitrazabutylamine was the first co-aminoalkyl 
secondary nitramine to be prepared.3 It was syn
thesized by a six-step process starting with 4-aza- 
pentanonitrile. It was of interest to find a general 
method for preparing oj-aminoalkyl secondary 
nitramines which was more direct and did not 
involve the preparation of the hazardous azide.

The most direct route would be the conversion of 
an co-aminoalkyl imine to the corresponding 
nitramine:

H N 0 2

r n c h 2c h 2n h 2 — >  r n c i i 2c h 2n h 2

However, direct nitration is not feasible, as both 
the primary and secondary amino groups would be 
attacked. To circumvent this, it would be necessary 
to block the primary amino group, nitrate the

(1) To whom inquiries should be sent. Poulter Labora
tories, Stanford Research Institute, Menlo Park, California.

(2) Present address: Shell Development Company,
Modesto, California.

(3) M. B. Frankel and Karl Klager, J .  A m .  C h e m . S o c .
78,5428(1956).

secondary amine without affecting the blocking 
group or groups, and finally regenerate the primary 
amino group.

In the first approach the Schiff bases of diethyl
enetriamine with benzaldehyde and salicylaldéhyde 
were prepared. The Schiff base from benzaldehyde 
was unstable to nitric acid, but it was possible to 
prepare the nitric acid salt of the salicylaldéhyde 
derivative. However, attempts to dehydrate this 
salt to the corresponding nitramine were unsuc
cessful, this approach was abandoned.

Another route to this problem was suggested by 
the facile nitrolysis of ATA-dialkyl acetamides in 
trifluoroacetic anhydride (TFAA) :4

R R
\  HNOs \

n c o c h 3 ------- n n o 2
/  TFAA /

R R

(4) J. H. Robson and J. Reinhart, J .  A m .  C h em . S o c . 
77,2453(1955).
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Inasmuch as Ar,Af-dialkyl acetamides are stronger 
bases than N-alkyl diacetamides, it might be 
expected that the latter would be less susceptible to 
nitrolysis. In order to test this hypothesis, iV-butyl- 
diacetamide was prepared and an attempt to 
nitrolyze it to iV-acetylbutylnitramine was made:

C4H9N(COCH3)2

N 02
HNOs I
------ C4H 9NCOCH3
TFAA

As expected, this nitrolysis did not take place. On 
the basis of these results, it then seemed feasible to 
prepare w-ami noalkyl secondary nitramines in 
three steps: (1) complete acetylation of an co-amino- 
alkyl imine, (2) selective nitrolysis of the amide 
group, and (3) hydrolysis of the diacetamido 
groups:

H COCHs
I (CHsCORO I UNO,

RN(CH2)„NH2 -------------- >- RN(CH2)„N(COCH3)2 ------->
TFAA

la. R = CH3, n = 3 II
lb. R = CH2CH2NH2, n = 2
le. R = CH2CH2NHCH2CH2NH2, n -  2

N 02 n o 2
I HCl !

RN(CH2)„N(COCH3)2 — >- RN(CH2)„NH2.HC1 
III IV

The acetylation reactions were carried out by 
treating the amines with an excess of acetic anhy
dride at 10-15°. After the initial exothermic reac
tion was completed, the reaction mixture was 
refluxed under a fractionating column until the 
theoretical amount of acetic acid was collected. In 
this manner, N-meth.y\-N,N',N'-triacetyl-1,3-pro- 
pylenediamine (Ha), N,N,N',N',N"-penta,acetyi- 
diethylenetriamine (lib), and Ar,Ar,Ar',Ar',Ar7r,Ar'''- 
hexaacetyltriethylenetetramine (lie) were pre
pared.

The nitrolysis of Af,Af-dialkyl acetamides, using 
absolute nitric acid and trifluoroacetic anhydride, 
was rapid, being complete in twenty minutes at 
— 5°.4 Robson and Reinhart4 reported that the 
nitrolysis was retarded easily both by steric hin
drance from the A'-alkyl group and by electro
negative substituents. This was proved in our work, 
where it was found that the nitrolysis of Ha, lib , 
and lie  was very slow.

A series of experiments were carried out in which 
the nitrolysis mixture of lib , nitric acid, and tri
fluoroacetic anhydride was allowed to stand at 0° 
and —21° for varying lengths of time. Optimum 
yields of A',A’,Ar,,Ar,-tetraacetyl-A’,,-nitrodiethyl- 
enetriamine (Illb) were obtained after 65 hours at 
0° (91.0%) and 168 hours at -2 1 °  (87.6%). 
Shorter reaction times gave mixtures of starting 
material and product, while higher temperatures 
gave low yields. It was of interest to investigate 
other methods for carrying out this nitrolysis 
reaction. Inasmuch as the principal product of 
reaction between nitric acid and trifluoroacetic

anhydride is nitrogen pentoxide, the direct use of 
nitrogen pentoxide, prepared from nitric acid and 
phosphorus pentoxide, was investigated. Treat
ment of lib  with a solution of nitrogen pentoxide in 
methylene chloride at 0° for 65 hours gave a mix
ture of predominately starting material and some 
product. In order to determine whether this nitroly
sis reaction would proceed more readily in a polar 
solvent, nitric acid, sulfuric acid, sulfur dioxide, 
dichloroacetic acid, and trifluoroacetic acid were 
tried as solvents. No product was obtained with 
either absolute nitric acid or concentrated sulfuric 
acid. Sulfur dioxide, dichloroacetic acid, and tri
fluoroacetic acid gave lib  in yields of 68.2%, 71.4%, 
and 80.8%, respectively. The use of nitric acid and 
trichloroacetic anhydride as a nitrolysis medium 
gave only a 11.6% yield of product. Ar-Methyl-Ar- 
nitro-A,A',-diacetyl-l,3-propylenediamine (Ilia) 
and N,N,N ',N'-tetraacety\-N",N " '-d in itro tr i-  
ethylenetriamine (IIIc) were prepared in 91.0% 
and 85.7% yields, respectively, using a nitrolysis 
mixture of nitric acid and trifluoroacetic anhydride.

Hydrolysis of Ilia , Illb, and IIIc with concen
trated hydrochloric acid took place readily with the 
formation of 4-nitraza-l-pentylamine hydrochlo
ride (IVa), 3-nitraza-l,5-pentanediamine dihydro
chloride (IVb), and 3,6-dinitraza-l,8-octanediamine 
dihydrochloride (IVc). The results are summarized 
in Table I.

EX PE R IM E N T A L 5 6’6

N  , N  '- D is a l ic y l id e n e -3 -a z a - l  ,5 -p e n ta n e d ia m in e . A mixture 
of 12.4 g. (0.12 mole) of diethylenetriamine, 22.4 g. (0.18 
mole) of salicylaldéhyde, and 70 ml. of dry benzene was re
fluxed under a Dean-Stark trap. After 4 hr. the theoretical 
amount of water was collected. The solution was concen
trated i n  va cu o  and the residual oil was poured into water. 
The organic layer was extracted with methylene chloride, 
dried, and concentrated to give 23.7 g. (82.9%) of viscous 
yellow oil, ra2D9 1.6134.

In a similar manner A,A'-dibenzylidene 3-aza-l,5-pen- 
tanediamine was prepared in quantitative yield after only 
1 hr. of refluxing.

N i t r i c  a c id  sa lt o f  N  , N  '-d is a lic y lid e n e -S -a z a -1 ,5 -p e n ta n e -  
d ia m in e . A solution 3.1 g. (0.01 mole) of JVjA'-disalicylidene
3-aza-l,5-pentanediamine in 25 ml. of methanol was cooled 
in an ice-bath and 0.63 g. (0.01 mole) of 99% nitric acid was 
added. A yellow solid precipitated; it was collected, washed 
with ether, and dried to give 3.4 g. (91.0%), m.p. 152-155°, 
of product. Recrystallization from methanol gave yellow 
needles, m.p. 153-155°.

A n a l .  Calcd. for Ci8H22N 40 5 : C, 57.74; H, 5.92; N, 14.97. 
Found: C, 57.75; H, 5.79; N, 15.38.

A tte m p te d  d e h y d r a tio n  o f  the n i t r ic  a c id  s a lt  o f  N ,N '- d i s a l i -  
c y l id e n e -3 -a za - l ,5 -p e n ta n e d ia m .in e . To 175 ml. of acetic 
anhydride was simultaneously added 112.2 g. (0.3 mole) of 
the nitric acid salt of A^A'-disalicylidene 3-aza-l,5-pentane- 
diamine and 1.5 g. (0.015 mole) of 37% hydrochloric acid, 
at ambient temperature. After 2 hr. the solid had dissolved 
to give a brown solution. The mixture was hydrolyzed 
by the addition cf 300 ml. of water which caused the forma
tion of two layers. The aqueous layer was separated and ex-

(5) All melting points are uncorrected.
(6) Microanalyses by Dr. A. Elek, Elek Microanalytical

Laboratory, 4763 W. Adams Blvd., Los Angeles, Calif.
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tracted with methylene chloride. The extracts were com
bined with the water insoluble layer, concentrated and 
fractionated through a Holzman column to give 36.1 g. of 
s&licylaldehyde, b.p. 38-40°/0.55 mm., n™  1.5701; and 16.8 
g. of a yellow liquid, b.p. 88-90°/0.25 mm., n2D5 1.5309, 
whose analyses corresponded to 2-acetoxybenzaldehyde.

A n a l .  Calcd. for C9H80 3: C, 65.81; H, 4.91. Found: C, 
65.91; H, 5.02.

The aqueous phase from the reaction mixture was made 
basic and extracted with methylene chloride for 12 hr. on a 
continuous extractor. Concentration of the methylene 
chloride solution left no residue.

N  , N , N '  , N ‘ ¡ N ’-P e n ta a c e ty ld ie th y le n e tr ia m in e  (lib). To 
4080 g. (40.0 moles) of acetic anhydride was added, drop- 
wise, 515 g. (5.0 moles) of redistilled diethylenetriamine, 
keeping the temperature at 10-15° by external cooling. The 
solution was warmed to room temperature and then re
fluxed under a 20 plate Oldershaw column for 30 hr., during 
which time the theoretical amount of acetic acid was col
lected. The residue was concentrated i n  vacuo , leaving a 
viscous dark brown oil which solidified. The product was 
recrystallized from 3 1. of 2-propanol to give 823 g. (52.7%) 
of light yellow crystals, m.p. 106-108°. A second recrystal
lization gave a white solid; m.p. 109-110°.

T h e  n i t r o ly s is  o f  N ,N ,N ',N ',N " - p e n ta a c e ty ld ie th y le n e t r i -  
a m in e . A. W ith  n i t r i c  a c id  a n d  tr iflu o ro a ce tic  a n h y d r id e . To 80 
ml. (0.58 mole) of trifluoroacetic anhydride was added drop- 
wise 16.8 ml. (0.4 mole) of 98-99% technical nitric acid, keep
ing the temperature at —10 to —20°. Then 31.3 g. (0.1 mole) 
of A^AhiV'W'W'-pentaacetyldiethylenetriamine was added. 
The solid dissolved and the solution was allowed to stand 
in an ice-bath for 65 hr. The reaction mixture was concen
trated i n  vacuo . The residue was dissolved in methylene 
chloride, washed with saturated sodium carbonate solution, 
dried, and concentrated, leaving 28.8 g. (91.0%) of white 
solid, m.p. 120-122°. Recrystallization from ethanol raised 
the melting point to 122-123°.

B. W ith  n itro g e n  p e n to x id e  i n  tr iflu o ro a ce tic  a c id . The In
organic Synthesis preparation of nitrogen pentoxide7 gives 
a yield of 50% and the procedure is only applicable for 
small-scale runs. This process was modified to give improved 
yields on a larger scale. In a 2-1. glass resin pot fitted with a 
sealed stainless steel horseshoe-shaped stirrer driven by an

(7) L. F. Audrieth, Inorganic Syntheses, Volume III; 
p. 78, McGraw-Hill Book Co. New York, N.Y., 1950.

air motor, solid addition flask, and drying tube, was placed 
336 ml. (8.0 moles) of 98-99% technical nitric acid. The 
acid was cooled to —20 to —10° and 426 g. (3.0 moles) of 
phosphorus pentoxide was added portionwise from the solid 
addition flask, keeping the temperature about —10° by ex
ternal cooling. After the addition was complete, the reaction 
mixture was allowed to warm to room temperature. The 
addition flask was replaced with a distillation head and re
ceiver which was connected through a drying tube to the 
water aspirator. The reaction mixture was then stirred under 
vacuum at ambient temperature for 4 hr. The nitrogen 
pentoxide which was collected in the receiver was light 
yellow to white needles, the yield was 333 g. (77%).

A mixture of 6.26 g. (0.02 mole) of N  , N  , N '  , N '  , N ‘ -penta- 
acetyldiethylenetriamine, 12.0 g. (0.11 mole) of nitrogen 
pentoxide, and 10 ml. (0.16 mole) of trifluoroacetic acid was 
allowed to stand in an ice-bath for 43 hr., and then concen
trated i n  vacuo . Working up in the same manner as described 
in A., above, there was obtained 5.1 g. (80.8%) yield of 
product, m.p. 121-122°.

C. W ith  n itro g e n  p e n to x id e  i n  s u l fu r  d io x id e . The procedure 
was the same as in B., above, except that a glass pressure 
bottle was used for the reaction vessel.

D. W ith  n itro g e n  p e n to x id e  i n  d ich lo ro a ce tic  a c id . A mix
ture of 6.26 g. (0.02 mole) of Ar,W,i7',Ar',A'"-pentaacetyl- 
diethylenetriamme, 10.8 g. (0.1 mole) of nitrogen pentoxide, 
and 38.7 g. (0.3 mole) of dichloroacetic acid was allowed to 
stand in an ice-bath for 24 hr. The reaction mixture was 
poured on ice and a saturated sodium carbonate solution was 
added until the resulting pH of the solution was 10. The 
product was collected and recrystallized from ethanol to 
give 4.52 g. (71.4%) of white crystals, m.p. 118-120°.

S -N i tr a z a - l ,5 - p e n ta n e d ia m in e  d ih y d ro c h lo r id e  (lid). A mix
ture of 31.6 g. (0.1 mole) of Ai,W,W',W'-tetraacetyl-V"- 
nitrodiethylenetriamine and 50 ml. of 37% hydrochloric 
acid was refluxed for 4 hr. The reaction mixture was cooled 
and diluted with 50 ml. of methanol. The product was col
lected and dried to give 19.7 g. (89.1%) of white crystals, 
m.p. 259-263° dec. Recrystallization from 78% ethanol 
raised the melting point to 261-263° dec.

Acknowledgment. We are indebted to the Bureau 
of Ordnance for the financial support of this work 
and to Mr. E. R. Wilson for aid in the experimental 
work.

Azusa, Cai.i f .

[Contribution  from  th e  R ega I n stitu te , U n iversity  op L o u v a in )

P h en oxazin es. I. R in g -S u b stitu ted  D erivatives

II. VANDERHAEGHE

R ece ived  O ctober SO, 1 9 5 9

Several 2-acylphenoxazines have been prepared by a Friedel-Crafts reaction. The structure of these products is based on the
examination of the infrared and ultraviolet spectra of 2- and 3-i 
also were synthesized.

Several C-monoacylphenoxazines were prepared 
by a Friedel-Crafts reaction with 10-acetylphenox- 
azine (I). Because no method is known for the 
transformation of phenoxazines into substances of 
known structure, the formulation of our reaction 
products is based on the infrared bands typical for 
substituted benzene derivatives and supported by a

cetyl-10-ethylphenoxazine. Other 2-substituted phenoxazines

comparison of their ultraviolet spectra with those 
previously reported for phenothiazine.

Unsymmetrical trisubstituted benzene structures 
show a characteristic band in the 12.0-12.5 p 
region, while vicinal trisubstituted derivatives have 
a band in the 12.5-13.15 p  region.1’2.3 It has been 
shown that these bands are present in phenothi-
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azines having a trifluoromethyl-4'5’6'7 a fluoro-5 or a 
methylmercapto- substituent.8 These characteristic 
bands were also observed in the monomethyl- 
carbazoles.9

The bands typical for 1,2,4-trisubstituted benzene 
derivatives were present in our acylphenoxazines. 
But, as both 2- or 3- substituted phenoxazines have 
this configuration, it was necessary to prepare com
pounds with these structures.

IV c h 2- c h 2

The direct ethylation of 2-acetylphenoxazine by 
heating with ethyl iodide, a method used for the 
preparation of 2-acetyl-10-ethylphenothiazine,10 
gave only starting material. It has already been 
observed that some phenoxazines are not acidic 
enough for ethylation under these conditions.1 2 3 4 5 6 7 8 9 10 11

(1) H. W. Thompson, J .  C h em . S o c ., 328 (1948).
(2) R. B. Barnes, R. C. Gore, R. W. Stafford, and V. Z. 

Williams, A n a l .  Chem,., 20, 402 (1948).
(3) L. J. Bellamy, U ltr a r o t-s p e k tr u m  u n d  C h e m isch e  K o n -  

s t i tu t io n , Steinkopf, Darmstadt, 1955, p. 51 gives 11.63- 
12.50 p  (with 11.10-11.63 p )  and 12.8-13.3 p . R. N. Jones 
and C. Sandorfy in W. West, C h e m ica l A p p lic a t io n s  o f  S p e c 
tro sco p y , Interscience, New York, 1956, p. 391, give 12.1-
12.4 (with 11.30-11.50) and 12.8-13.15 p .

(4) N. L. Smith, J .  O rg. C h e m ., 15, 1125 (1950).
(5) A. Roe and W. F. Little, J .  O rg. C h e m ., 20, 1577

(1953).
(6) P. N. Craig, E. A. Nodiff, J. L. Lafferty, and G. E. 

Ullyot, J .  O rg. C h e m ., 22, 709 (1957).
(7) H. L. Yale, F. Sowinski, and J. Bernstein, J .  A m .  

C h em . S o c ., 79, 4375 (1957).
(8) J. P. Bourquin et al., H elv . C h im . A c ta , 41, 1061

(1958).
(9) R. E. Richards, J .  C h em . S o c ., 978 (1947).
(10) G. Cauquil and A. Casadevall, B u ll .  S o c . C h im . 

F ra n c e , 768 (1955).

It has been shown that alkylation of 2-acetyl- 
phenothiazine in the presence of sodamide gives 
poor yields, but that the same reaction could be 
effected after protection of the ketone group as a 
ketal.12 The ethylenedioxy derivative of 2-acetyl
phenoxazine (IV) was prepared according to the 
method of Salmi13 by azeotropic distillation of the 
ketone and ethyleneglycol in an inert solvent 
(benzene, toluene) in the presence of p-toluene- 
sulfonic acid. The ketal was also prepared, in better 
yield, by acid catalysed exchange dioxolanation 
with 2-methyl-2-ethyl-l,3-dioxolane (butanone cy
cloethylene ketal).14 15 From this ketal (IV), 2-acetyl-
10-ethylphenoxazine (V) was prepared by ethyla
tion in the presence of sodamide, followed by acid 
hydrolysis. 2-Acetyl-10-ethylphenoxazine was oxi
dized with sodium hypobromite to the correspond
ing acid (VI).

By analogy with observations in the carbazole16 
and phenothiazine series16'17 the Vilsmeier-Haack 
reaction was expected to yield 3-formyl-10-ethyl- 
phenoxazine (VII). Its oxime was dehydrated to 
the nitrile (VIII). This product gave, by reaction 
with methylmagnesiumiodide, the corresponding 
acetyl derivative (IX). The nitrile was also 
hydrolysed to 3-carboxy-10-ethylphenoxazine (X), 
which had the melting point of the same product 
prepared by another method.llb

We had also hoped to prepare 3-acetyl-10-ethyl- 
phenoxazine by Friedel-Crafts acetylation of 10- 
ethylphenoxazine; but the product we obtained 
corresponded to analysis for a diacetyl derivative 
(formulated as 3,7-diacetyl-10-ethylphenoxazine). 
This structure is also supported by the infrared 
spectrum (Fig. 1, Curve D). The bands typical for 
a 1,2,4-trisubstituted benzene derivative (12.16 and 
12.38 n) are present, but the strong band in the
13.0-13.6 p. region, typical for an o-disubstituted 
benzene structure3 is absent. The carbonyl band at 
5.98 p. is also double. This result is in agreement with 
the work of Cauquil and Casadevall,18 who proved 
that a Friedel-Crafts reaction with 10-methyl- 
phenothiazine gave 3,7-diacetyl-10-methylpheno- 
thiazine, and not 3-acetyl-10-methylphenothiazine, 
as has been stated.19

(11) (a) H. Gilman and L. O. Moore, J .  A m .  C h em . S o c ., 
79, 3485 (1957); (b) 80, 2195 (1958).

(12) J. Schmitt, A. Hallot, P. Comoy, M. Suquet, R. 
Fallard, and J. Boitard, B u l l .  S o c . C h im . F ra n ce , 1475 (1957).

(13) E. Salmi, B e r ., 71,1803 (1938).
(14) H. J. Dauben, B. Lôken, and H. J. Ringold, J .  A m .  

C h em . S o c ., 76, 1359 (1954).
(15) Ng. Ph. Buu-Hoï and Ng. Hoan, J .  A m .  C h em . S o c .,  

73,98(1951).
(16) Ng. Ph. Buu-Hoï and Ng. Hoan, J .  C h em . S o c ., 

1834(1951).
(17) G. Cauquil and A. Casadevall, C o m p t. r e n d ., 240, 

1784(1955).
(18) G. Cauquil and A. Casadevall, B u l l .  S o c . C h im .  

F ra n ce , 1061 (1955).
(19) A. Burger and A. C. Schmalz, J .  O rg. C h e m ., 19, 

1841 (1954).
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Fig. 1. Infrared spectra: curve A, phenoxazine; curve B, 2-acetyl-10-ethylphenoxazine (V); curve C, 3-acetyl-10-ethyl- 
phenoxazine (IX); curve D, 3,7-diacetyl-10-ethylphenoxazine. Concentration 0.5% in potassium bromide disks (approx. 0.5 
mm. thick)
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T A B L E  I

U ltraviolet  S pectra“ of Acetylph en o th iazin es  and -pheno x azines

Phenothiazine Xmax. mp (log e)

1 2-CO CH s
2 2 -C O C H 3-10-C ;H 5
3 3 -C O C H 3-IO -CH 3

4 3 ,7-d i(C O C H s)-10-C2H 5

2 4 4 .5 (4 .4 2 )
2 4 4 .5 (4 .3 5 )
23 5 (4 .2 4 ) 20 9(4 .33)

2 8 1 .5 (4 .4 4 )  
2 8 2 .5 (4 .3 3 )  

[285(4.25)] 
289 (4 .59)

3 7 4 (3 .7 4 )
40 0 (3 .90 )

Phenoxazine

5 2 -C O C H 3

6 2 -C O C H 3-10-C 2H 5
7 3-CO CH 2-10-CiH 5
8 3 ,7-d i(C O C H 3)-10-C2H 5
9 2 -C O C H 3-IO -C O C H 3

2 24 (4 .32) 
2 2 7(4 .3 0 ) [260(4.39)] 

2 6 1(4 .3 8 )

271 (4 .49)
2 7 3 (4 .4 8 )
[274(4.25)1
2 7 3 (4 .6 5 )
244(4.40 )

323 (3 .8 4 )
328 (3 .9 5)

334 (3.8 4 ) 
279 (3 .9 8 )

3 9 5 ( 4 .1 1 )
4 18 (4 .2 3 )

“ U ltraviolet m axim a were determ ined in ethanol solution. T h e figures between square brackets in<licate  a shoulder.
Pile values for compounds 2-4 are taken from ref. 18.

T A B L E  II

S u bstitu ted  P henoxazines

Substituent Y ield , N itrogen
Y X M ethod“ M .P .° % Form ula Calcd. Found

I la C O C H 3 II A 2 11-2 13 89 c „ h „ n o 2 6.63 6-70
C ( = N O H ) C H 3 H A 217-220 dec. c „ h 12n 2o 2 11 .6 6 1 1 .6 3
C O C H 3 C O O II3 A 106-108 C 16H , 3N 0 3 5 .2 4 5 .5 0

IV c —c h 3 II E 127-129 39 C .o II.s N O , 5.20 5 .5 0
/ \  

0  0 60
1 1

c h 2— c h 2
V C O C H 3 c 2h 6 E 77-79 56 C ,6H 1SN 0 2 5 .5 3 5 .7 5

C ( = N O H ) C H 3 c 2h s A 153-156 C16H16N202 10 .44 10 .16
c o c h 2c h , H A 215-216 926 C i5H,3NG2 5 .8 5 5 .9 5
C O ( C H 2)2C H 3 H A 197-198 90c C ijH isN 0 2 5 .5 3 5 .7 2
C O C 6H s H A 197-201 38 C19H13N02 4 .8 7 5.0 8

l i b C O C H o C l H A 218-219 96 C i4H ioC 1N 0 2 5 .3 7 5 .5 0
C O C R .C 1 C O C IL A 158-159 90" C 16H 12C 1N 0 3 4 .6 2 4 .98

III C O O H H E 252-254 88 C ,3H 9N 0 3 6 .1 7 6 .2 1
V I C O O H C J L E 218-220 28 C 15H , 3N 0 3 5.48 5 .2 1

c o o c 2h 6 II E 200-202 95 C u H „ N O , 5.4 8 5 .5 8
C 2H 5 II E 110 -112 83 c „ h 13n o 6.63 6.70
c 2h 5 CO CIL, E 45-48 c ,6h 16n o 2 5 .5 3 5 .70
C H O H C II3 II E 132-134 C ,4H , 3N 0 2 6 .10 5.89

C IL C (  = S ) N ^ \ ) II E 187-189 dec. 54 C 1sH 18N 20 2S 8 .58 8 .4 1

c h 2c o o h II E 192-193 dec. 83 C uH „ N O s 5 .8 1 5 .9 2

“ A : prepared b y  the m ethod (a) described for 2-acetylphenoxazine. E : see Experim ental . "  W hen an equim olecular am ount 
of propionyl chloride was used, the yield was 56 % . I t  was also prepared from 10-propionylphenoxazine (m.p. 99 -10 1°). c  An 
equim olecular am ount of bu tyrylch loride gave  7 5 % . d  W as also prepared b y  refluxing (2 hr.) 2-chloroacetylphenoxazine in 
acetic anhydride.

The infrared spectra of 2- and 3-acetyl-lO-ethyl- 
phenoxazine (Fig. 1 Curves B and C) show the 
maxima of 1,2,4-trisubstituted (12.48 and 11.28, 
12.56, and 11.32 p) and of 1,2-disubstituted benzene 
derivatives (13.60 and 13.10 p). The bands of 
asymmetrically substituted benzene structures are 
also present in the spectra of the acids VI and X 
but are weak (cf. ref. lib).

The assignment of structure is also supported by 
the ultraviolet spectra (Table I). Cauquil and 
Casadevall18 have found that 3-acetylphenothi- 
azines absorb at a much higher wave length than 
the corresponding 2-acetyl derivatives. The same is 
true for the phenoxazines. X-alkylation has prac
tically no influence on the maxima (compounds

1-2 and 5-6). Similarly, phenothiazine (254 and 318 
mp20) and 10-ethylphenothiazine (256 and 310 
mp21) have practically the same maxima. V-acetyla- 
tion brings about a shift of the maxima to a shorter 
wave length (compounds 5-9). The same phe
nomenon was also observed with 10-acetylpheno- 
thiazine (229 and 260 mp).21

Our results show that, when the amino group of 
phenoxazine is deactived by acylation, substitution 
during the Friedel-Crafts reaction occurs in one 
benzene ring at the carbon atom in the position para

(20) D . F. H ouston, E . B . K ester, and F. D e E d s, J .  

A m .  C h e m .  S o c . ,  7 1 ,3 8 16  (1949).
(21) R . D ahlbom  and J. Ekstrand, A c t a  C h e m .  S c a n d . ,  5- 

10 2(1951).
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to the oxide bridge. Substitution occurs also in posi
tion 2 with iV-acetylcarbazole,22'23 -phenothi
azine,10 25 26 27’24-27 and -9,10-dihydroacridine.28 2,8-Di- 
acetylphenothiazine could only be obtained by 
using a large excess of aluminum chloride and 
acetyl chloride.29

Friedel-Crafts reaction with IV-alkyl carbazole,30 
-phenothiazine,18 and also -phenoxazine gives a 
diacetyl derivative, with the substituents in the 
position ipara to the imino group.

Carbazole itself gives a 3,6-diacetyl derivative.30 
Phenothiazine yields 10-acetyl- and 2,10-diacetyl- 
phenothiazine.24 Substitution of phenoxazine occurs 
at the same place as with phenothiazine. The 
properties of our 2-acetylphenoxazine are identical 
with those described for a product obtained recently 
by the same method,31 32 but it has been formulated, 
without proof, as 3-acetylphenoxazine.

2-Ethylphenoxazine was obtained by Wolff- 
Kishner reduction, and l-(2-phenoxazinyl)ethanol 
by sodiumborohydride reduction of 2-acetylphen- 
oxazine. (Ha).

2-Phenoxazinyl acetic acid was prepared by hy
drolysis of the thiomorpholide, obtained by Will- 
gerodt reaction with 2-acetylphenoxazine. The de
carboxylation of this acid to 2-methylphenoxazine 
did not proceed satisfactorily.

2-Phenoxazine carboxylic acid (III) was prepared 
by alkaline hydrolysis of the pyridine addition 
product of 2-chloroacetyl-10-acetylphenoxazine (c/. 
ref. 25,27, 32).

E X PE R IM E N T A L 33

2 - A c e ty lp h e n o x a z in e  (Ha), (a). A suspension of 22.5 g. 
(0.10 mole) of 1O-acetylphenoxazine in 400 ml. of carbon 
disulfide was added slowly and with stirring to 40 g. (0.3 
mole) of powdered aluminum chloride. After refluxing for 
1 hr., 11.7 g. (0.15 mol) of acetyl chloride was added at a 
rate sufficient to maintain boiling. The mixture was refluxed 
with stirring for another 2 hr. and, after cooling, the solvent

(22) S. G. P. Plant and S. B. C. Williams, / .  C h em . S o c . 
1142(1935).

(23) L. Ruberg and L. Small, J .  A m .  C h em . S o c ., 60, 1591 
(1938); 63, 736 (1941).

(24) R. Baltzly, M. Harfenist, and F. J. Webb, J .  A m .  
C h em . S o c ., 68, 2679 (1946).

(25) A. Burger and J. B. Clements, J .  O rg. C h e m ., 19, 
1113(1954).

(26) S. P. Massie, I. Cooke, and W. A. Hills, J .  O rg. 
C h e m ., 21,1007(1956).

(27) J. Schmitt, J. Boitard, P. Comoy, A. Hallot, and P. 
Suquet, B u l l .  S o c . C h im . F ra n ce , 938 (1957).

(28) L. J. Sargent, J .  O rg. C h e m ., 22, 1494 (1957).
(29) J. G. Michels and E. D. Amstutz, J .  A m .  C h em . 

S o c ., 72,888(1950).
(30) S. G. P. Plant, K. M. Rogers, and S. B. C. Williams. 

J .  C h em . S o c ., 741 (1935).
(31) P. Müller, Ng. Ph. Buu-Hol, and R. Rips, ./. O rg. 

C h e m ., 24,37 (1959).
(32) S. P. Massie, P. K. Kadaba, and C. Smith, J .  O rg. 

C hem ., 24,251(1959).
(33) All melting points are uncorrected. The micro

analyses were performed by Dr. A. Bernhardt, Mülheim, 
Germany, and the infrared spectra were obtained by Dr. Z. 
Hainski, S.E.R.A.I. Laboratories, Brussels.

was decanted. The gummy residue was decomposed with 
crushed ice and cone, hydrochloric acid. The precipitate 
was filtered, wrashed, and suspended in 200 ml. of glacial 
acetic acid and 50 ml. of 20% hydrochloric acid and refluxed 
for 10 min. The precipitate was filtered, washed with water, 
and dried, 22 g., m.p. 209-212°. By continuous extraction 
with 250 ml. of benzene, 20.2 g. (89%) of greenish yellow 
crystals were obtained, m.p. 211-213°.

When aluminum chloride was added to a suspension of 
equimolecular amounts of acetyl chloride and 10-acetyl- 
phenoxazine in carbon disulfide, the yield was only 55%.

In one experiment, 2 ,1 0 -d ia c e ty lp h e n o x a z in e  was isolated 
before hydrolysis. Recrystallization in ethanol gave a white 
product with a melting point of 106-108°.

The o x im e  of 2-acetylphenoxazine was prepared by re
fluxing with hydroxylamine hydrochloride in pyridine- 
ethanol solution: m.p. 217-220° dec.

(b) A suspension of 2.6 g. of 2-chloroacetylphenoxazine 
and 3.2 g. zinc powder in 20 ml. of glacial acetic acid was 
heated with stirring at 90-95° during 2.5 hours. After re
fluxing for a shert time, zinc was removed by filtration and 
washed with 10 ml. of hot acetic acid. After cooling, 1.7 g. 
(75%) of greenish-yellow crystals, m.p. 213-215°, were 
obtained.

(c) Aluminum chloride was added to a solution of phenox- 
azine and acetyl chloride in carbon disulfide, as described 
by Muller.31 The portion boiling at 215-230°/17 mm. was 
recrystallized from ethanol and gave 5.5 g. of 10-acetyl- 
phenoxazine, m.p. 142-145°. The portion boiling at 255- 
280°/17 mm. gave upon recrystallization in ethanol, 5.5 g. 
of yellow crystals, m.p. 100-130°. This material was re
fluxed in 25 ml. acetic acid and 6 ml. of 20% hydrochloric 
acid for 10 min., and gave, upon cooling, 4.20 g. of a product 
melting at 212-214°. Recrystallization in ethanol yielded 
greenish-yellow crystals, m.p. 214-216°, undepressed upon 
admixture of 2-acetylphenoxazine prepared by method a.

P h e n o x a z in e -2 -c a rb o x y lic  a c id  (III). A 54-g. sample (0.18 
mole) of 2-chloroacetyl-10-acetylphenoxazine was dissolved 
by heating in 200 ml. of pyridine. The solution was kept at 
90° for 10 min., cooled, and poured into 500 ml. dry ether. 
The precipitate was filtered, washed with 150 ml. of ether, 
and dissolved in 150 ml. of hot ethanol. The solution was 
made basic by adding 500 ml. of 10% sodium hydroxide solu
tion, refluxed for 10 min., distilled under reduced pressure 
to remove most of the alcohol, and acidified with 20% hy
drochloric acid, to yield 38 g. (88%) of a tan-colored product, 
m.p. 242-244°. Recrystallization in ethanol-water raised 
the melting point to 252-254°.

The acid was transformed into the e th y l ester by refluxing 
for 12 hr. in hydrochloric acid-absolute ethanol. The melting 
point of the dark green product was 200-202°.

2 -E th y lp h e n o x a z in e . A mixture of 64.5 g. of 2-acetyl- 
phenoxazine and 53 ml. 80% hydrazine hydrate in 270 ml. of 
ethylene glycol was refluxed for 30 min. A solution of 48 g. 
of potassium hydroxide in 110 ml. of ethylene glycol was 
added and refluxed for another hour. Water and ethylene 
glycol were distilled until a boiling point of 190-195° was 
reached; refluxing was continued for 3 hr. The solution was 
cooled, and after adding 600 ml. of ethanol and 1200 ml. of 
water, the precipitate was collected. A small amount of 
product that had sublimed during distillation and refluxing 
was washed whh dilute acid and filtered. The wet products 
were dissolved in benzene, the water layer was removed, 
and the organic solution was dried. After evaporation of the 
solvent, the product was distilled, 50 g. (83%) b.p. 170°/ 
0.7 mm. m.p. 108-110°. After sublimation at 140° (bath tem- 
perature)/0.5 mm. the melting point of the white product 
was 110-112°.

2 -E th y l-1 0 -a c e ty lp h e n o x a z in e . - 2-Ethylphenoxazine was 
refluxed (3 hr.) with acetic anhydride. The solution was 
decomposed with water, and after standing for several 
weeks, the product crystallized. After three recrystallizations 
in ethanol-water, the melting point was 45-48°.
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2 ,1 0 -D ie th y lp h e n o x a z in e  was a lightly colored oil, distilling 
at 160°/0.25 mm., that did not crystallize in the refrigerator. 
It w-as prepared by refluxing (3 hr.) equimolecular amounts 
of sodamide and 2-ethylphenoxazine in toluene with 1 .6  
moles of ethyl iodide. Ethylation in liquid ammonia gave a 
dark product, that decomposed upon distillation.

1 -  (2 -P h e n o x a z in y l)e th a n o l. A 750-mg. sample of sodium 
borohydride dissolved in 20 ml. of isoprcpanol was added 
to a solution of 2 .8  g. of 2-acetylphenoxazine in 80 ml. of 
dioxane. The mixture w-as stirred for 2  hr., then heated on 
the waterbath for an y 2 hr.; after cooling, the excess hydride 
was decomposed with acid. After concentrating i n  va cu o  
and adding water, 2.25 g. of a product melting at 90-100° 
was obtained. After recrystallization in benzene-petroleum 
ether, and cyclohexane-benzene, the melting point of the 
light rose colored product was 132-134°.

Reduction with lithium aluminum hydride in ether gave 
only a very dark product. There was no uptake of hydrogen 
when a dioxane solution of 2 -acetylphenoxazine was shaken 
in the presence of platinum (Adams) catalyst.

2 - A c e ty lp h e n o x a z in e  cyc lo e th y len e  h e ta l (IV). (a) A mix
ture of 20  g. 2-acetylphenoxazine, 160 ml. ethylene glycol, 
500 ml. toluene (distilled over sodium) and 600 mg. p -  
toluenesulfonic acid monohydrate was distilled during 7 hr. 
During the operation, the upper phase of the distillate was 
returned to the flask.

The contents of the flask were cooled, neutralized with a 
sodium bicarbonate solution, washed with water, and dried 
over sodium sulfate. The filtered solution was evaporated 
to dryness, under reduced pressure, and the residue w-as 
taken up with 200 ml. of benzene. The unchanged acetyl- 
phenoxazine (2  g.) w-as filtered and the filtrate was poured 
into a column of silica gel (2  cm. diameter, 18 cm. height). 
The ketal was eluted w-ith benzene (500 ml.). After evapora
tion of the solvent 9.4 g. (39%) of greenish crystals, m.p. 
118-126°, was obtained. After recrystallization in ethanol, 
the melting point w-as 127-129°.

(b) A mixture of 10 g. of 2-acetylphenoxazine, 100 ml. of 
2-methyl-2-ethyl-l,3-dioxolane, and 500 mg. p-toluene sul
fonic acid monohydrate was heated, and the liberated buta- 
none, admixed with the reactant dioxolane, w-as distilled 
slowly through a short Vigreux column for a period of 5 hr. 
(15 ml. distillate). The contents of the reaction flask were 
diluted w-ith 10 0  ml. of benzene, neutralized with sodium 
bicarbonate, and further worked up as described under a. 
Yield: 7.30 g. (60%), m.p. 120-126°.

2 -A c e ty l-1 0 -e lh y lp h e n o x a z in e  (V). To a solution of 10.8 
g. (40 mmoles) of 2-acetylphenoxazine cyclo ethylene ketal 
in 15 ml. toluene w-ere added 1.60 g. (40 mmoles) of sodamide, 
and the mixture w-as refluxed with stirring for 1/ i hr. A 10- 
g. sample (80 mmoles) of ethyl iodide w-as added and re
fluxing w-as continued for 2 hr. After w-ashing with water 
and drying, the solvent was removed under reduced pressure 
and the residue was refluxed for 15 min. in 50 ml. ethanol 
and 10  ml. 3.5% hydrochloric acid solution. After diluting 
with water, the suspension was extracted with 500 ml. of 
benzene. The yellow insoluble product at the interphase was 
separated and identified as unchanged 2-acetylphenoxazine 
(0.64 g., m.p. 209-212°). The benzene solution, after wash
ing and drying, was concentrated to a volume of 100  ml., 
and another 0 .6 6  g. of 2-acetylphenoxazine, m.p. 208-216°, 
was filtered. The filtrate w-as poured onto a column of silica 
gel (diameter 2 cm., height 17 cm.), and the product was 
eluted with benzene. The solution was concentrated to a 
small volume and the product was precipitated by addition 
of petroleum ether, 5.7 g., m.p. 65-70°. After recrystalliz
ation in ethanol-water and in methanol, 4.0 g. of yellow- 
crystals, m.p. 77-79°, w-as obtained.

An attempt to prepare 2-acetyl-10-ethylphenoxazine by 
heating 2-acetyl-phenoxazine with ethyl iodide in absolute 
ethanol at 1 2 0 ° gave only starting material.

1 0 -E th y lp h e n o x a z in e -2 -c a r b o x y lic  a c id  (VI). A 2.37-g. 
sample (0.79 ml. = 15 mmoles) of bromine w-as dissolved 
in a cold (0°) solution of 1.60 g. (40 mmoles) of sodium hy

droxide in 15 ml. water. A solution of 1.25 g. (5 mmoles) of 
2-acetyl-10 -ethylphenoxazine in 10  ml. dioxane was added, 
and the mixture was stirred at 0° for 30 min., and at room 
temperature for 60 min. The dioxane w-as distilled, under 
reduced pressure, at a bath temperature of maximum 50°, 
and the excess hypobromite was decomposed with a small 
amount of sulfite. The alkaline solution was extracted with 
ether; upon acidification of the aqueous solution, 400 mg. 
of a tan product, m.p. 215-217° dec., were obtained. Re
crystallization in ethanol-water raised the melting point to 
218-220°.

0 - (2 -P h e n o x a z in y l) th io a c e to m o rp h o lid e . A mixture of 1 1 .2  
g. (0.05 mole) of 2-acetylphenoxazine, 2.56 g. (0.08 mole) 
of sulfur, and 20  ml. freshly distilled morpholine was refluxed 
for 11 hr. After cooling overnight, 50 ml. of ethanol were 
added to the solid mass, which was filtered; 8.80 g. (54%) 
of a light tan product, m.p. 187-189° dec., were obtained. 
It was unchanged upon recrystallization in ethanol.

2 - P h e n o x a z in y l  a ce tic  a c id . A mixture of 8  g. ^-(2-phenoxa- 
zinyl)thioacetomorpholide and 135 ml. of 10% alcoholic 
potassium hydroxide was refluxed for 14 hr. The solution 
was diluted with 270 ml. water and acidified with hydro
chloric acid. The precipitate was filtered and crystallization 
from ethanol-water gave 5.2 g. (83%) of a tan product m.p. 
185-189° dec. By recrystallization in ethanol the melting 
point was raised to 192-193°.

A 1-g. sample of the product w-as decarboxylated by heat
ing at 195° in an oil bath. It was sublimed i n  vacuo , and the 
sublimate was taken up in benzene. The residue (140 mg.) 
obtained by evaporation of the solution, melted at 122-130°. 
It was resublimed i n  vacuo , and recrystallized, but the melt
ing point remained undefinite (128-140°).

3 -  F o rm y l-1 0 -e th y lp h e n o x a z in e  (VII). A mixture of 31 g. 
of 10 -ethylphenoxazine, 2 1  g. of .V-methylformanilide, 2 1  
g. of phosphorus oxychloride, and 30 ml. o-dichlorobenzene 
was heated on the steambath for 4 hr. After addition of a 
solution of 90 g. of sodium acetate in 200 ml. water, the 
volatile products w-ere removed by steam distillation. The 
residue was dissolved in a large volume of benzene. This 
solution, after drying, gave upon concentration, 11.3 g. of 
green crystals, m.p. 130-132°. A further crop was obtained 
by adding petroleum ether to the filtrate; 19 g., m.p. 110- 
115°. By recrystallization in an ethanol-benzene-petroleum 
ether mixture 6.0 g. of a product, m.p. 127-133°, were ob
tained. Total yield: 50%.

1 0 -E th y lp h e n o x a z in e -3 -a ld o x im e . A mixture of 1 2  g. (50 
mmoles) of 3-formyl-10-ethylphenoxazine and 10.35 g. 
(150 mmoles) of hydroxylamine hydrochloride was warmed 
w-ith 75 ml. of pyridine for 30 min. The mixture was poured 
into w-ater and the green crystals were filtered, 12.5 g., m.p.
152-154°, unchanged upon recrystallization in ethanol- 
water.

A n a l .  Calcd. for C15H14N2O-: N, 11.02. Found: N, 10.87.
S -C y a n o -1 0 -e th y lp h e n o x a z in e  (VIII). A 16.9-g. sample 

of 10-ethylphenoxazine-3-aldoxime was refluxed with 160 
ml. acetic anhydride for 2 hr. The solution was poured into 
ice water and the product was extracted with ether. The 
solution was washed, dried, and evaporated, and the residue 
was distilled i n  va cu o  (1.5 mm.) 10.5 g. (67%), m.p. 123- 
125°, unchanged upon recrystallization in ethanol-water.

A n a l . Calcd. for Ci5Hi3N 20: N, 11.81. Found: N, 11.95.
3 -C a rb o x y -1 0 -e th y lp h e n o x a z in e  (X). A solution of 1.78 g. 

of 3-cyano-10-ethylphenoxazine in 75 ml. of ethanol was 
refluxed w-ith 18 ml. of 2 0 % sodium hydroxide solution for 
7 hr. The mixture was diluted with 18 ml. of water, the 
ethanol was distilled and the solution was acidified. The 
oily precipitate became solid after stirring with dilute hydro
chloric acid. The product w-as filtered and gave upon crys
tallization in ethanol-water 1.30 g. (65%) of tan colored 
crystals, m.p. 200-202° dec. Further recrystallization in the 
same solvent mixture raised the melting point to 204-206°. 
Gilman and Moorellb give 207.5-210.5° for the same product 
prepared by a different method.

A n a l .  Calcd. for C15H13N 03: N, 5.48. Found: N, 5.59.
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The acid was transformed into the ethyl ester by refluxing 
for 20 hr. with hydrochloric acid-absolute ethanol. The 
melting point of the green crystals, after recrystallization in 
ethyl acetate-petroleum ether, was 86-89°.

A n a l .  Calcd. for CnHnN03: N, 4.94. Found: N, 5.09.
8 -A c e ty l-1 0 -e th y lp h e n o x a z in e  (IX). A 0.72-g. sample 

(30 mmoles) of magnesium was treated in a nitrogen atmos
phere, with 0.426 g. (20 mmoles) of methyl iodide in 15 ml. 
of anhydrous ether. A solution of 4.8 g. (20 mmoles) of 3- 
cyano-10-ethylphenoxazine in 50 ml. of benzene was added 
and refluxed with stirring for 2 hr. After cooling to 0°, 10 ml. 
of 6 N  hydrochloric acid was slowly added, and the mixture 
was refluxed, with stirring, for 6 hr. The benzene layer was 
removed, the brown precipitate was filtered and dissolved 
in ethanol. The solution was acidified with 10 ml. of 6 N  
hydrochloric acid and refluxed for 6  hr. After diluting with 
water, the product was extracted with benzene. The com
bined benzene solutions were washed, dried, and evaporated. 
The residue was distilled i n  va cu o  (250°/0.7 mm.). The prod
uct (2.43 g., m.p. 145-150°) was recrystallized from ethanol, 
and gave 1.8 g. (33%) of yellow crystals, m.p. 153-154°.

A n a l .  Calcd. for C16H15NO2: N, 5.53. Found: N, 5.48.
The melting point of the o x im e  is 175-178°.
A n a l . Calcd. for C16H16N 2O2: N, 10.44. Found: 10.66.
3 ,7 -D ia c e ly lp h e n o x a z in e . To a solution of 18 g. (0.085 

mole) of 10-ethylphenoxazine and 6.89 g. (0.085 mole) of 
acetyl chloride in 300 ml. of carbon disulfide were added, 
slowly and with stirring, 34.5 g. (0.26 mole) of powdered

aluminum chloride. After refluxing, with agitation, for 8  hr., 
the solvent was decanted and the residue was decomposed 
with crushed ice and cone, hydrochloric acid. The oily layer 
was extracted with ether; this solution gave, after evapora
tion and purification over a column of silica gel, 5 g. of un
changed 10-ethylphenoxazine. The ether insoluble residue 
(7.70 g., m.p. 160-165°) was extracted with benzene. The 
green insoluble product (2.2 g., m.p. 170-174°) gave upon 
recrystallization in ethanol 3,7-diaeetyl-10-ethylphenoxa- 
zine, m.p. 178-180°. The benzene solution was filtered 
through a silica gel column and another 0.5 g. of unchanged
10-ethylphenoxazine was eluted with benzene. The 3,7- 
diacetyl-10 -ethylphenoxazine was eluted with acetone. 
After evaporation and crystallization in ethanol, 2 g. of 
yellow green crystals, m.p. 178-180°, were obtained. The 
solutions of this product were strongly fluorescent.

A n a l .  Calcd. for Ci8HnN03: N, 4.76. Found: N, 5.26.
The o x im e  was prepared by reaction with hydroxvlamine 

hydrochloride in pjridine-ethanol, and had melted at 236- 
237° dec.

A n a l .  Calcd. for Ci8Hi9N30 3: N, 12.96. Found: N, 12.28.
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P reparation  o f  S u b stitu ted  4 ,9 -N ap h th (2 ,3 )im id azo led ion es

JAMES M. WILBUR, Jr., and ALLAN R. DAY

R e c e iv e d  O ctober 2 8 , 1 9 5 9

A number of substituted 4,9-naphth(2,3)imidazolediones have been synthesized. Solubility in fatty oils has been in
creased by introducing substituents of high carbon and hydrogen content in the 2- position. Increased solubility in water was 
effected by introducing the hydroxyl or carboxyl group in the side chain in the 2- position and by introducing an amino group 
into the 5- position.

A number of 2-substituted-4,9-naphth(2,3)- 
imidazolediones have been prepared by Hoover and 
Day.1 Certain of these compounds have a marked 
inhibiting effect on the growth of mutant micro
organisms.2

In general, the 2-substituted-4,9-naphth(2,3)- 
imidazolediones are difficultly soluble and are not 
easy compounds to test. In this particular investi
gation it was decided to introduce substituents 
which would increase either solubility in fats or solu
bility in water. Long chain alkyl groups were intro
duced into the 2- position. 2-Dodecyl-, 2-hexa- 
decyl-, and 2-chaulmoogryl-4,9-naphth(2,3)-imida- 
zoledione were preparred by the general procedure 
described by Hoover and Day.1 These compounds, 
compared with the 2-methyl derivative, are more 
soluble in fatty oils. 2-(2'-Phenylvinyl)-4,9-naphth-
(2,3)imidazoledione, and 2-hydroxymethyl-4,9 
naphth(2,3)imidazoledione were prepared by the 
same procedure. The last two were prepared as pos

(1) J. R. E. Hoover and A. R. Day, J .  A m .  C h e m . S o c . 
76,4148(1954).

(2) A. R. Day, T r a n s .  N e w  Y o r k  A c a d . S r i . ,  20, 4 (1957).

sible intermediates for making other compounds. 
It is interesting to note that the 2-hydroxymethyl 
compound is quite unreactive and it was impossible 
to make the corresponding chloromethyl or bromo- 
methyl compound by the usual methods. The un
reactivity of the 2-hydroxymethyl derivative in this 
series is similar to the unreactivity of 2-hydroxy- 
methylnaphth(2,3)-imidazole noted by Brown.3

The preparation of these compounds may be out
lined as follows:

NHs
2,3-dichloro-l, 4-naphthoquinone---------->

C.HsOH
2-amino-3-chloro-l,4-naphthoquinone

I
I +  RCOC1---->  2-acylamino-3-chloro-l,4-naphthoquinone

II
II in CsHsNCh +  NH3 — >■

2-acylamino-3-amino-l, 4-naphthoquinone
III

III +  NaOH--
2-substituted-4,9-naphth(2,3)imidazoledione

(3) D. J. Brown, J .  C h em . S o c ., 1974 (1958).
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Two approaches were used to increase solubility 
in water: (1) introduction of a carboxyalkyl
group in the two position; and (2) introduction of 
an amino group in the benzene ring of the 4,9- 
naphth(2,3)imidazoledione. 2-(4')-Carboxylbutyl-
4,9-naphth(2,3)imidazoledione was prepared by 
the usual method.1 The sodium salt of this acid is 
quite soluble in water.

To introduce an amino group into the benzene 
ring, 4,9-naphth(2,3)imidazoledione was first 
nitrated with fuming nitric acid in concentrated 
sulfuric acid. In order to determine ohe position of 
the nitre group it was necessary to synthesize 5- 
nitro-4,9-naphth(2,3)imidazoledione from the 
known compound 5-nitro-2,3-dichloro-l,4-naphtho
quinone.4 5 The two nitre compounds nave the same 
decomposition range and infrared spectra. The 
product of direct nitration therefore must be 5- 
nitro-4,9-naphth(2,3)imidazoledione. The corre
sponding 5-amino derivative was most conveniently 
prepared by reducing 5-nitro-2,3-dichloro-l,4-naph
thoquinone with stannous chloride and reoxidizing 
the resulting amino hydroquinone with ferric chlo
ride to 5-amino-2,3-dichloro-l,4-naphthoquinone. 
The latter was then converted to the corresponding 
imidazole by the usual procedure.1

These compounds are being examined for physio
logical activity at the University of Penns3*lvania.

E X PER IM EN TA L

The melting points reported are uncorrected values.
P r e p a r a t io n s  o f  2 -a c y la m in o -S -c h lo r o - l ,4 -n a p h th o q u in o n e s  

( 7'able I ) .  2 -D o d e c a n o y la m in o -3 -c h lo r o -l , 4 -n a p h th o q u in o n e ,
(I), was prepared from 2-amino-3-chloro-l,¿naphthoqui
none and lauroyl chloride in the presence of hydrogen chlo
ride.1 The mixture was heated at 160-170° for 2 hr. The re
sulting solid was broken up, washed with ether, recrystal
lized from ethanol and finally from benzene anil benzene- 
petroleum ether. The product was obtained as yellow 
needles.

2 -H e x a d e c a n o y la m in o -3 -c h lo ro - l ,4 -n a p h lh o q u in o n e  (II). 
Palmitoyl chloride was used in this case and the mixture 
was heated at 170-180° for 90 min. The crude product was 
purified by the procedure used for compound I and was ob
tained as yellow needles.

2 -C h a u lm o o g ry la m in o S -c h lo r o -1 ,4 -n a p h lh o q  u in o n  e (III).
Chaulmoogryl chloride was prepared by a modification of 
the method of Burschkies.6 The details of this modification 
are to be found in the dissertation of J. M. Wilbur, Jr.8

A mixture of 18 g. (0.06 mole) of chaulmoogryl chloride 
and 14.5 g. (0.07 mole) of 2-amino-3-chloro-l,4-naphtho
quinone in 200 ml. of xylene was heated at 135-145° for 2 
hr. The mixture was filtered while hot and the filtrate 
cooled. The resulting dark solid was dissolved in chloroform 
and the solution was filtered. The filtrate was chroma
tographed on Merck acid washed alumina using chloroform 
as the eluant. A yellow band moved down the column first 
followed by an orange band and the black tars remained on 
the column. The material from the yellow band was collected 
and the chloroform removed under reduced pressure. The

(4) K. Fries, W. Pense, and O. Pceters, B e r ., 61, 1395 
(1928).

(5) K. Burschkies, B e r ., 71,233 (1938).
(6) J. M. Wilbur, Jr., Dissertation, University of Penn

sylvania, 1959.

crude product w'as recrystallized from ethanol and obtained 
as yellow crystals.

2 -C in n a m o y la m in o -8 -c h lo r o - l, 4 -n a p h th o q u in o n e  (IV). A 
mixture of 4.15 g. (0.02 mole) of 2-amino-3-ehloro-l,4- 
naphthoquinone and 10 g. (0.06 mole) of cinnamoyl chloride 
in 12 ml. of xylene was treated with dry hydrogen chloride 
for 5 min. and then heated at 145-150° for 3 hr. The product 
separated on cooling. It was washed with ether and recrys
tallized from benzene-petroleum ether and obtained as 
yellow needles. This product melted at 187-188° and was 
analytically pure. After standing for several w'eeks the melt
ing point increased and after recrystallization from benzene- 
petroleum ether the compound melted at 194-195°. The 
analytical data for the two compounds wrere almost identical. 
It is believed that the higher melting product is the t r a m  
form.

2 -A c e ty lg ly c o ly la m in o -3 -c h lo r o - l ,4 -n a p h th o q u in o n e  (V). 
Acetylglycolyl chloride was prepared by a modification of 
the method of Anschutz and Bertram.7 Acetylglycolic acid 
was treated with thionvl chloride in place of phosphorus 
trichloride.6 The amide (V) was prepared by the procedure 
used for making compound IV. The product was recrystal
lized from ethanol and obtained as yellow needles.

Evaporation of the filtrate from V under reduced pressure 
gave an oil. When ether was added, crystals of the diamide 
separated. The product was recrystallized from ethanol and 
obtained as yellow' plates. Analyses indicated the product 
to be 2-A',.V-diglycolvlamino-3-chloro-l,4-naphthoquinone
(VI).

2 - (4 '-C a r b o m e lh o x y p e n ta n o y l)a  m in o -3 -c h lo r o - l ,4 -n a p h th o 
q u in o n e  (VII). 5-Carbomethoxypentanoyl chloride w'as pre
pared by a previously described procedure.8 Once the acyl 
chloride was obtained, the procedure that was used for 
making compound I w'as followed. The mixture w'as heated 
at 135-140° for 90 min. The product was purified by recrys
tallization from ethanol and w'as obtained as yellow crystals.

P r e p a r a tio n s  o f  2 -a c y la m in o -3 - a m in o - l ,4 -n a p h th o q u in o n e s  
( T a b le  I ) .  The following compounds were prepared by the 
action of ammonia on the corresponding 3-chloro compounds 
(I, II, III, IV and V) in nitrobenzene at 140-150°': 2 -d o d eca -  
n o y la m in o - 8 -a m in o - l ,4 -n a p h th o q u in o n e  (VIII), 2 -h exa d eca -  
n o y la m in o - 3 -a m in o - l ,4 -n a p h th o q u in o n e  (IX), 2 -ch a u lm o o g ry l-  
a r n in o -3 -a m in o - l ,4 -n a p h th o q u in o n e  (X), 2 -c in n a m o y la m in o -
3 -a  m  in  o - l ,4 -n a  ph  th o q u in o n e  (X I), 2 -a c e ty lg ly c o ly la m in o -8 -  
a m in o -1 ,4 -n a p h th o q u in o n e  (XII), 2 -(.4 '-ca rb o m e lh o xyp en la -  
n o y l)a m in o -3 -a m in o - l ,4 -n a p h th o q u in o n e  (XIII).

P re p a r a tio n s  o f  2 -su b s ti lu te d  4 ,9 -n a p h th { 2 ,3 ) im id a z o le -  
d io n es . These preparations required modification of the 
original method1 and for that reason a general method is 
included here.

2 -U n d e c y l-4 ,9 -n a p h lh { 2 ,3 ) im id a z o le d io n e  (XIV). Fifty 
milliliters of 2Ar sodium hydroxide was added to a hot solu
tion of 6 g. (0.016 mole) of 2-dodecanoylamino-3-amino-1,4- 
naphthoquinone in 200 ml. of 95% ethyl alcohol. The solu
tion was refluxed for 30 min. The hot solution was treated 
with decolorizing carbon and filtered. About 100 ml. of the 
ethyl alcohol w'as removed under reduced pressure and the 
remainder was very carefully neutralized with 6N  hydro
chloric acid. After cooling, the product was removed, washed 
with water, and dried. It was purified by recrystallization 
from xylene and obtained as yellow' crystals.

The other imidazoles which were prepared (Table II) in
cluded: 2 -p e n la d e c y l-4 ,9 -n a p h th { 2 ,3 ) im id a zo le d io n e  (XV),
2 - [ 1 2 '- ( 3 -  c yc lo p en len y l)d o d ecy l]  -  4 ,9  -  n a p h th { 2 ,3 ) im id a z o le -  
d io n e  (XVI), 2 - (2 '-p h e n y lv in y l) -4 ,9 -n a p h th { 2 ,3 ) im id a z o le -  
d io n e  (XVII), 2 -h y d r o x y m e th y l-4 ,9 -n a p h th (2 ,3 ) im id a z o le d i-  
o n e  (XVIII).

The phenylurethan of XVIII was prepared by heating it 
with phenylisocyanate in nitrobenzene solution. The ure-

(7) R. Anschutz and W. Bertram, B e r ., 36, 407 (1903).
(8) A. J. Yu and A. R. Day, J .  O rg. C h e m ., 23, 1004

(1958).
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than separated on cooling and was recrystallized from nitro
benzene.

A n a l .  Calcd. for C19H13O4N3: C, 65.70; H, 3.78; N, 12.10. 
Found: C, 65.55; H, 3.69; N, 11.95.

2 -{ 4 '-C a r b o x y b u ty l) -4 ,9 -n a p h th { 2 ,3 ) im id a z o le d io n e .  (XIX). 
2-(4'-Carbomethoxypentanoyl)amino - 3 - amino - 1,4-naph
thoquinone (23.5 g., 0.071 mole) was dissolved in 700 ml. 
of 95% ethyl alcohol. To the hot solution was added 105 
ml. of 2 N  sodium hydroxide solution. The solution was re
fluxed for 1 hr. and most of the alcohol was then removed 
under reduced pressure. The residue was dissolved in 1 1. 
of hot water, treated with decolorizing carbon, and filtered. 
The filtrate was adjusted to pH 5 and cooled. The yellow 
product, so obtained, may be recrystallized from largo 
volumes of water or from nitrobenzene.

The amide (XX) of compound XIX was prepared by con
verting the acid to the acid chloride by heating with thionyl 
chloride and then treating the acid chloride with cold cone, 
aqueous ammonia. The solution was treated with decoloriz
ing carbon and filtered. The filtrate was carefully neutral
ized with 6 N  hydrochloric acid to precipitate the amide.

P r e p a r a t io n  o f  5 - a m in o -2 -m e th y l-4 ,9 -n a p h th { 2 ,3 ) im id a -  
zo le d io n e  (XXI). This preparation involved the initial prep
aration of 5-nitro-2,3-dichloro-l,4-naphthoquinone. This 
compound was reported in 1928.4 As we were not able to 
reproduce the earlier results, we are including here a modi
fication of their procedure. 2,3-Dichloro-l,4-naphthoquinone 
(246 g., 1.06 mole) was mixed with 320 ml. of cone, sulfuric 
acid. Then 640 ml. of red fuming nitric acid was added 
dropwise with stirring. After 150 ml. of nitric acid was 
added, a vigorous exothermic reaction occurred and cooling 
was necessary to keep the temperature below 100°. Above 
120° decomposition occurs. The remaining nitric acid was 
slowly added while the temperature was maintained at 80- 
90°. The mixture was heated at this temperature for 7 hr. 
It was then poured onto cracked ice. The yellow product 
was removed, washed thoroughly with water and then 
stirred with I N  sodium carbonate solution for 8 hr. The 
product was removed, washed with -water, and dried. It was 
purified b3r recrystallization from chloroform with the aid 
of decolorizing carbon. A 20% yield of pure compound was 
obtained, m.p. 174-175°.

Reduction of the nitro compound to the corresponding 
amino compound was accomplished with stannous chloride 
according to the procedure of Fries, Pense, and Peeters4 
with certain modifications.6 The product was recrystallized 
from large amounts of 95% ethyl alcohol, yield 77%, m.p. 
224-226°. 5-Amino-2,3-dichloro-l, 4-naphthoquinone has 
been previously reported to melt at 2 2 0 °.

The 5-amino-2,3-dichloro-l,4-naphthoquinone was con
verted to the corresponding 5-acetamido derivative by treat
ment with acetic anh.ydride and a few drops of cone, sulfuric 
acid. The acetyl derivative was rerrystalkzed from ethanol 
and obtained as red crystals, yield 96%, m.p. 208-209°.

A n a l .  Calcd. for C12H,03NC12: C, 50.75; H, 2.48; N, 
4.93; Cl, 24.96. Found: C, 50.66; H, 2.48; N, 4.89; Cl, 
24.82.

5 -A c e ta m id o { 2  o r 3 ) -a m in o - (2  o r 3 ) -c h lo r o - l ,4 -n a p h th o q u i
n o n e . 5-Acetamido-2,3-dichloro-l,4-naphthoquinone (26.7 
g., 0.094 mole) was dissolved in 200 ml. of nitrobenzene. 
The solution was heated to 145-155° and ammonia was 
passed in for 1 hr. The hot solution was filtered to remove 
ammonium chloride and the filtrate cooled to crystallize 
the product. The latter was washed with ether, dried, washed 
with water, and again dried, yield 93%, m.p. 238-260° dec. 
This product was probably a mixture of isomers, but re
crystallization from ethanol or benzene failed to give a 
single form. Attempts to separate isomers by chromatog
raphy also failed.

5 -A c e ta m id o -{ 2  o r 3 )-a c .e ta m id o -(2  or 3 ) -c h lo r o - l ,4 -n a p h th o 
q u in o n e . A suspension of 23 g. (0.087 mole) of 5-acetamido- 
(2 or 3)-amino-(2 or 3 )-chloro-l,4-naphthoquinone in 70 ml. 
of acetic anhydride was treated with 12  drops of cone, sul
furic acid. The mixture was warmed, with some stirring,

until it formed a solid red mass. An additional 20 ml. of 
acetic anhydride and 5 drops of cone, sulfuric acid were 
added with stirring. After standing overnight the mixture 
was cooled and the solid removed by filtration. It was 
washed with ether, dried, and then washed with water and 
dried. The product was recrystallized from 95% ethyl 
alcohol and obtained as golden orange crystals, yield 76%, 
m.p. 244-245° dee.

A n a l .  Calcd. for C,4HU0 4N2C1: C, 54.82; H, 3.62; N, 9.14; 
Cl, 11.56. Found: C, 54.93; H, 3.52; N, 9.12; Cl, 11.53.

The filtrate from the above product and the ether wash
ings were combined. By evaporation and cooling another 
isomer was obtained. It was recrystallized from 95% ethyl 
alcohol and obtained as orange needles, 3'ield 7% m.p. 
208-210° dec.

A n a l .  Calcd. for CoHnChN.Cl: C, 54.82; H, 3.62; N, 
3.62; N, 9.14; Cl, 11.56. Found: C, 54.63; H, 3.80; N, 9.05; 
Cl, 11.39.

5 -A c e ta m id o - (2  or 3 )-a c e ta m id o -(2  or 3 ) - a m in o - l ,4 -n a p h 
th o q u in o n e . 5-Acetamido-(2 or 3)-acetamido-(2 or 3 )-eliloro-
l ,  4-naphthoquinone (2.3 g., 0.0075 mole) was dissolved in 
30 ml. of nitrobenzene. The solution was heated to 145-150° 
and ammonia passed into the solution for 1 hr. After stand
ing overnight, the product was removed, washed with ether, 
dried, and then washed with water and dried. It was recrys- 
tallized from ethanol and obtained as brown needles, yield 
73%, m.p. 270-272° dec.

A n a l .  Calcd. for CnH^ChN,: C, 58.54; H, 4.56; N, 14.63. 
Found: C, 58.56; H, 4.64; N, 14.71.

5 -A m in o -2 -m e th y l-4 ,9 -n a p h th (2 ,3 ) im id a z o le d io n e . Fifty 
milliliters of 2 N  sodium hydroxide solution was added to a 
hot solution of 5-aeetamido-(2 or 3)-acetamido-(2 or 3)- 
amino-1,4-naphthoquinone (5 g., 0.0174 mole) in 200 ml. of 
95% ethyl alcohol. The solution was refluxed for 1 hr. and 
then the alcohol was removed under reduced pressure. The 
residue was dissolved in boiling water. The solution was 
treated with decolorizing carbon and filtered. The hot fil
trate was carefully neutralized with 6 N  hydrochloric acid 
and the product crystallized on cooling. The product may 
be purified b3r dissolving it in hot 2 0 % sulfuric acid and 
carefully neutralizing the solution with 2 N  sodium lwdroxide 
solution to reprecipitate the product and finally recyystal- 
lizing from nitrobenzene. It was obtained as red crystals.

Acetylation of this compound with acetic anlmiride and 
a few drops of cone, sulfuric acid gave a monoacetyl deriva
tive. It was recrystallized from nitrobenzene, yield 58%,
m. p. >  410° dec. This product probably is 5 -acetamido-2- 
methyl-4,9-naphth( 2,3 )imidazoledione.

A n a l .  Calcd. for C„HnO.,N3: C, 62.44; H, 4.12; N, 15.60. 
Found: C, 62.30; H, 4.29; N, 15.71.

5 - A m in o -4 ,9 -n a p h th (2 ,3 ) im id a z o le d io n e  (XXII). Five 
grams of 5-aoetamido- (2 or 3)-amino-l,4-naphthoquinone 
was dissolved in 250 ml. of boiling ethyl formate. Ten 
milliliters of cone, sulfuric acid was added dropwise over a 
period of 30 min. After each drop of acid was added, a vigor
ous reaction occurred. After standing overnight, the mixture 
was cooled and the solid removed by filtration and washed 
with ether. The product was purified b3r the same procedure 
which was used for purifying compound XXI and was ob
tained as red plates.

5 -N itro -4 ,9 -n a p h th (2 ,S ) i? n id a z o le d .io n e  (XXIII). This com
pound was prepared by two methods: (a) direct nitration of
4,9-naphth(2,3)imidazoledione,‘ and (b) ring closure of 5- 
nitro-(2 or 3)-acetamido-(2 or 3)-amino-l,4-naphthoquinone. 
The two products have identical infrared spectra and melt
ing point ranges, 315-330° dec.

(a) A mixture of 2 .1 g. (0.01 mole) of 4,9-naphth(2,3)- 
imidazoleaione in 10  ml. of cone, sulfuric acid and 20  ml. of 
red fuming nitric acid was heated at 100° for 3 hr. After 
cooling, the mixture was poured onto cracked ice. The prod
uct was removed by filtration and washed with water. It 
was dissolved in hot 2Ar sodium hydroxide solution, treated 
with decolorizing carhon, filtered, and the filtrate carefully 
neutralized with 6 .V hydrochloric acid. The product sepa
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rated on cooling. It was removed, dried, recrystallized from 
nitrobenzene, and the yellow crystals were washed with 
toluene and petroleum ether. The yield was 75%.

(b) Concentrated sulfuric acid (5 ml.) was added dropwise 
to a refluxing solution of 2 g. of 5-nitro-(2 or 3)-acetamido- 
(2  or 3)-amino-l,4-naphthoquinone in 100 ml. of ethyl

orthoformate. The acid was added over a period of 20 min. 
After cooling the product was collected and washed with 
ether. The product was purified by the procedure used in 
(a). The yield was 28%.

P h ila d elph ia  4, P a .

[Contribution  from  th e  D epa rtm en t  of Ch em istry , D u ke  U n iv e r sit y ]

A crid izin iu m  C om pounds by th e  C yclization  o f  O xim es

C. K. BRADSHER, T. W. G. SOLOMONS, and F. R. VAUGHAN 

R ece ived  A u g u s t  5, 195 0

Picolinic aldoxime (III) is superior to the free aldehyde (II) with regard to the rate of reaction with benzyl halides and 
to the yield and purity of the resulting quaternary salts. The new l-benzyl-2-aldoximinopyridinium salts cyclize in good 
yield to afford acridizinium salts (I). The overall yield is superior to that v ia  the aldehyde. An improvement is observed when 
2-acetylpyridine (IV) is replaced by its oxime (V) in the acridizinium synthesis.

In an earlier work it was shown1’2 that deriva
tives of the acridizinium ion (I) can be synthesized

I, R = R' = H

by cyclization of the quaternary salts (VI) formed 
when picolinic aldehyde (II) reacts with an appro
priate benzyl halide.

C=ZI
R

c h 2x

X~
+ ch2
r  y ^ r '
c=zI
R

II. Z = O, R = H
III. Z =  NOH, R = H
IV. Z = O, R = CH3
V. Z =  NOH, R = CH3
VI. Z = 0, R = R' = H
VII. Z = NOH, R = R' = H
VIII. Z = NOH, R = H, R' = 4-CH3
IX. Z = O, R = CH3, R' = H
X. Z = NOH, R = CH3, R' = H
XI. Z = NOH, R = CH3, R' = 4-CH3
XII. Z = NOH, R = CH3, R' = 3-OCH3

Despite the success met with in the use of this 
synthesis, there are some disadvantages which are 
inherent in the use of picolinic aldehyde. The alde
hyde is itself unstable and deteriorates rapidly if 
not kept refrigerated. It is recommended that the 
aldehyde be stored under a nitrogen atmosphere. 
The quaternization of picolinic aldehyde at room 
temperature is quite slow, and although the rate is 
more rapid at higher temperatures, great care must

(la) C. K. Bradsher and L. E. Beavers, J .  A m .  C hem . 
So c ., 77,4812(1955).

(lb) C. K. Bradsher and L. E. Beavers, J .  A m .  C hem . 
S o c ., 78, 2459 (1956).

(2) C. K. Bradsher and J. H. Jones, J .  A m .  C h em . S o c .,
79,6033(1957).

be exercised to prevent deterioration of the alde
hyde or of the quaternization product. Only a few 
of the quaternary salts (VI) derived from aldehydes 
have been obtained in a crystalline condition, and 
only three3 of these in a state of analytical purity. 
When poor results are obtained in the over-all 
reaction, it is often difficult to judge at what stage 
the failure has occurred.

It was felt that derivative of picolinic aldehyde 
might offer some advantages, and the first studied 
has been the stable and commercially available 
oxime (III).

Perhaps because of the increased basicity of the 
ring nitrogen, picolinic aldoxime (III) quaternizes 
more readily than does the free aldehyde (II), and 
the quaternary salt (VII) is readily isolated and 
purified. The quaternary oximes (VII) can be 
cyclized by the action of hydrobromic acid under 
the same conditions used previously for the quater-

CHO

CII3
XIII

TABLE I
Acridizinium  Salts by th e  Ox im e  M ethod

Acridizinium
Salt

Yield Or7 /C

Quatern. Cycliz.
Overall via 

Oxime Aldehyde
--- 87.5 89 78 60®

9-CH3 75 92.5ft 69.5 55®
Benzo[h] 92 85 78 52c
ll-CHa 85 21 18 03d
9,11-(CH3)2 90 40 36 —
8-OH, ll-CHs 90 99 90 —

® Reference la. 5 Sum of yields of bromide (28%) and 
picrate (64.5%). c Reference lb. d Reference 8.

(3) C. K. Bradsher and T. W. G. Solomons, unpublished 
work.
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TABLE II
1 -A r y l m e t h y i j - 2 - (  1 - i i y d r o x i m i n o a l k y l )p y r i d i n i u m  B r o m i d e s

R Ar M.P.“ Formula
1

Calcd.
C

Found
H

Calcd. Found
N

Calcd. Found

II c 6h 5 202 C13H13BrN20 53.25 53.00 4.46 4.41 9.55 9.64
II 4-CH3C6H4 206 C14H,5BrN20 54.73 54.60 4.92 4.62 — —
H i -c ,„h 7 200-201 CI7Hl5BrN20 59.48 59.47s 4.41 4.40 8.16 8.19
CH, c 6h 5 153“'“ C14H16BrN20 .1/ 4H20 53.93 54.03 4.97 5.12 8.98 8.84
c h 3 4-CH3C6H4 172°,á C16H„BrN20 .1/ 4H20 55.31 55.44 5.11 5.33 8.60 8.74
CIL 3-CH3OC6H4 122c’d C uH nB rN A -'/Ä O 52.70 52.78“ 5.16 5.20 8.19 8.31

“ Melting points taken in a sealed tube. 6 Reference 12. c With decomposition. d Crystallized from methanol-ethyl acetale. 
Reference 13.

nary aldehydes (VI). From Table I, it will be noted 
that, the overall yields obtained with the aldoxime
(III) were superior to those starting with picolinic 
aldehyde (II).

Although 6-methyl-2-pyridinealdehyde (XIII) is 
available, it quaternizes too poorly4 5 to provide a 
satisfactory synthetic route to 4-methylacridizinium 
salts.6 The corresponding oxime6 appeared to react, 
but as the oxime was recovered as the hydrobro
mide, oximino ether formation and hydrolysis may 
have occurred.7

In a recent publication8 it was reported that 11- 
substituted acridizinium salts could be prepared by 
cyclization of the salts formed by quaternization of
2-benzoyl- or 2-acetylpyridine (IV) with benzyl 
halides. 2-Acetyl pyridine gave very poor results 
(3% overall yield) with benzyl bromide, probably 
because of failure of the quaternization step. It has 
now been found that using the same halide, quater
nization was much easier with the oxime (V) of 2- 
acetylpyridine (85% yield), and although the 
cyclization step went in only 21% yield, the overall 
yield (18%) represents a great improvement. A 
somewhat higher yield (36%) was obtained in the 
preparation of the new 9,11-dimethylacridizinium 
picrate.

The salt (XI) obtained from the reaction of 
TO-methoxybenzyl bromide with the oxime (V) of
2-acetylpyridine cyclized (with ether cleavage) 
when heated in hydrobromic acid, affording 8-hy- 
droxy-ll-methylacridizinium bromide in 99% yield. 
Cyclization of XI in liquid hydrogen fluoride like
wise yielded an 8-hydroxy-ll-methylacridizinium 
salt (75%). The treatment of the other quaternized 
pyridyl oxime salts (VII, VIII, X) with hydrogen

(4) The relative unreactivity of XIII as compared with 
picolinic aldehyde is in accord with the general observation 
that 2,6 disubstituted pyridines do not readily form quater
nary salts, R. C. Elderfield, H ete ro cyc lic  C o m p o u n d s , Vol. I, 
John Wiley & Sons, New York, N. Y. (1950), page 572.

(5) It is possible to obtain a 2.5% yield for the overall 
reaction by the picolinic aldehyde method.

(6) S. Ginsberg and I. B. Wilson, J .  A m .  C h em . S o c ., 79, 
481 (1957).

(7) Ginsberg and Wilson (ref. 6) have shown that the 
reaction of methyl iodide with 6-methylpyridine-2-aldoxime 
yields the oximino ether.

(8) C. K. Bradsher and T. W. G. Solomons, J .  A m .
C h em . S o c ., 8 1 , 2550 (1959).

fluoride gave no isolable acridizinium salts. As 
hydrogen fluoride is known to produce the Beck
mann rearrangement9 9 10 11 12 13 of oximes, it may well be 
that with hydrogen fluoride, cyclization is observed 
only when cyclization can occur much more rapidly 
than rearrangement.

E X PE R IM E N T A L 10

Q u a te r n iza tio n  P ro ced u re . To a solution containing 0.01 
mole of the oxime (III or V) in 5-6 ml. of dimethylform- 
amide, 0.011 mole of the benzyl bromide was added and the 
mixture allowed to stand for 5 days to one week.11 At the end

TABLE III
A c r i d i z i n i u m  (I) B r o m i d e s  b y  C y c l i z a t i o n  of 1 -A r y l -  
m e t h y l - 2 - ( 1 - h y d r o x i m i n o a l k y l ) - p y r i d i n i u m  B r o m i d e s  i n  

4 8 %  H y d r o b r o m ic  A c id

Acridizinium
Reflux 

Time, Hr.
Yield,

%
M.P

Obsd. Lit.
— 6 89 240-241 239-240“

0-CIL 4 286 192-194 191-193“
Benzo[h] 1 .25 85 304-307 308-309“
11-OH, 8 21 199-201 __d

9,11-(CH3)2 0.5 40“ 208-209.5 __/
8-OH, 11-CH/ 0.75 99 302-303 __h

° Ref. la. b From the filtrate an additional 64.5% was 
isolated as the picrate, m.p. 248-250°, Lit.,1 m.p. 252-253°, 
total yield 92.5%. 0 Reference lb. d A n a l .  Calcd. for ChHij- 
BrNT/3H20: C, 60.01; H, 4.56; N, 5.00. Found13: C, 59.90; 
H, 4.89; N, 4.91. e The yield and melting point are for the 
picrate rather than the bromide. !  A n a l .  Calcd. for C2iHt6- 
N40 7: C, 57.79; H, 3.69; N, 12.84. Found13: C, 57.44; H, 
3.88; N, 13.00. s Obtained from XII by combined cycli
zation and ether cleavage. * A n a l .  Calcd. for CuH^BrNO- 
H20: C, 52.18; H, 4.38; N, 8.69. Found12: C, 51.97; H, 4.50; 
N, 8.81. The p ic r a te  was also prepared, as needles from 
acetonitrile, m.p. 201-203°. A n a l .  Calcd. for C21Hi6N40 8: 
C, 54.79; H, 3.22; N, 12.78. Found13: C, 54.74; H, 3.35; N, 
12.77.

(9) C f., F. Möller, O. Bayer, and H. Wilms, G er. 924, 866; 
C h em . A b s tr . 5 2 , 14672 (1958). J. H. Simons, S. Archer, and 
D. I. Randall, J .  A m .  C h em . S o c ., 6 2 , 485 (1940).

(10) Except as noted, all melting points were taken on a 
Fisher-Johns hot stage and are uncorrected. Unless otherwise 
indicated all analyses were by Drs. Weiler and Strauss, 
Oxford, England.

(11) With the oxime of 2-acetylpyridine 2 weeks were 
allowed.

(12) Analysis by Galbraith Laboratories, Knoxville, 
Tenn.

(13) Analysis by Dr. Ing. A. Schoeller, Kronach, West 
Germany.
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of this period the crystalline product was triturated with 
ethyl acetate, and the product collected and washed with 
ether. Except as noted, the analytical samples formed 
colorless crystals from ethanol. The results of these experi
ments are summarized in Table II.

C y c liz a tio n  o f  O x im e s . One gram of the oxime w'as refluxed 
with 5-10 ml. of 48% hydrobromic acid, after which the 
hydrobromic acid was removed under reduced pressure 
(aspirator). About 10 ml. of ethanol was added, removed 
under vacuum, and the residue crystallized from ethanol. 
The results of these experiments are summarized in Table
III.

4 - M e th y la c r id iz in iu m  P ic ra te , (a) A tte m p te d  s y n th e s is  b y  
the O x im e  M e th o d . Quaternization of 6-methylpyridine-2- 
aldoxime (X III oxime) with benzyl bromide was attempted 
by the usual method. The product, m.p. 208-209°, obtained 
by recrystallization was not the expected quaternary salt, 
and had the approximate composition for the hydrobromide 
of the original oxime.

(b) B y  the P ic o lin ic  a ld eh yd e  m e th o d , 14 Two grams of 
benzyl chloride and 2 g. of 6-methyIpyridine-2-carboxalde- 
hyde were refluxed for 14 hr. in 5 ml. of absolute methanol. 
The methanol was removed under vacuum and the residue

(14) This experiment was by J. H. Jones.

washed with ether. The residue was dissolved in 25 ml. of 
cone, hydrochloric acid and refluxed for 8 hr. The residue 
(after removal of the hydrochloric acid i n  v a c u o ) was dis
solved in ethanol and treated with ethanolic picric acid. 
The crude picrate was obtained as a dark yellow solid, m.p. 
200-208° dec., yield 0.2 g. (2.5%). The analytical sample 
formed fine yellow needles from acetone, m.p. 230-233° 
dec.

A n a l .  Calcd. for G,„T1,4N40 7: C, 56.87; H, 3.34; N, 13.27. 
Found15: C, 56.69; H, 3.89; N, 13.21.

C y c liz a tio n  o f  l - { 8 -m e th o x y b e n z y l ) -2 - ( l -h y d r o x im in o e th y l ) -  
p y r id in iu m  b ro m id e  (XII) i n  h yd ro g en  f lu o r id e . In a poly
ethylene bottle was placed 0.8 g. of the quaternary bromide
(XII) to which 50 ml. of liquid hydrogen fluoride was 
added. The hydrogen fluoride was allowed to evaporate 
over a 2 day period. The gummy residue was dissolved in 
ethanol and treated with ethanolic picric acid. The picrate, 
crystallized from acetonitrile, was demonstrated to be
8 - h y d r o x y - l l - m e th y la c r id i z in iu m  p ic r a te  by comparison of 
melting points and infrared spectra with those obtained 
from the sample prepared by the hydrobromic acid cycli
zation, yield 0.78 g. (75%).

D u r h a m , N. C.

(15) Analysis by Micro Laboratories, Skokie, Illinois.

[C o n t r i b u t i o n  p r o m  t h e  O r g a n i c  C h e m i c a l  R e s e a r c h  S e c t i o n , L e d e r l e  L a b o r a t o r i e s  D i v i s i o n ,
A m e r i c a n  C y a n a m i d  Co.]

1,2- and  3-M onoalk yl and 2-(/3-n-Ribof‘uranosyl) D erivatives o f  
7-D im eth y la m in o -v -tr ia zo lo (d )p y r im id in e  and R elated  C om pounds

ROBERT B. ANGIER a n d  JOSEPH W. MARSICO 

R ece ived  O ctober 19 , 1 9 5 9

Three monoethyl derivatives have been isolated from the reaction of ethyl iodide and 7-dimethyIamino-v-triazolo(d)- 
pyrimidine (VII). Each of these monoethyl derivatives has been assigned a definite structure by comparison of their ultra
violet absorption spectra with the spectra of 7-dimethylamino-3-ethyl-3H-v-triazoIo(d)pyrimidine (V) and 7-dimethyl- 
amino-2-(2,4,6-trichlorophenyl)-2H-v-triazolo(d)pyrimidine (XVIII), which have been synthesized by unequivocal meth
ods. By the same methods the riboside obtained from the chloromercuri derivative of VII was shown to be 7-dimethyl-
ammo-2-(/S-D-ribofuranosyl)-2H-v-triazolo(d)pyrimidine (IX), 
methylmercapto-v-triazolo(d )pyrimidine (V I).

Analogs of 6-dimethylamino-9(3-amino-3-deoxy- 
/3-D-ribofuranosyl)purine1 (I) (the aminonucleo- 
side derived from puromycin) are of interest be
cause of the carcinostatic2 and trypanocidal3 
properties of I. Previous reports have been con
cerned primarily with analogs of I containing 
variations either in the carbohydrate portion of the 
molecule4 or in the substituents on the purine 
nucleus.5 In this paper we wish to report on the

(1) B. R. Baker, J. P. Joseph, and J. H. Williams, J .  A m .  
C h em . S o c ., 77, 1 (1955).

(2) P. L. Bennett, S. L. Halliday, J. J. Oleson, and J. H. 
Williams, A n tib io t ic s  A n n u a l  1 9 5 4 -1 9 5 5 , Medical Encyclo
pedia, Inc., New York, N. Y., 1954, pp. 766-769.

(3) R. I. Hewitt, A. R. Gamble, W. S. Wallace, and 
J. H. Williams, A n tib io t ic s  a n d  C h e m o th era p y , 4, 1222
(1954).

(4) R. E. Schaub, M. J. Weiss, and B. R. Baker, J .  A m .  
C h em . S o c ., 80, 4692 (1958); F. J. McEvoy, M. J. Weiss 
and B. R. Baker, J .  A m .  C h em . S o c ., 82, 209 (1960).

(5) L. Goldman, J. W. Marsico, and R. B. Angier, J .  A m .
C h em . S o c ., 78, 4173 (1956).

Similar results were obtained with 7-dimethylamino-5-

results of some work carried out during an attempt 
to prepare the triazolo(d)pyrimidine analog 7- 
dimethylamino-3 (3-amino-3-deoxy-/3- d - ribofurano- 
sy 1) -3H-v-triazolo (d) pyrimidine (II).

When this work was begun the only reported 
v-triazolo(d) pyrimidines containing substituents 
on the triazole portion of the molecule were some 
2-phenyl derivatives.6 Therefore, in order to have 
available a model compound for ultraviolet absorp
tion spectra studies, 7-dimethylamino-3-ethyl-3H- 
v-triazolo(d)pyrimidine (V) was synthesized by 
unequivocal methods. 5-Amino-6-dimethylamino-
4-ethylamino-2-methylmercaptopyrimidine (III)7 
when treated with nitrous acid gave the expected
7-dimethylamino-3-ethyl-5-methylmercapto - 3H - v- 
triazolo(d)pyrimidine (IV), which was then de
sulfurized with Raney nickel catalyst to give V.

(6) F. R. Benson, L. W. Hartzel and W. L. Saveli, J .  
A m .  C h em . S o c ., 72, 1816 (1950).

(7) B. R. Baker, R. E. Schaub, and J. P. Joseph, J .  O rq. 
C h e m ., 19, 638 (1954).
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An attempt was then made to prepare a 3-ribosyl 
derivative of 7-dimethylamino-5-methylmercapto- 
v-triazolo(d) pyrimidine8 (VI) (the more readily 
available ribose was used instead of 3-amino- 
ribose). Compound VI, treated with mercuric 
chloride gave a bis(triazolo(d)pyrimidyl) mercury 
derivative. The reaction between this derivative 
and 2,3,5-tri-O-benzoyl-D-ribofuranosyl chloride 
by a slight variation of the method of Kissman 
el al,9 gave a crude gum from which was isolated 
in small yield a crystalline riboside (VIII). A 
comparison of the ultraviolet absorption spectra of 
the riboside (VIII) with the spectra of IV quickly 
proved that VIII was not the 3-ribosyl derivative 
of VI but, as substitution may have occurred on 
either the 1- or 2- position, no positive assignment 
of structure could be made.

In conjunction with the above work a simple 
alkylation of VI was attempted. The reaction be
tween VI and dimethyl sulfate in an aqueous alka
line solution gave a product which was separated by 
fractional crystallization into two isomeric mono
methyl derivatives of VI. A study of their ultra
violet absorption spectra showed that the lower 
melting isomer (X, m.p. 186-188°) was 7-dimethyl- 
amino-3-methyl-5-methylmercapto - 3H - v - triazolo- 
(d)pyrimidine while the other isomer (XI, m.p. 
236-238°) had spectra very similar to the spectra 
of the riboside VIII).

As conversion of VI to the ribosyl derivative 
had not given the desired isomer, a similar reaction 
was run using 7-dimethylamino-v-triazolo (d) py
rimidine (VII). Compound VII was prepared 
by the action of nitrous acid on 4,5-diamino-6- 
dimethylaminopyrimidine, which was in turn pre
pared by a Raney nickel desulfurization of 4,5- 
diamino - 6-dimethylamino-2-methylmercaptopyr- 
imidine.10 The chloromercuri derivative prepared 
from VII was treated with 2,3,5-tri-O-benzoyl- 
D-ribofuranosyl chloride in the usual manner to 
give a satisfactory yield of a single crystalline 
riboside (IX). Examination of the ultraviolet ab-

(8) K. J. M. Andrews and W. E. Barber, J .  C h e m . S o c ., 
2768 (1958).

(9) H. M. Kissman, C. Pidacks, and B. R. Baker, J .  A m .  
C h e m . S o c ., 77, 18 (1955).

(10) B. R Baker, J. P. Joseph, and R. E. Schaub, J .
O rg. C h e m ., 1?, 031 (1954).

sorption spectra of IX demonstrated that it was 
not a 3-substituted derivative of VII.

Once again a simple alkylation reaction was per
formed. The treatment of VII with ethyl iodide in 
an aqueous alkaline solution gave a crude product 
which was separated by fractional crystallization 
into three isomeric monoethyl derivatives of VII. 
By direct comparison with an authentic sample the 
lowest melting isomer (V, m.p. 80-81°) was shown 
to be 7-dimethylamino-3-ethyl-3H-v-triazolo(d)py- 
rimidine (V). One of the other isomers (XIII, 
m.p. 117-119°) had ultraviolet absorption spectra 
very similar to the spectra of the riboside IX, pre
pared from VII, while the spectra of the third 
isomer (XIV, m.p. 205-206°) were very different. 
Thus, although a certain relationship had been 
established between the ribosides VIII and IX  
and the various alkyl derivatives, the only struc
tures that were established were those of X  (7- 
dimethylamino-3-methyl-5-methylmercapto-3H-v- 
triazolo(d) pyrimidine) and V (7-dimethylamino- 
3-ethyl-3H-v-triazolo (d) pyrimidine).

As this portion of the work was completed several 
papers appeared describing the preparation of 
v-triazolo(d)pyrimidines containing substituents 
on the triazole portion of the ring. Among these 
were descriptions8'11'12 of the syntheses of a number 
of ribosides. In one case8 a riboside of VI was pre
pared and then desulfurized with Raney nickel to 
give a riboside of 7-dimethylamino-v-triazolo(d)- 
pyrimidine (VII). No evidence of any kind was 
offered to prove the structure of this riboside. How
ever, during the process of publication, the final 
compound was named, inadvertently but unequiv
ocally, 7-dimethylamino-3-(/3-n-ribofuranosyl)-v- 
triazolo(d) pyrimidine. The comparison of a sample 
of this product, kindly supplied by Dr. Andrews, 
with our compound (IX) showed them to be iden
tical. Therefore, this product8 could not have been 
a 3-ribosyl derivative.

Although several 3-alkyl derivatives of certain 
v-triazolo(d)pyrimidinesu’12'13 and two 1-glycosyl- 
5,7-dihydroxy-lH-v-triazolo(d)pyrimidines12 have 
been described recently, these were not readily 
useful in determining the structures of our com
pounds. Likewise the 2-phenyl derivatives of VI 
and VII, which could easily be made, would be of 
little use as the increased conjugation due to the 
phenyl groups would result in ultraviolet absorp
tion spectra entirely different from the spectra of a 
2-alkyl derivative. However, our experience with 
the steric inhibition of resonance exhibited by 
3',5'-dichloromethotrexate14 led us to believe that

(11) J. Davoll, J .  C h em . S o c ., 1593 (1958).
(12) J. Baddiley, J. G. Buchanan, and G. O. Osborne, 

J .  C h em . S o c ., 1651 and 3606 (1958).
(13) K. L. Dille, M. L. Sutherland, and B. E. Chris

tiansen, J .  O rg. C h e m ., 2 0 , 171 (1955); F. L. Rose, J .  C h em . 
S o c .. 4116 (1954).

(14) R. B. Angier and W. V. Curran, J .  A m .  C h em . S o c .,  
81, 2814 (1959).
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2(2.4,6-triehlorophenyl) derivatives of VI and VII 
would have spectra very similar to the correspond
ing 2-alkyl or 2-ribosyi derivatives. Therefore, 4- 
amino - 6 - dimethylamino - 2 - methylmereapto - 5- 
(2,4,6-trichlorophenylazo)pyrimidine (XV) was pre
pared and converted to 7-dimethylamino-o-methyl- 
mercapto-2(2,4,6-trichlorophenyl)-2H-v-triazolo- 
(d,'pyrimidine (XVII) by conventional methods. 
The ultraviolet absorption spectra of XVII were 
very similar to the spectra of the riboside VIII 
and also similar to one (XI, m.p. 236-238°) of the 
two methvl derivatives obtained bv the methvlation 
of VI.

C H ,  C H 3

N

R

c h 3 c h ,

N/

N ^ J j —N = N

NH2
x v , r = c h 3s

X V I ,  R  = H

Cl

Cl

Cl

Cl

XVII. R =  CH3S 
XVIII. R =  H

An attempt to desulfurize XVII with Raney 
nickel was unsuccessful because of a simultaneous 
reductive dechlorination. Therefore, 4-amino-6- 
dimethylamino - 2 - methylmercaptopyrimidine 
was desulfurized to give 4-amino-6-dimethylamino- 
pyrimidine which was then converted via the azo 
compound (XVI) to 7-dimethylamino-2-(2,4,6- 
trichlorophenyl) - 2H - v - triazolo(d)pyrimidine 
(XVIII). The ultraviolet absorption spectra of 
XVIII were very similar to the spectra of the ribo
side IX and also similar to the spectra of one (XIII, 
m.p. 117-119°) of the three .V-ethyl derivatives 
obtained by the action of ethyl iodide on VII.

To tie the two series together further XI (7- 
dimethylamino -5 -methylmereapto-2-methyl-2H-v- 
triazolo(d) pyrimidine) was desulfurized with Raney 
nickel to give a compound (XII) with spectra 
identical to the spectra of XIII (7-dimethylamino- 
2-ethyl-2H-v-triazolo(d)pyrimidine).

U ltra v io le t a b so rp tio n  sp e c tra  a n d  s tru c tu re . An examination 
of the spectra (Table I and Fig. 1) of the 2-{2,4,6-triehloro- 
phenyl) (XVII) and the postulated 2-methyl (XI) and 2- 
ribosyl (V III) derivatives of 7-dimethylamino-5-methyl- 
mercapto-v-triazolo(d)pyrimidine (VI) shows that, although 
the curves are almost superposable, there is a batho- 
chromic shift of some 5-10 m^ for most parts of the curve 
as one proceeds from XI to VIII to XVII. As only two of 
the likely three possible A’-monomethyl derivatives of VI 
had been prepared, it could be argued that the unknown 
third methyl derivative might have spectra very similar 
to XI. However, when one examines the spectra (Table I 
and Figs. 2 +3)of the derivatives of VII (7-dimethylamino-

V f o v e  l e n g t h  nyu

Fig. 1. Ultraviolet absorption spectra of derivatives of 
7 - dimethylamino - 5 - methylmereapto - v - triazolot di-
pyrimidine: ------, 0.1.V sodium hydroxide or methanol
( 1 0 'i /m l ) ; -------- , 0.1.V hydrochloric acid (lOy/ml.)

v-triazolo(d)pyrimidine), any reasonable doubt of the struc
tures is dispelled. The spectra of the 2-(2,4,6-trichloro- 
phenyl) (XVIII) and the postulated 2-ethyl (X III) and 2- 
ribosyl (IX) derivatives of VII again are essentially super
posable when allowance is made for a small bathochromic 
shift from X III to IX to XVIII. In this case all three of the 
likely A'-monoethyl derivatives had been isolated and close 
inspection showed that only one of them (X III) had spectra 
resembling the spectra of the known 2-(2,4,6-trichloro- 
phenyl) - 7 - dimethylamino - 2H - v - triazolo(d)pyrimidine 
(XVIII). Althouga superficial examination may not quickly 
reveal this fact, it does become quite evident when one 
notes that the 2-(2,4,6-trichlorophenvl) derivative (XVIII) 
exhibits a bathochromic shift of its maximum when passing 
from the cation (0.1A' HC1) to the neutral molecule. An 
examination of the other derivatives of VII then shows 
that the postulated 2-ethyl (X III) and 2-ribosyl (IX) 
derivatives exhibit this same bathochromic shift while the
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TABLE I

Substituent

Ultraviolet Absorption Spectra0
Xmax, mp (f)

0.1 Ar HC1
Methanol or 
0.1 A7 NaOH1*

7-Dimethvlamino-5-methylmercapto-
v-triazolo(d)pyrimidine (VI;

VI 250(8,800) 248(18,900f
286(22,900) 296(15,100)

2-Methyl (XI) 288(24,000) 254(13,000)
302Sh(20,800) 284(12,100)
315Sh(14,400) 311(12,400)

2-(/3-n-Ribofu ran- 294 (23,600) 254 (12,100)
osvl)17 (VIII) 309Sh(20,800) 290(12,300)

321Sh ( 14,400) 318(12,700)
2-(2,4,6-Trichloro- 300(26,600) 254Sh (13,600)

phenyl) (XVII) 312Sh(25.000) 297(13,300)
328(13,300)

3-Methyl (X) 253(13,400) 255(17,300)
284(19,700) 300(13,700)

3-Ethyl (IV) 252(14,500) 255(19,700)
283(18,400) 300(15,200)

2-Phenyl 303(21,200) 250(27,200)
336(26,600) 304(15,400)

347(19,400)

7-Dimethylamino-v-triazolo(d)pyrimidine (VII)
VII 286(12,400) 292(18,200f
2-Methyl (XII) 303(16,200) 309(15,100)
2-Ethyl (X III) 303(16,500) 308(15,300)
2 •( d-D-Ribofuran- 310(17,000) 314(14,800)

osyl)17 (IX)
2-( 2,4.6-T richloro- 314(16,000) 323(14,200)

phenyl) (XVIII)
1-Ethyl (XIV) 308(17,800) ! 299(14,800)
3-Ethvl (V) 275(14,400) 296(15,000)

“ Sh =  shoulder. 6 Except for VI and VII the spectra in
methanol and 0.1.V NaOIi are essentially identical for any
one compound. The spectra for VI and VII were run in
O.LV NaOH.

postulated 1-ethyl derivitive15 16 (XIV) shows a hypsochromic 
shift of its maximum in passing from the cation (0.1/V HC1) 
to the neutral molecule.

Although ultraviolet absorption spectra comparisons alone 
may not be considered a rigorous proof of structure the 
authors feel that the evidence for the correctness of the 
assigned structures is very strong.

Daring the course of this work XVII was treated 
with refluxing 6N  hydrochloric acid for seven hours 
and gave an easily separable mixture of 5,7-dihy- 
droxy-2(2,4,G -trichlorophenyl) - 2 H -v-triazolo(d)- 
pyrimidine and 7-dimethylamino-5-hydroxy-2- 
(2,4,6-trich!oropheny])-2H-v-triazolo(d)pyrimidine.

E X PE R IM E N T A L 16

4 - A  m in o -S -d im e th y la m in o p y r im id in e . 4-Amino-6-dimeth- 
ylamino-2-methylmercaptopyrimidme10 (2.0 g., 11 mmoles), 
75 ml. of 2-methoxyethanol and excess Raney nickel were

(15) I t  would have been desirable to have had an authen
tic sample of 7-dimeth\’lamino-l-ethyl-lH-v-triazolo(d)- 
pyrimidine (XIV) available for direct comparison. However, 
several attempts to convert 4-amino-6-dimethylamino-6- 
ethylaminopyrimidine to XIV by the use of nitrous acid 
failed to give the desired product.

(16) The melting points were corrected for the exposed 
stem of the thermometer.

Fig. 2. Ultraviolet absorption spectra of derivatives of
7 - dimethylamino - v - triazolo(d)pyrimidine: ------, 0.1 ¥
sodium hydroxide or methanol ( lO y /m l) ; -------- , 0.1.V
hydrochloric acid (lOy/ml.)

mixed and heated on the steam bath for 2 hr. with stirring. 
Fresh Raney nickel was added and the mixture was heated 
another hour. The mixture was filtered and the catalyst 
was extracted with warm 2-methoxyethanol. The filtrates 
were combined and evaporated to 10 ml. i n  va cu o , diluted 
with water, and the product collected; yield: 0.3 g. of 
recovered starting material; melting point and mixed melt
ing point with the starting material, 164-166°.

The filtrate was evaporated to dryness and the residue 
dissolved in a minimum amount of hot ethanol and cooled;
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yield: 0.5 g. (39% based on recovered starting material): 
m.p. 206-208°. This was recrystallized from 5 ml. of ethanol; 
yield: 0.3 g., m.p. 207-209°.

A n a l .  Calcd. for CJToN, (138): C, 52.2; H, 7.2; N, 40.6. 
Found: C, 52.1; H, 7.3; N, 40.8.

4 ,5 - D ia m in o -6 - d im e th y la m in o p y r im id in e . 4,5-Diamino-6- 
dimethylamino-2-methylmercaptopyrimidine10 (20 g., 0.1 
mole) was dissolved in 400 ml. of 2-methoxyethanol and 
slurried with 200 g. of Raney nickel catalyst. The mixture 
was heated on the steam bath with stirring for 1 hr. The 
catalyst was removed by filtration and the filtrate was 
evaporated to dryness i n  va cu o . The residue was recrystal
lized from 350 ml. of benzene; yield varied from 6 to 10 g. 
(39—65%); m.p. 157-159°. This material was satisfactory for 
subsequent reactions. For analyses a small sample was sub
limed; m.p. 158-160°.

A n a l .  Calcd. for C6HUN6 (153): C, 47.0; H, 7.2; N, 45.7. 
Found: C, 47.5; H, 7.5; N, 45.5.

7 -D im e ih y la m in o -v - tr ia z o lo { d )p y r im id in e  (VII). 4,5-Di- 
amino-6-dimethylaminopyrimidine (4.3 g., 28 mmoles) was 
was dissolved in a solution of 30 ml. of water and 5 ml. of 
acetic acid. After the addition of a solution of 2.0 $•. (29 
mmoles) of sodium nitrite in 5 ml. of water a solid appeared. 
The mixture was cooled and the product collected; yield:
4.4 g. (95%), m.p. 279-281°.

A n a l .  Calcd. for C,H,N, (164): C, 43.9; H, 4.9; N, 51.2. 
Found: C, 44.2; H, 5.2; N, 51.6.

7 -  D im e th y la m in o  - 3 - e th y l -  5  -m e th y lm e r c a p to -S H -v - tr ia zo lo -
( d ) p y r im id in e  (IV). A solution of 2.0 g. (8.3 mmoles) of 6- 
dimethylamino - 4 - ethylamino- 2-methylmercapto-5-mtroso- 
pyrimidine7 in 40 ml. of warm acetone was added to a solu
tion of 4.0 g. of sodium hydrosulfite in 20 ml. of water. This 
was shaken and warmed until the blue color disappeared. 
The mixture was diluted with 80 ml. of water and extracted

W a v e l e n g t h  rty j.

Fig. 3. Ultraviolet absorption spectra of 7-dimethyl-
amino - 3 - ethyl - 3H - v - triazolo(d)pvrimidine (V): ------,
0.1 A7 sodium hydroxide l()y /m l.);-------- , 0. I N  hydrochloric
acid (lOy/ml)

with three 50-ml. portions of chloroform. The chloroform 
solution was dried with magnesium sulfate and filtered and 
the filtrate was evaporated to dryness. The residue (crude 
triamine III)  was dissolved in a solution of 100 ml. of warm 
water and 10 ml. of acetic acid and mixed with a solution of 
600 mg. of sodium nitrite in 10 ml. of water. A precipitate 
formed immediately. After 5 min. on the steam bath the 
mixture was cooled; yield: 1.4 g. (70%). This product was 
recrystallized from a solution of 25 ml. of acetic acid and 
50 ml. of water; yield: 0.6 g. (30%), m.p. 114-115°.

A n a l .  Calcd. for C9H14N6S (238): C, 45.4; H, 5.9; N, 35.3; 
S, 13.4. Found: C, 45.7; H, 6.2; N, 35.3; S, 13.9.

7 -D im e th y la m in o -8 -e th y l-8 H -v - tr ia z o lo (d )p y r im id in e  (V). A 
solution of 0.5 g. (2.1 mmoles) of IV in 40 ml. of warm 2- 
methoxyethanol was treated with several spoonfuls of 
Raney nickel catalyst and heated on the steam bath for 
1 hr. The mixture was filtered and the filtrate was evaporated 
to dryness. The residue was recrystallized once from 7 ml. 
of water (yield 120 mg.) and a second time from 7 ml. of 
heptane; yield: 80 mg. (20%), m.p. 80-81°.

A n a l .  Calcd. for C8H,2N„ (192): C, 50.0; H, 6.3; N, 43.7. 
Found: C, 50.2; H, 6.1; N, 43.3.

M é th y la t io n  o f  7 -d im e th y la m in o -5 -m e th y lm e r c a p to -v - tr ia zo lo -
(d ) p y r im id in e . A solution containing 4.1 g. (19.5 mmoles) 
of 7-dimethylamino-5-methylmercapto-v-triazolo(d)pyrimi- 
dine (VI),8 0.8 g. (20 mmoles) of sodium hydroxide, 80 ml. 
of water, 30 ml. of methanol, and 1.6 ml. (3.65 g., 25.6 
mmoles) of methyl iodide was heated to reflux on a steam 
bath for 1 hr. The mixture was cooled and the product col
lected; yield 2.8 g. The solid was dissolved in a minimum 
amount (about 250 ml.) of hot acetone and allowed to cool 
slowly to room temperature. The solid was collected and 
recrystallized from 135 ml. of hot acetone; yield 0.45 g. 
(10%); m.p. 236-238°. As described in the discussion, this 
was shown to be 7-dimethylamino-5-methylmereapto-2- 
methyl-2H-v-triazolo( d (pyrimidine ( XI ).

A n a l . Calcd. for C8H12N6S (224): C, 42.9; H, 5.4; N, 37.5; 
S, 14.3. Found: C, 43.1; H, 5.4; N. 37.0; S, 14.2.

The acetone filtrate remaining after removing the higher 
melting material was evaporated to about 65% of its 
original volume and cooled to 0°; yield 1.2 g. This was re
dissolved in 70 ml. of hot acetone, cooled just to room tem
perature, and filtered. The filtrate was cooled to 0° and the 
product collected; yield 0.85 g. (19%); m.p. 186-188°. This 
had ultraviolet absorption spectra essentially identical 
with those of IV and was therefore 7-dimethylamino- 
5 - methylmercapto - 3 - methyl-3H-v-triazolo(d)pyrimidine
(X).

A n a l .  Calcd. for C8H)2N6S (2241; C, 42.9; H, 5.4; N, 37.5; 
S. 14.3. Found: C, 43.1; II, 5.4; N, 37.4; S, 14.6.
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7 -D im e th y la m in o -2 -m e th y l-3 H -v - tr ia z o lo (d )p y r im id in e
(XII). 7-Dimethylamiro-5-methylmercapto-2-methyI-2H-v- 
triazolo(d)pyrimidino (XI) (500 mg.; 2.22 mmoles) in 75 ml. 
of 2-methoxyethanol was desulfurized with Raney nickel 
in the usual manner. After removal of the catalyst the solu
tion was evaporated to dryness. The residue was extracted 
with 12 ml. of boiling acetone which upon cooling gave 140 
mg. (35% yield) of a crystalline product; m.p. 193-195°. 
Recrystallization from acetone did not change the melting 
point.

A n a l .  Calcd. for C,H10N6 (178): C, 47.2; H, 5.6; N, 47.2. 
Found: C, 47.6: H, 5.9; N, 46.8.

E th y la t io n  o f  7 -d im e th y la m in o -v - tr ia z o lo { d )p y r im id in e . A 
solution containing 2.0 g. (12.2 mmoles) of 7-dimethyl- 
amino-v-triazolo(d)pyrimidine (VII), 15 ml. of methanol,
6.5 ml. of 2N  sodium hydroxide, and 1.06 ml. (2.05 g., 13 
mmoles) of ethyl iodide was heated at reflux for 135 min. 
The clear yellow solution was evaporated to a gum i n  vacuo . 
The gum was dissolved in 15 ml. of a 10% sodium hydroxide 
solution and extracted with 40 ml. of chloroform followed by 
three 25-ml. portions of chloroform. The chloroform solu
tion was dried over sodium sulfate and evaporated to a gum. 
The addition of heptane gave a solid which was collected; 
yield 414 mg. (fraction I). Upon standing the filtrate gave 
more solid; yield 545 mg. (fraction II); m.p. 65-105°. The 
filtrate from fraction II  was evaporated to a gum and 
heptane added again to give 250 mg. of solid which was 
added to fraction II.

Fraction I (414 mg.) -was recrystallized from 35 ml. of 
benzene; yield: 230 mg., m.p. 205-206°. As described in the 
discussion this was shown to be 7-dimethylamino-l-ethyl- 
lH-v-triazolo(d)pyrimidine (XIV).

A n a l . Calcd. for CSH12N6 (192): C, 50.0; H, 6.3; N, 43.7. 
Found: C, 50.2; H, 6.6; N, 43.7.

When fraction II was recrystallized frcm heptane and 
cooled in an ice bath, the product (fraction III) had es
sentially the same melting point as fraction II. However, 
the filtrate from fraction I I I  was evaporated to dryness 
and the residue was recrystallized from heptane to give a 
product with m.p. 80-81°. This was shown by mixed 
melting point and ultraviolet absorption spectra to be 
identical w-ith authentic 7-dimethylamino-3-ethyl-3H-v- 
triazolo(d)pyrimidine (V).

When fraction III  was dissolved in hot heptane and cooled 
slowly to room temperature the product melted a t 116— 
119°. Another recrystallization from heptane gave a product 
melting at 117-119°. This was shown to be 7-dimet.hyl- 
amino-2-ethyl-2H-v-triazolo(d)pyrimidine (X III).

A n a l .  Calcd. for CsH i2N5: C, 50.0; H, 6.3; N, 43.8. Found: 
C, 50.5; H, 6.6; N, 43.7.

B is (7 -d im e th y la m in o -5 r -m e th y lm e r c a p tc -v - tr ia zo lo (d )p y r im i-  
d in e )  m e r c u r y . A solution of 0.33 g. (1.6 mmoles) of 7-di
methyl amino - 5-methylmercapto - v - triazoIo(d)pyrimidine
(VI)8 in 40 ml. of warm 50% ethanol was treated with 0.8 
ml. of 2N  sodium hydroxide followed by 0.22 g. (0.85 
mmole) of mercuric chloride dissolved in 3A ethanol. The 
salt precipitated immediately. The mixture was cooled and 
the product collected; yield: 0.45 g. (93%).

A n a l .  Calcd. for C14H18N,2S2Hg (619): C, 27.2; H, 2.9; 
N, 27.2. Found: C, 27.3; H, 3.3; N, 27.1.

7 -D im e th y la m in o -5 -m e th y lm erca p to -2 -( l3 -i> -r ib o fu ra n n sy l)-  
S H -v - tr ia z o lo (d )p y r im id in e  (V III).17 l-Acetyl-2,3,5-tri-0-
benzoyM-D-ribose9 (2.5 g., 5 mmoles) was dissolved in 10 
ml. of acetyl chloride and the solution was poured into 50 
ml. of anhydrous ether saturated with dry hydrogen chloride 
at ice-bath temperature. The solution remained a t 3° for 
3 days. I t  was then evaporated to a gum i n  vacuo  on a steam 
bath and evaporated three times with 45-ml. portions of

(17) The beta  configuration is assumed on the basis of 
analogy and theoretical grounds for which see B. R. Baker 
in T h e  C h e m is tr y  a n d  B io lo g y  o f  P u r in e s , Ciba Foundation 
Symposium, Little, Brown and Co., Boston, Mass., 1957, p. 
120; B. R. Baker et a l., J .  O rg. C h e m ., 19, 1786 (1954).

benzene. Meanwhile, 1.3 g. (2.1 mmoles) of bis(7-dimethvl- 
amino-5-methylmercapto-v-triazolo(d)pyrimidine) mercury 
was suspended in 100 ml. of dry xylene and 20 ml. distilled 
with stirring to dry the solid. The sugar derivative was dis
solved in 20 ml. of dry xylene and added to the mercury 
derivative suspension. Another 25 ml. of xylene was distilled 
and the mixture was refluxed and stirred for 2.5 hr. The hot 
mixture was filtered and the filtrate was evaporated to dry
ness. The residue was dissolved in 100 ml. of chloroform, 
filtered from traces of solid material, and washed with 15 
ml. of 30% aqueous potassium iodide solution followed by 
20 ml. of water. The chloroform solution was dried over 
sodium sulfate, filtered, and the filtrate concentrated to a 
yellow glass i n  vacuo . This was dissolved in 30 ml. of meth
anol containing 1.0 ml. of 1.02V methanolic sodium meth- 
oxide, refluxed for 45 min., and evaporated to a gum. 
Trituration with ether gave a white crystalline product 
which was recrystallized from water to give 250 mg. of 
crude product. This was recrystallized from 10 ml. of 
methanol; yield 87 mg. (5.5%); m.p. 171-172°.

A n a l .  Calcd. for C,2Hls0 4N6S-CH30H  (374): C, 41.7; H, 
5.9: N, 22.5; S, 8.6: CH30, 8.3. Found: C, 42.1; H, 6.1; N, 
22.6; S, 8.7; CH30, 7.6.

7 -D im e th y la m in o -2 -(@ -v -r ib o fiira n o sy l) -Z !H -v - tr ia zo lo (d )-  
p y r im id in e  (IX ).17 1-Acetyl-2,3,5-tri-0-benzoyI-/3-D-ribose9 
(2.5 g., 5 mmoles) was converted to the corresponding ribosyl 
chloride just as described for compound V III above. The 
reaction between this sugar derivative and 2.0 g. (5 mmoles) 
of chloromercuri-7-dimethylamino-v-triazolo(d)pyrimidine18 
was also carried out just as described for compound VIII. 
After washing with potassium iodide solution and drying, 
the solution was evaporated i n  vacuo  to a gum. The gum was 
dissolved in .35 ml. of methanol containing 2 ml. of 1.0W 
methanolic sodium methoxide and refluxed for 45 min. The 
solution was neutralized with acetic acid and evaporated to 
a solid. Methanol (50 ml.) was added and heated to boiling, 
the solution was filtered, and the filtrate allowed to cool 
to room temperature; yield: 517 mg., m.p. 220-221°. 
Recrystallization from 50 ml. of methanol gave 435 mg. 
(29%) of product with same melting point.

A n a l .  Calcd. for C,iHI60 ,N 6 (296): C, 44.6; H, 5.4; N,
28.4. Found: C, 44.6; H, 5.5; N, 28.5.

J ,-A m in o -6 -d im e th y la m in o -2 -m e th y lm e r c a p to -5 - (% A ,6 A r i-  
ch lo ro p h en y la zo )  p y r im id in e  (XV). 2,4,6-Trichloroaniline 
(10.0 g., 51.0 mmoles) was suspended in a solution of 100 ml. 
of coned, hydrochloric acid and 50 ml. of water and warmed 
to convert to the hydrochloride. This was cooled in an ice 
bath with stirring and treated with a solution of 3.7 g. of 
sodium nitrite in 30 ml. of water. The solid dissolved. The 
excess nitrous acid was destroyed with urea and the solution 
was then poured into 1300 ml. of water and ice containing 
115 g. of sodium bicarbonate.

A solution of 8.0 g. (37.0 mmoles) of 4-amino-6-dimethyl- 
amino-2-methylmercaptopyrimidine hydrochloride10 in 350 
ml. of warm water was added, with stirring, to the diazonium 
solution. An orange precipitate appeared during the addi
tion. The product was collected and recrvstallized from 600 
ml. of 2-methoxyethanol; yield 11.4 g. (79%); orange-red 
crystals; m.p. 247-249°.

A n a l .  Calcd. for C13H,3N6SC13 (391.6); C, 39.9; H, 3.4; 
N, 21.4. Found: C, 40.1; H, 3.4; N, 21.6.

4 -A m in o -6 -d im e th y la m in o -6 - (2 ,4 ,6 - tr ic h lo r o p h e n y la zo )~  
p y r im id in e  (XVI). A solution of 0.41 g. (3 mmoles) of 4- 
amino-6-dimethylaminopyrimidine in 15 ml. of water was 
added to the diazonium chloride solution prepared from 0.8 
g .  (4 mmoles) of 2,4,6-trichloroaniline in the manner de
scribed above. The initial gelatinous product was converted 
to a solid by heating a short time on the steam bath. After 
cooling the product was collected; yield: 1.1 g. (88%),

(18) The chloromercuri derivative of VII was prepared 
just as described for the mercury derivative of VI except 
that one mole of mercuric chloride was used,
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m.p. 225-227°. Recrystallization from 60 ml. of 2-methoxy- 
ethanol gave 0.9 g. (72%) of product; orange needles; m.p. 
230-232°.

A n a l  Calcd. for C12H;1N6C13 (345.6): C, 41.8; H, 3.2; N,
24.4. Found: C, 41.5; H, 3.7; N, 24.8.

7 -D im e th y la m in c -5 -m e th y lm e rc a p to -% -(2 ,4 ,6 -tr ic h lo ro p h e n -  
y l ) -2 H - v - tr ia z o lo ( d ) p y r im id in e  (XVII). A mixture of 0.8 g. 
(2 mmoles) of 4-amino-6-dimethylamino-2-methylmercapto
5-(2,4,6-trichlorophenylazo)pyrimidine ( X V ) ,  2.5 g. of cop
per sulfate'pentahydrate, 7.0 ml. of water, and 14.0 ml. of 
pyridine was heated at reflux for 4 hr. The solution was then 
diluted with 50 ml. of water and cooled overnight; yield 
0.75 g. (94%); m.p. 214-216°. This was recrystallized from 
7 ml. of 2-methoxyethanol; yield: 0.58 g. (72%). m.p. 216- 
217°.

A n a l .  Calcd. for CisHuNeSCh (389.6): C, 40.1; H, 2.8; 
N. 21.6; S, 8.2; Cl, 27.4. Found: C, 39.9; H, 3.1; N, 21.8; 
S, 8.4; Cl, 27.3.

7 -D im e th y la m in o -% -(2 .,4 ,6 - tr ic h lo ro p h e n y l)-2 H -v - tr ia zo lo -
( d ) p y r im id in e  (XVIII). A mixture of 0.85 g. (2.5 mmoles) 
of 4-amino-6-dimethylamino-5-(2,4,6-trichlorophenylazo)- 
pyrimidine (XVI), 2.5 g. of copper sulfate pentahydrate, 
7 ml. of water, and 14 ml. of pyridine were heated to reflux 
for 5 hr. The mixture was diluted with several volumes of 
water and cooled; yield 0.7 g. (83%); m.p. 262-267°. 
Recrystallization from 15 ml. of 2-methoxyethanol gave 0.55 
g. (65% yield) of product; m.p. 266-268°.

A n a l .  Calcd. for C,2H 9N6C13 (343.6): C, 41.9; H, 2.7; N, 
24.5; Cl, 31.0. Found: C, 41.9; H, 2.8; N, 24.8; Cl, 30.6.

A c i d  h y d r o ly s is  o f  7 -d im e th y la m in o -5 -m e th y lm e r c a p to -3 -  
(2 ,4 ,6 - tr ic h lo r o p h e n y l) -2 H -v - tr ia z o lo (d )p y r im id in e  (XVII). A 
solution of 300 mg. (0.77 mmole) of XVII in 15 ml. of 6N  
hydrochloric acid was heated to reflux for 8 hr. during 
which time a crystalline solid separated. The solid was col
lected (yield 60 mg. (23%)), dissolved in 3 ml. of hot 2- 
methoxyethanol and 2 ml. of hot water added. Cooling gave 
35 mg. of 5,7-dihvdroxy-2-(2,4,6-trichlorophenyl)-2H-v- 
triazolo(d)pyrimidine; m.p. >300°. Ultraviolet absorption 
spectra in OTA'' sodium hydroxide, Xma![ 317 m/x (e 7,700); 
methanol, Xmax 280 m/x (e  10,700); 0.1V hydrochloric acid, 
r̂aax 281 m/x (e 11,700).

A n a l .  Calcd. for CuJRNtChCl, (332.6): C, 36.1; H, 1.2; 
N, 21.0: Cl, 32.0. Found: C, 36.2; H, 1.5; N, 20.8: Cl, 32.0.

The 6V hydrochloric acid filtrate from the reaction was 
diluted to 70 ml. with water _nd brought to pH 4 with 
sodium acetate. A crystalline product separated; yield: 
160 mg. (57%). This was recrystallized from 5 ml. of 2- 
methoxyethanol to give 80 mg. of 7-dimethylamino-5- 
hydroxy-2-(2,4,6- trichlorophenyl) - 2H - v- triazolo(d)pyrimi- 
dine; m.p. >300°. Ultraviolet absorption spectra in 0.1V 
sodium hydroxide, X^* 280 m/x (e 6,800), 334 m/t (e 9,500); 
methanol, Xmax 287 m/x (e 16,500), 0.1V hydrochloric acid, 
Xm„  299 m/x (e 12,900).

A n a l .  Calcd. for C12H„N60C13 (359.6): C, 40.1; H, 2.5; 
N, 23.4; Cl, 29.6. Found: C, 39.9; H, 2.8, N, 23.3; Cl, 29.7.

4 -A m in o -6 -d im e th y la m in o -2 -m e th y lm e r c a p to -5 -p h e n y la z o -  
p y r im id in e . Aniline (4.7 g., 50 mmoles) was diazotized as 
described by Bensen et a l l  and the diazonium solution was 
coupled with 9.2 g. (50 mmoles) of 4-amino-6 dimethyl- 
amino-2-methylmercaptopyrimidine dissolved in a solution 
of 300 ml. of water, 115 ml. of acetic acid, and 52 g. of sodium 
acetate; yield: 8.1 g. This was recrystallized from 100 ml. 
of 2-methoxyethanol; yield: 7.2 g. (50%) of an orange 
product, m.p. 197-198°.

A sample (0.45 g.) was recrystallized from 80 ml. of 
ethanol; yield: 0.25 g.. m.p. 198-199°.

A n a l .  Calcd. for ClsH,6N6S (288): C, 54.2; H, 5.7; N, 29.2; 
S, 11.1. Found: C, 53.8; H, 5.6; N, 29.0; S, 11.0.

7 -D im e th y la m m o -5 -m e th y lm e rc a p to -2 -p h e n y l-H H -v - tr ia z o lo -  
( d )p y r im id in e . A solution of 6.5 g. (22.6 mmoles) of 4-amino-6- 
dimethylamino- 2 - methylmercapto - 5 - phenylazopyrimi dine,
16.7 g. of copper sulfate pentahydrate, 64 ml. of pyridine, 
and 34 ml. of water was heated a t reflux for 2.5 hr. and 
cooled; yield of product 6.3 g. (98%); m.p. 193-194°; 
mixed melting point with starting material 165-180°.

A sample (0.5 g.) was recrystallized from 80 ml. of 
ethanol; yield of light yellow crystalline product 0.4 g.; 
m.p. 194-195°.

A n a l .  Calcd. for CJ3H „N 6S (286): C, 54.6; H, 4.9; N,
29.4. Found: C, 54.4; H, 5.9; N, 29.7.
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P o ten tia l P u rin e  A n ta g o n ists. X X III. S y n th esis  o f  Som e 7 -S u b stitu ted  A m in o-
v -triazo lo (d )p yrim id in es1

RONALD WEISS, ROLAND K. ROBINS, and C. WAYNE NOELL

R eceived  N o v em b er 11 , 1959

The preparation of certain 7-alkylamino-v-triazolo(d)pyrimidines from 7-met,hylthio-v-triazolo(d)pyrimidine (XIV) has 
been accomplished. Some 7-alkylthio-5-amino-v-triazolo(d)pyrimidines have been synthesized by ring closure of the corre
sponding 6-alkylthio-2,4,5-triaminopyrimidines with nitrous 
prepared.

The antitumor activity of 5-amino-7-hydroxy-v- 
triazolo(d) pyrimidine2 (8-azaguanine) and 6-amino-

(1) Supported by research grant CY-4008 from the 
National Cancer Institute of the National Institutes of 
Health, Public Health Service. Presented before the Division 
of Medicinal Chemistry at the 136th Meeting of the Ameri
can Chemical Society, September 18, 1959, Atlantic City, 
N. J.

acid. 5-Amino-7-methoxy-v-triazolo(d)pyrimidine has been

4-hydroxypyrazolo (3,4-d) pyrimidine3 strongly sug
gested the possibility that antitumor activity 
similar to that exhibited by the 4-substituted-

(2) G. W. Kidder, V. C. Dewey, R. E. Parks, and G. L. 
Woodside, C a n cer  R esea rch , 11, 204(1949).

(3) H. E. Skipper, R. K. Robins, J. R. Thomson, C. C. 
Cheng, R. W. Brockman, and F. M. Schabel, Jr., C ancer  
R e se a rc h , 17, 583 (1957).
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amïnopyrazolo(3,4-d)pyrimidines (I)3 might also be 
found with isomeric derivatives of 7-substituted- 
amino-v-triazolo(d)pyrimidine (II).

H H
I I

R ,—N—R2 R ,— N—R2
I II

The synthesis of compounds of type II has now 
been accomplished in several steps from 4-amino-G- 
chloro-5-nitropyrimidine (III).4

Treatment of 4-amino-6-chloro-5-nitropyrimidine 
with a dialkylamine resulted in the preparation of 
the corresponding 4-amino-6-dialkylamino-5-nitro- 
pyrimidine (IV) which was reduced with hydrogen 
in the presence of Raney nickel to the correspond
ing 6-dialkylamino-4,5-diaminopyrimidine (V). Cy- 
clization of V with nitrous acid gave the desired 7- 
dialkylamino-v-triazolo(d) pyrimidine (VI). The 7- 
dialkylamino-v-triazolo(d) pyrimidines (VI) pre
pared in this manner are listed as the first three 
compounds in Table I. The cyclization of 4,5- 
diamino-6-methylaminopyrimidine (VII)5 with*ni
trous acid could theoretically give rise to either 7- 
methylamino-v-triazolo(d)pyrimidine (VIII) or 7- 
amino-3-methyl-v-triazolo(d)pyrimidine (IX).

TABLE I
U ltraviolet  Absorption  Spectra  o p  Some 7-Alkyl- 

amino-v-T riazolo((I)Pyrim id in es

R
I

R - N —R2

R R i r 2

pH 1 pH 11
X max, 

m/x €
Xmax,

m/x e
H CH, c h 3 287 15,300 294 32,400
H c 2h 5 c 2h 5 287 11,400 294 16,600
H n - C 3l h n-C3H7 290 10,800 295 15,900
c h 3 H H 263 12,900 277 12,400
c h 3 H c h 3 270 12,800 288 12,700
c h 3 C,II3 c 2h 6 278 19,200 298 17,500
c 2h , H c 2h 5 271 11,600 289 11,600

Ring closure of 4,5-diamino-6-methylaminopy- 
rimidine (VII) with nitrous acid gave exclusively 
7-amino-3-methyl-v-triazolo(d)pyrimidine (IX).

The structure of IX was established by inde
pendent synthesis from 3-methyl-7-methylthio-v- 
triazolo(d)pyrimidine (XII) and hot aqueous am
monia. The preparation of XII was accomplished

(4) S. M. Greenberg, L. O. Ross, and R. K. Robins, J .  
O rg. C h e m ., 24, 1314 (1959).

(5) W. Daly and B. E. Christensen, J .  O rg. C h em ., 21, 
177(1956).

in two steps from 5-amino-4-methylamino-6-pyr- 
imidinethiol.6

The ease of nucleophilic displacement of the 
methylthio group of 3-methyl-7-methylthio-v-tri- 
azolo(d)pyrimidine (XII) suggested that this might 
be a useful method of preparing a number of de
sired 7-alkylamino-v-triazolo(d)pyrimidines unsub
stituted at position 3.

r

CH, 
I

N NH

N: NH,
SH

X

nN

NH2
IX

CH, 

N NH
CH;I

N- NH2 
SCH3 

XI
r.' HONG

c h 3 -o X

N
f  Y

n h 4o h 1 II II
— N

s c h 3
XII

The synthesis of 7-methylthio-v-triazolo(d)pvr- 
imidine (XIV) was accomplished in good yield 
from 4,5-diamino-6-methylthiopyrimidine (XIII)7 
and nitrous acid.

Treatment of XIV with various primary amines 
in refluxing aqueous solution gave the desired 7- 
alkylamino-v-triazolo(d)pyrimidines XV listed in 
Table II.

The replacement of the methylthio group has 
similarly been accomplished in the purine series to 
give 6-substituted-aminopurines.8’9 Substitution of

the 2-methylthio group by amines has similarly 
been reported for 6-hydroxy-2-methylthiopurine.10

(6) R. K. Robins and H. H. Lin, J .  A m .  C h em . S o c ., 7 9 , 
490(1957).

(7) A. Albert, D. J. Brown, and H. C. S. Wood, J .  
C h em . S o c ., 3832(1954).

(8) G. B. Elion, E. Burgi, and G. H. Hitchings, J .  A m .  
C h em . S o c ., 7 4 , 411 (1952).

(9) J. A. Montgomery, L. B. Holum, and T. P. Johnston, 
J .  A m .  C h em . S o c ., 8 1 , 3903 (1959).

(10) G. B. Elion, W. H. Lange, and G. II. Hitchings, J .  
A m .  C h em . S o c ., 7 8 , 217 (1956).
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However, in each instance of replacement of the 
methylthio group by an amine reported in the 
purines, temperatures of 130° to 160° were em
ployed. These conditions require sealed tubes or 
pressure reaction vessels. It is quite significant 
that the presence of an additional nitrogen atom 
at position 8 of the purine ring lowers the electron 
density in the pyrimidine ring to the extent that 
nucleophilic displacement of the methylthio group 
by amines can be effected without, recourse to 
sealed tube procedures.

The preparation of 7-dimethylamino-v-triazolo-
(d)pyrimidine was likewise accomplished from XIV 
and aqueous methylamine.

The preparation of 3-ethyl-7-ethylamino-v-tri- 
azolo(d) pyrimidine (XVIII R = C 2H5) and 3- 
methyl-7-methylamino-v-triazolo(d) pyrimidine (X- 
VIII R =C H 3) was accomplished according to re
action scheme I.

R
I

HN— R 
XVIII

RNH,
(excess)

HONO

H
N M ------R

r r
"n o 2

H N -R
XVI

N-

Ni
(H)

;N
R
I

NH

NH2
HN—R 

XVII
R e a c t io n  S c h e m e  I

Because of the antitumor activity of 6-bcnzyl- 
thiopurine,11 6-benzylthio-4,5-diaminopyrimidine
(XIX)12 was cyclized with nitrous acid to give 7- 
benzylthio-v-triazolo (d) py rimidine(XX).

Interest in the antitumor activity of several 6- 
alkylthio-2-aminopurines11-13 suggested the prepa
ration of some related 7-alkylthio-5-amino-v- 
triazolo(d)pyrimidines. The simplest compound 
of this type, 5-amino-7-methylthio-v-triazolo(d)- 
pyrimidine (XXII) was prepared from 6-methyl- 
thio-2,4,5-triaminopyrimidine (XXI)14 * and nitrous 
acid. A number of additional 7-alkylthio-5-amino- 
v-triazolo(d) pyrimidines were prepared by ring 
closure of the corresponding 6-alkylthio-2-amino-
4,5-diaminopyrimidines.14 (See reaction scheme
II.) These compounds are listed in Table III.

(11) H. E. Skipper, J. A. Montgomery, J. R. Thomson, 
und F. M. Schabel, Jr., C a n cer R e se a rc h , 19, 425 (1959).

(12) G. B. Elion, W. H. Lange, and G. H. Hitchings, 
./. A m .  C h cm . S o c ., 78, 2858 (1950).

(13) D. A. Clarke, G. B. Elion, G. H. Hitchings, and C. C. 
¡Stock, C a n cer R esea rch , 18, 445 (1958).

(14) G. D. Daves, Jr., C. W. Noell, R. K. Robins, H. C.
Koppel, and A. G. Beaman, “Potential Purine Antagonists.
XXII ,1 n r  Che.m. S o c . (in press)

H2N-Y Ny NH! 

n Y ^ n h 2 
s c h 3
XXI

N '

■n h 2

n h 2
o c h 3

XXIV

HONO

HONO

h 2n

o c h 3
XXIII

REACTION SCHEME II

Attempts to prepare o-amino-7-chloro-v-triazolo-
(d)pyrimidine from XXII with chlorine in meth
anol gave instead 5-amino-7-methoxy-v-triazolo-
(d)pyrimidine XXIII. This reaction was unex
pected, as 2-amino-6-methylthiopurine under simi
lar conditions gives 2-amino-6-chloropurine.14 That 
XXIII was indeed 5-amino-7-methoxy-v-triazolo-
(d) pyrimidine was established by ring closure of
6-methoxy-2,4,5-triaminopyrimidine (XXIV)16 with 
nitrous acid to yield XXIII identical to the product 
obtained from 5-amino-7-methylthio-v-triazolo(d)- 
pyrimidine (XXII).

E X P E R IM E N T A L 16

P r e p a r a t io n  o f  4 -o -m in o -5 -n i tr o -6 -n i-n -p r o p y la m in o p y r im i-  
d in e  (IV). To 85 ml. of p-dioxane, containing 6 g. of 4-amino- 
O-chloro-S-nitropyrimidine,11 was added 6.7 g. of di-n-propyl- 
amine. The mixture was stirred for 30 min., cooled, and then 
poured onto 100 g. of ice water. The precipitate which formed 
was filtered and washed with water. The dried crude product 
was recrystallized from absolute ethanol to yield 7 g. of 
crystalline needles, m.p. 115-117°.

A n a l .  Calcd. for CioHnN.JL: C, 50.2; H, 7.1; X, 29.¡1. 
Found: C, 49.9; H, 7.4; N, 29.6.

J ,5 - D ia m in o - 6 -d i - n -p r o p y la m in o p y r im  id in e  (V). Five 
grams of 4-amino-6-di-n-propylamino-5-nitropyrimidine was 
dissolved in 150 ml. of methanol, and the solution was 
shaken with Raney nickel catalyst at a hydrogen pressure 
of approximately 40 p.s.i. for 1 hr. The solution was boiled 
with charcoal and filtered, and the filtrate was evaporated 
to dryness under reduced pressure. The crude product was 
recrystallized from ethyl acetate to yield 3.7 g. of light- 
green needles, m.p. 108-110°.

A n a l .  Calcd. for CioHisNs: C, 57.4; H, 9.1; N, 33.5. Found: 
C, 57.1; H, 9.1; N, 33.2.

7 -D i-n -p r n p y la m in o -v - tr ia z o lo (  d ) p y r im id in c  (VI). One
gram of 4,5-diamino-6-di-n-propylaminopyrimidine was 
dissolved in 30 ml. of water containing 10 ml. of glacial 
acetic acid. To this cold solution was added, with stirring, 
a solution of 0.6 g. of sodium nitrite in 10 ml. of water. A pre
cipitate formed almost immediately. The product was 
filtered and washed with water to yield 0.7 g. of compound. 
A small portion was recrystallized from petroleum ether 
to give a melting point of 104-106°.

(15) B. Roth, J. M. Smith, Jr., and M. E. Hultquist, ./. 
A m .  C h e m . S o c ., 73, 2869 (1951).

(16) All melting points are uncorrected and were taken 
on a Fisher-Johns melting point apparatus, unless otherwise 
stated.
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A n a l . Calcd. for CiCH,-6N6: C, 54.6; H, 7.3; N, 38.2. Found: 
C, 54.8; H, 7.4; X. 38.6.

7-D ie th y la m  in o -v-tr  iazo lo i d ) p y r im id in e  (VI). Preparation 
of this compound by the cvclization of 4,5-diamino-6-di- 
ethylaminopyrjmidine17 with nitrous acid was carried out 
in a manner identical to that employed for the preparation 
of 7-di-ra-propylamino-v-triazolo(d)pyrimidine previously 
described. The product was recrystallized from water to give 
white crystals, m.p. 188-190°.

A n a l .  Calcd. for CsH^Ns: C, 50.0; H, 6.3; X, 43.7. Found: 
C, 50.0; H, 6.6; XT, 43.4.

7 -M e th y l th io -v - tr ia z o lo (d )p y r im id in e  (XIV). Two grams 
of 4,5-diamino-6-methylthiopyrimidine7 was added to 110 
ml. of water, containing 0.9 ml. of sulfuric acid. The mix
ture was filtered and cooled. To this solution was added, 
with stirring, 1 g. of sodium nitrite in 10 ml. of water. The 
product was filtered and washed with petroleum ether to 
give 1.5 g. of product which was recrystallized from water 
to give white needles, m.p. 203-205°.

A n a l .  Calcd. for CsH5N5S: C, 35.9; H, 2.9; N, 41.8. 
Found: C, 35.7; H, 2.7; N, 41.5.

7 - B e n z y l th io -v - lr ia z o lo (d )p y r im id in e  ( X X ) .  One gram of
6-benzylthio-4,5-diaminopyrimidine12 was dissolved in 35 
ml. of water, containing 7 ml. of hydrochloric acid. A solution 
containing 0.7 g. of sodium nitrite in 10 ml. of water was 
added slowly with stirring. The product was filtered and 
washed with petroleum ether to yield 1 g. Recrystallization 
from water yielded white crystals, m.p. 164-166°.

A n a l .  Calcd. for CnH sN5S: C, 54.4; H, 3.7; XT, 28.9. Found: 
C, 54.4; H, 3.7; XT, 29.3.

P r e p a r a t io n  o f  7 -a lk y la m in o -v - tr ia z o lo (d )p y r im i< lin e s  (see 
Table II). E x a m p le  A .  7 - F u r fu r y la m in o - v - tr ia z o lo ( d )p y r im i-  
d ir.e . Seven grams of 7-methylthio-v-triazolo(d)pyrimidine
(XIV) was placed in a solution of 100 ml. of water to which 
had been previously added 8 g. of furfurylamine. This mix
ture was then refluxed for 4 hr. The solution was evaporated 
to dryness under reduced pressure using a steam bath as the 
source of heat. The crude product was collected and repre
cipitated from dilute ammonium hydroxide with glacial 
acetic acid to give 4.9 g. of compound. Recrystallization 
from ethvl acetate yielded white crystals, m.p. 255-257°.

A n a l . Calcd. for C9H8X60 : C, 49.8; H, 4.1; N, 38.7. 
Found: C, 50.1; H, 4.1; X, 39.1.

E x a m p le  B .  7 -D im e th y la n i in o -v - tr ia z o lo (d )p y r im id in e  (II). 
M e th o d  (1). 7-Methylthio-v-triazoIo(d)pyrimidine (2.0 g.) 
was placed in a solution of 50 ml. of water containing 40 ml. 
of dimethylamine (40% in water). This was then refluxed 
for 3 hr. The solution was then evaporated to dryness 
under reduced pressure using a steam bath as a source of 
heat, and the product was recrystallized from ethyl acetate 
to give 1.7 g., m.p. 288-290°.

M ethod . ( 3 ) . One gram of 4,5-diamino-6-dimethylamino- 
pyrimidine15 was dissolved in 50 ml. of water containing 
10 ml. of glacial acetic acid. To this cold solution was added, 
with stirring, a solution of 0.6 g. of sodium nitrite in 10 ml. of 
water. A precipitate formed almost immediately. The 
product was filtered and washed with water to yield 0.8 g. 
A small portion was recrystallized from ethyl acetate to 
yield white crystals, m.p. 288-290°. This product was 
identical with that prepared by method (1) as judged by 
mixed melting points and ultraviolet spectra at pH 1 and 
pH 11.

A n a l .  Calcd. for C6H8XT6: C. 43.8: H, 4.9; X, 51.2. Found: 
C, 43.9; H, 5.1; X, 51.5.

S -M e th y l-7 -m e th y la in in o - i '- tr ia z o lo (d )p y r i in id in e  (XVIII). 
Two grams of 5-amino-4,6-in.s(mcthylamino)pyrimidine6 
was added to 50 ml. of water, and the solution was adjusted 
to pH 5 with acetic acid. To this cold solution was added 
1 g. of sodium nitrite in 10 ml. of water. A precipitate formed 
almost immediately. The crude product was recrystallized 
from absolute ethanol to yield white crystals, m.p. 233-235°.

(17) \V. R. Boon and W. G. M. Jones, C h ew . S o c ..  
4104(1958).

A n a l .  Calcd. fo" ( '6H8X'6: C, 43.9; II, 4.9: X. 51.2. Found: 
C, 44.1 ;H, 5.0; X, 50.8.

3 -E lh y l-7 -e lh y la in in o -v - tr ia z o lo (d )p y r im id in e  ( W i l l ). Ten 
grams of 4,6-dichloro-5-nitropyrimidine18 was dissolved in 
200 ml. of ethyl alcohol. To this solution, which was con
stantly stirred, was added slowly 12 g. of ethylamine. The 
mixture was then boiled with charcoal and filtered, and the 
filtrate was evaporated to dryness under reduced pressure. 
A yellowish residue remained. The crude 4,6-bis(ethylamino)- 
pyrimidine was dissolved in 150 ml. of methanol, and the 
solution was shaken with Raney nickel catalyst at a hy
drogen pressure of approximately 40 p.s.i. for 1 hr. The 
solution was boiled with charcoal and filtered, and the fil
trate was evaporated to dryness under reduced pressure. 
The crude 5-amino-4,6-bis(ethylamino)pyrimidine was added 
directly to 25 ml. of water containing 5 ml. of acetic acid. 
To this cold solution was added 3 g. of sodium nitrite in 
10 ml. of water. A precipitate formed almost immediately. 
The crude product was recrystallized from ethanol to give 
a crystalline substance, m.p. 104-106°.

A n a l .  Calcd. for C8Hi2N6:C, 50.0; H, 6.8; N, 43.7. Found: 
C, 50.1; H, 6.2; X, 44.0.

7 -D ie th y la m in o -3 -m e th y l-v - lr ia z o lo (d )p y r  in i ¡d in e . Ten 
grams of 4-chloro-6-methylamino-5-nitrop3'rimidine6 was 
dissolved in 120 ml. of 1,4-dioxane. To this solution was 
slowly added 8.3 g. of diethylamine, and then the solution 
was heated and refluxed for 1 hr. The solution was then 
evaporated to dryness under reduced pressure. A dark 
brown, oil}7 residue remained. The crude material was dis
solved in 150 ml. of methanol, and the solution was shaken 
with Raney nickel catalyst at a hydrogen pressure of approxi
mately 40 p.s.i. for 1 hr. The solution was boiled with char
coal and filtered, and the filtrate was evaporated to dryness 
under reduced pressure. A dark brown residue remained. 
The crude material was dissolved in 50 ml. of water con
taining 7 ml. of acetic acid. To this cold solution was added, 
with stirring, 4 g. of sodium nitrite in 10 ml. of water. 
Stirring was continued for an additional hour. The product 
was filtered and washed with petroleum ether. A small por
tion of this compound was recn-stallized from heptane to 
give a melting point of 87-89°.

A n a l .  Calcd. for CqXT6Hi3: C, 52.4; H, 6.8; X, 40.8. Found: 
C, 53.0; H, 6.7; X, 41.2.

3 - M e th y l-7 -m e th y l th io -v - tr ia z o lo (d )p y r im id in e  (XII). Five 
grams of 5-amino-4-methylamino-6-pyrimidinethiol6 was 
dissolved in 50 ml. of I N  potassium hydroxide. The solution 
was stirred, and 2.5 ml. of methyl iodide was added. Stirring 
was continued for an additional 30 min. The product was 
filtered and washed with petroleum ether. The crude 5- 
amino-4-methylamino-6-methylthiopyrimidine was not puri
fied but added directly to 150 ml. of water containing 5 ml. 
of sulfuric acid. The solution was cooled to 10°. and 4 g. of 
sodium nitrite in 10 ml. of water was added with stirring. 
After an additional 10 min. of stirring, the pH was adjusted 
to pH 8-9, cooled, and filtered to yield 2.8 g. of product. 
Recrvstallization from water vielded white crystals, m.p. 
122-124°.

A n a l .  Calcd. for C6H-X5S: C, 39.7: H, 3.9; X’, 38.7. Found: 
C, 40.1: H, 4.2; X, 38.7.

7 - A m i  n o -3 -m e th y l- v - tr ia z o lo (d )p y n m id in e  (IX). M e th o d
(1 ) . One gram of 4,5-diamino-6-methylaminopyrimidine 
sulfate was dissolved in 75 ml. of water and cooled to 10°. 
Sodium nitrite (0.5 g.) in 10 ml. of water was added dropwise 
with stirring. The mixture was then allowed to stir for an 
additional 30 min. at room temperature. At the end of this 
time the pH was adjusted to 8. The product was filtered and 
washed with a small amount of cold water to yield 0.5 g. A 
small portion was recrystallized from absolute ethanol to 
give a melting point of 313-315°.

A n a l .  Calcd. for C5H6X6: C, 40.0; H, 4.0; X, 56.0. Found: 
C, 40.4; H, 4.4; X, 56.0.

(18) \V. R. Boon, \V. C. M. Jones, and G. R. Ramage, 
./. C h em . S o r ., 99 (1951).
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M e th o d  (2 ) . One gram of 3-methyl-7-methylthio-v-tri- 
azolo(d)pyrimidine was placed in 75 ml. of ammonium hy
droxide, and the solution was refluxed for 2 hr. The mixture 
was then cooled to yield 0.8 g. of product which was found 
to be identical to that produced by method (1) as judged by 
mixed melting point behavior.

P r e p a r a tio n  o f  7 -a lk y lth io -5 -a m in o -v - tr ia z o lo (d )p y r im id in c s .  
(See Table III). Example A. 6 -A m in o -7 -m e th y l th io -v - tr i -  
a z o lo (d )p y r im id in e  (XXII). Ten grams of 6-methy!-2,4,5- 
triaminopyrimidine14 was added to 30 ml. of acetic acid and 
100 ml. of water. The solution was stirred, and 6 g. of sodium 
nitrite, in 24 ml. of water, was added dropwise over a period 
of approximate!}' 20 min. The mixture was then allowed to 
stir an additional 30 min., and the precipitate was filtered 
and washed with water to give 3.4 g. of product. A small 
portion was recrystallized from a water-methanol solution to 
give a melting point of 282-284° dec.

A n a l .  Calcd. for C5H6N6S: C, 33.0; II, 3.3; N, 40.2. 
Found: C, 33.3; H 3.5; N, 46.5.

E x a m p le  I t .  5 -A m in o -7 -{p -c h lo r o b e n zy U h io )-v - tr ia :o lo (d  )- 
p y r im id in e . Ten grams of 6-p-chlorobenzylthio-2,4,5-tri- 
aminopyrimidine14 was added to 50 ml. of acetic acid and 
150 ml. of water. Ten grams of sodium nitrite, in 40 ml. of 
water, was then added dropwise over a period of approxi
mately 20 min. The mixture was then allowed to stir an addi
tional hour. The crude product was collected and reprecipi
tated from dilute potassium hydroxide by glacial acetic acid 
to give 3.5 g. of product. A small portion was recrystallized

from a water-ethanol solution for analysis, m.p. 242-244° 
dec.

A n a l .  Calcd. for C„HoN6S: C, 45.2; H, 3.1; N, 28.7. Found: 
C, 45.7; II, 2.8; X, 29.0.

5 -A m in o -7 -m e th o x y -v - tr ia z o lo { d )p y r im id in e  (X X III). 
M e th o d  (1 ). Five grams of 5-amino-7-methylthio-v-triazolo- 
(d) pyrimidine was added to 50 ml. of methanol, and chlorine 
gas was allowed to bubble through the solution for approxi
mately 20 min. with no external cooling. The product was 
filtered and washed with water. Recrj'stallization from water 
yielded a white crystalline substance, m.p. >300°.

A n a l .  Calcd. for CsHeNeO: C, 36.2; H, 3.6; N, 50.6. Found: 
C, 36.5; H, 4.1;N,50.2.

M e th o d  ( 2 ) . To 1 g. of 6-methoxy-2,4,5-triaminopyrimidine 
sulfate,15 in 40 ml. of water, was added, with stirring, 0.75 g. 
of sodium nitrite. The product was filtered and washed with 
a small amount of cold water to yield 0.7 g., m.p. >300°. 
An analytical sample was prepared by recrystallization 
from water. This product was identical with that prepared 
by method (1), as judged by identical ultraviolet and infra
red absorption spectra. At pH 11, 5-amino-7-methoxy-v- 
triazolo(d)pyrimi(;ine exhibits absorption maxima X max. 
291, myu, « 7,300; at pH 1, X max. 283 m^, e 12,800, and X max. 
236 mM, e 8,800.

A n a l .  Calcd. for C5H6NiO: C, 36.2; H, 3.6; N, 50.6. Found: 
C, 35.8; H, 3.5; N, 50.2.

T e m p e , A k i z .

[C o n t r i b u t i o n  f r o m  t h e  C h e m i s t r y  D e p a r t m e n t , U n i v e r s i t y  o f  L j u b l j a n a ]

R eaction  o f  4 -A rylth iosem icarb azid es w ith  Som e a-K eto A cids and  S y n th esis  
o f  Som e S u b stitu ted  3 -T h io x o -5 -o x o -2 ,3 ,4 ,5 -tetrah yd ro-l,2 ,4 -tr iaz in esla

M. TISLER a n d  Z. VRBASKI

R ece ived  O ctober 2 6 , 1 0 5 9

4-Arylthiosemicarbazides were treated with glyoxylic, pyruvic, and benzoylformic acids to form derivatives of 3-thioxo-
5-oxo-2,3,4,5-tetrahydro-l,2,4-triazines v ia  the corresponding 
ism of these substances is discussed.

It is well known that with thiosemicarbazones of 
a-keto acids ring closure can occur with the forma
tion of derivatives of 3-thioxo-5-oxo-2,3,4,5-tetra- 
hydro-l,2,4-triazine (II) and these wTere reviewed 
recently.lb Besides the above-mentioned method of 
preparation they were prepared also from thiosemi- 
carbazide and oximes of a-keto esters.* 2’3 All these 
derivatives represent mainly 6-substituted deriva
tives. Known are also 2-substituted derivatives, 
formulated as 2-alkyl-3-mercapto-5-oxo-2,5-dihy- 
dro-l,2,4-triazines, which can be in turn prepared 
from 2-alkylthiosemicarbazides and a-keto acids.4-7

(la) Part VI of this series, A r c h . P h a r m ., 292/64, 90
(1959).

(lb ) J. G. Erickson, P. F. Wiley, and V. P. Wystrach, 
T h e  1 ,2 ,3 -  a n d  1 ,2 ,4 -T r ia z in e s ,  T e tr a z in e s  a n d  P e n ta z in e s ,  
Interscience Publishers, New York, 1956, p. 78.

(2) A. Godfrin, J .  p h a r m . c h im ., 30, 321 (1939).
(3) R. E. Hagenbach, E. Hodel, and H. Gysin, A n g e w .  

C h e m ., 66,359 ( 1954).
(4) E. Cattelain, B u l l .  soc . c h im . F ra n ce , 11, 249 (1944).
(5) E. Cattelain, B u ll .  soc. c h im . F ra n c e , 12, 39 (1945).
(6) E. Cattelain, C o m p t. r e n d ., 208, 1656 (1939).
(7) E. Cattelain, C o m p t .  r e n d ., 210, 301 (1940).

intermediate thiosemicarbazones. The thione-thiol tautomer-

Of 4-substituted derivatives only some alkyl deriva
tives are known3 5 6-8'9 and the cyclization failed in the 
case of the benzyl derivative.9 It was therefore de
sirable to study the cyclization of products, ob
tained from condensation of 4-substituted thiosemi- 
carbazides with a-keto acids, and the tautomerism 
associated with these compounds.

The cyclization of thiosemicarbazones could be 
achieved by refluxing an ethanolic solution, except 
in the case of 4-arylthiosemicarbazones of glyoxylic 
acid. The use of an alkaline solution was therefore 
attempted as it is known that the cyclization of 2- 
alkylthiosemicarbazones of phenylpyruvic acid 
proceeds with great facility in dilute sodium hy
droxide solution.7 Such cyclization failed with 4- 
arylthiosemicarbazones of pyruvic acid and the 
compounds could be recovered unchanged, but in 
the case of some 4-arylthiosemicarbazones of gly
oxylic acid the molecules were split into the corre
sponding iV-arylthioureas (III).

(8) E. Cattelain, B u l l .  so c . c h im . F ra n c e , 11,273(1944).
(9) E. Cattelain, C o m p t. r e n d ., 210, 763 (1940)
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These findings are completely contrary to those of 
semicarbazones of a-keto acids where the cycliza- 
tion in alkaline solution took place in the case of gly- 
oxylic acid,10 but failed with pyruvic acid.11’12

The replacement of the sulfur atom in the 3-thi- 
oxo compounds (II) with oxygen leads to substi
tuted 6-azauracils. 6-Azauracil (IV. Ar = R = H; 
3,5-dioxo-2,3,4,5-tetrahydro-l,2,4-triazine), the 
simplest member of the series, evoked particular in
terest after the discovery of its bacteriostatic13-15 
and antitumor13’16’17 activity, particularly as ribo- 
furanoside.18 For the purpose of metabolic studies 
also labeled 6-azauracil was synthesized19-22 and 
recently new 5-alkyl-6-azauracils were prepared.23 
The replacement of the sulfur atom was best accom
plished with a boiling 20% aqueous solution of 
monochloroacetic acid, however only when one 
aromatic substituent was in the ring. In the case of 
the 4,6-diphenyl compound (II. Ar = R = C6H6—) 
and other similar compounds this reagent proved to 
be ineffective and an alkaline suspension of yellow 
mercuric oxide was used. Instead of the expected 
reaction the splitting of the molecule occurred and 
thus the 4,6-diphenyl compound (II. Ar = R = 
C6H5—) afforded the 4-phenylsemicarbazone of ben- 
zoyiformic acid (V. Ar = R = C6H5—).

(10) W. Seibert, B e r . , 80, 494 (1957).
(11) J. Bougalt, A n n .  c h im . ( P a r i s ) ,  5, 317 (1916).
(12) J. Bougalt, C o m p t. r e n d ., 159, 83 (1914).
(13) F. Sorm, A. Jakubovic, and L. Slechta, E x p e r ie n t ia ,  

12,271(1956).
(14) R. E. Handschumacher and A. D. Welch, F e d e ra tio n  

P r o c ., 15, 267 (1956).
(15) J. Skoda and F. Sorm, C h e m . l i s ty , 50, 1165 ( 1956).
(16) M. T. Hakala, L. W. Law, and A. D. Welch, P ro c . 

A m .  A s s o c . C a n c er  R e se a r c h , 2 , 113 (1956).
(17) J. J. Jaffe, R. E. Handschumacher, and A. D. 

Welch, Y a le  J .  B io l ,  a n d  M e d ., 30, 168 (1957).
(18) R. Schindler and A. D. Welch, S c ie n c e , 125, 548 

(1957).
(19) J. Moravek, C h e m . &  I n d .  ( L o n d o n ) , 1387 (1957).
(20) J. Moravek, C h e m . l i s ty , 52,2147(1958).
(21) J. Gut, C h e m . l i s ty , 51, 1947 (1957).
(22) P. K. Chang, T. L. V. Ulbricht, J .  A m .  C h e m . S o c .,  

80,976(1958).
(23) P. K. Chang, J .  O rg. C h e m ., 23, 1951 (1958).
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All known derivatives of 3-thioxo-5-oxo-2,3,4,5- 
tetrahydro-l,2,4-triazine, e.g., the 2- and 6-substi- 
tuted compounds are formulated as existing in the 
thiol form,1’3’24 as 3-mercapto-5-oxo-2,5-dihydro- 
1,2,4-triazines. The presence of the thiol form was 
postulated on the basis of the observed acidity and 
the conversion of these compounds with aqueous 
iodine or cupric sulfate into the corresponding disul
fides. It was not taken into account that the disul
fides are also acidic and form colored complexes 
with cuprous and cupric ions.

The cyclizarion products we obtained did not re
act in an ethanolic solution with aqueous iodine 
solution and the infrared spectra showed no absorp
tion bands in the 2600-2550 cm.-1 region, charac
teristic for the mercapto group.26 The spectra were 
determined as mulls in hexachlorobutadiene and 
Nujol and some as solutions in carbon disulfide. 
Moreover, further evidence could be obtained from 
the ultraviolet spectra as in the case of 2-mercapto- 
benzothiazoles26-28 where the thione-thiol tauto- 
merism was thus extensively studied. The only re
corded ultraviolet spectrum was that of the 2- 
phenyl-4,6-dimethyl compound.29 The comparison 
of the ultraviolet spectra of some of our compounds 
in ethanolic solution and in alkaline solution also 
clearly support the presence of the thione form in the 
solid state and neutral solutions, and excludes their 
formulation as VI which is to be favored in alkaline 
solution. In alcoholic solution the compounds show 
absorption maxima at 2740-2880 A and the com
pounds with two aromatic substituents in the 
ring show, in ethanol an additional absorption 
band in the 3210-3340 A region compared with 
those triazines bearing only one aromatic sub
stituent. The absorption spectra of alcoholic 
solutions of II (Ar = R = C6H5—■, Amai 2840 
and 3500 A and Ar = p-CH.rC6H4—, R = CH3—, 
Xma„ 2740 A) differ markedly from those of alkaline 
solutions with only one maximum at 3200 A (II.

(24) R. E. Hagenbach, E. Hodel, and H. Gysin, E x p e r i 
e n t ia , 10, 62 (1954).

(25) L. J. Bellamy, T h e  I n f r a r e d  S p e c tr a  o f  C o m p le x  
M o le c u le s , John Wiley & Sons, New York, 1954, p. 288.

(26) H. P. Koch, J .  C h em . S o c ., 401 (1949).
(27) R. A. Morton and A. L. Stubbs, J .  C h e m . S o c ., 1321 

(1939).
(28) C. Hasan and R. F. Hunter, J .  C h e m . S o c ., 1672 

(1936).
(29) J. A. Elvidge and F. S. Spring, J .  C h e m . S o c ., S 135 

(1949).



772 T IS L E R  AND V RB A SK I v o l . 25

TABLE I
4-Artl.thiosemicarbazones of a-KETO Acids 

Ar—NH—CS—NH—N=C(R)COOH

UV spectrum
Com- _______________Apalyses_______________  (C2H6OH)
pound M.P., Caled. Found Amas.

No. Ar R Formula % C % H % N % c  -% H % N Â e
1 Phenyl- H 138 C9H 9'02N3S 48.43 4.06 18.83 48.35 4.18 18.80 2940 29780
2 p-Tolyl- H 147 c 10h „o 2n 3s 50.63 4.67 17.72 50.75 4.85 17.68 2960 23240
3 p-Methoxyphenyl- H 141 c 10h „ o 3n 3s 47.43 4.38 16.60 47.61 4.56 16.75 2940 24800
4 Phenyl- Methyl- 186 C10HhO2N3S 50.63 4.67 17.72 50.60 4.72 17.59 2940 24000

2980 23580
3040 23580

5 o-Ethoxyphenyl- Methyl- 174 51.24 5.38 14.94 51.22 5.38 15.15 3020 24220
6 m-Tolyl- Methyl- 184 c uh 13o 2n 3s 52.58 5.22 16.73 52.47 5.36 16.81
7 o-Methoxyphenyl- Methyl- 178 c „ h 13o 3n 3s 49.43 4.90 15.73 49.58 5.07 15.75
8 p-Methoxyphenvl- Methyl- 205 c „ h 13o3n 3s 49.43 4.90 15.73 49.41 4.98 15.52
9 p-Chlorophenyl- Methyl- 195 C,oH100 2N3SC1 44.20 3.71 15.47 44.26 3.93 15.58

Ar = R = C6H5—) and 2800-2810 Â (II. Ar = p -  

CH3-C6H4, R = CH3—), respectively. On the basis of 
all above-mentioned indications these compounds 
are best represented as substituted 3-thioxo-5-oxo-
2,3,4,5-tetrahydro-l ,2,4-triazines (II).

N N
/ \ / \

R — C  N H R — C N
I ---- ^  1 II

0 = C  C =S

=o-0j01

\ / \ /
N NI
Ai- Ar

II VI

On the basis of the infrared spectra where typical 
carbonyl frequencies can be found (for example IV. 
Ar = C6H5—, R = CH3—, at 1704 cm.-1), the de
sulfurized compounds are represented most likely 
as derivatives of 3,5-dioxo-2,3,4,5-tetrahydro-l,2,4- 
triazine, while the dihydroxy form was not excluded 
by Bougalt11' 12 with similar compounds. Further
more, the dioxo compounds show absorption max
ima in the ultraviolet spectrum at about 2640-2660 
A and the spectra closely resemble those of 6 - 
methyluracils. 30

EXPERIMENTAL31

C o n d e n sa tio n  o f  4 ~ su b s titu ted  th io se m ic a rb a z id e s  w ith  
a -h e to  a c id s . The condensation could be effected in acid or 
alkaline solution:

(a) To a solution of 4-arylthiosemicarbazide in hydro
chloric acid (1:8) an equimolar quantity of an aqueous 
solution of a-keto acid (0.01 mole) was added and after a few 
minutes a precipitate of the thiosemicarbazone could be 
collected.

(b) To a cold alkaline solution of the a-keto acid (0.01 
mole) was added an equimolar amo'unt of solid 4-arylthio- 
semicarbazide. After standing for 15 min. the unchanged 
thiosemicarbazide was filtered off and after acidification of 
the filtrate the condensation product was obtained.

(30) R. N. Lacey and W. R. Ward, J .  C h e m . S o c ., 2134 
(1958).

(31) All melting points were determined with Kofler’s 
heating microscope.

For the preparation of compounds listed in Table I the 
following example is illustrative.

4 - p - T  o ly lth io se m ic a rb a zo n e  o f  p y r u v ic  a c id . To a stirred 
solution of 4-p-tolylthiosemicarbazide (1.81 g.) in dilute 
hydrochloric acid (1:8, 40 ml.) was added an aqueous solu
tion of pyruvic acid (0.88 g. in 20 ml. water). The precipitate 
was filtered, washed with dilute hydrochloric acid (1:8, 40 
ml.), and finally with water until acid-free. After recrystal
lization from 20% ethanol the product melted a t 192°. 
Yield: 90%.

A n a l .  Calcd. for CuH130 2N3S: C, 52.58; H, 5.22; N, 16.73. 
Found: C, 52.67; H, 5.01j N, 17.00.

In ethanol Xraax 2980 A, e 22,960.
C y c liz a tio n  o f  4 -a ry lth io se m ic a rb a z o n e s  o f  p y r u v ic  a n d  

b e n z o y lfo rm ic  a c id . The following example is illustrative for 
the preparation of triazines from 4-arylthiosemicarbazones 
of pyruvic acid.

4 -p -T o ly l-6 -m e th y l-3 - th io x o -5 -o x o -2 ,3 , / ,5 - te tr a h y d r o - l  ,2 ,4 -  
t r ia z in e . 4-p-Tolylthiosemicarbazone of pyruvic acid (2.0 g.) 
was refluxed in 20% ethanol (30 ml.) for 5 hr. Most of the 
ethanol and water were then distilled and the residue recrys
tallized from dilute ethanol (1:4) to give the pure triazine 
(yield: 51%), m.p. 208°.

A n a l .  Calcd. for CnHuON3S: C, 56.65; H, 4.75; N, 18.02. 
Found: C, 56.87; H, 4.80; N, 18.26.

In ethanol Xmax 2740 A, e 16,400; in 0.1.V sodium hy
droxide Xmax 2800-2810 A, e 11,840. Other compounds are 
listed in Table II. 4-Arylthiosemicarbazones of benzoyl- 
formic acid were not isolated and in this case the following 
procedure, used also for the preparation of other compounds 
listed in Table II, was applied.

4 ,6 - D ip h e n y l-3 - th io x o -5 -o x o -2 ,3 ,4 ,5 - te tr a h y d r o - l ,2 ,4 - tr i -  
a z in e . 4-Phenylthiosemicarbazide (2.2 g.) was dissolved in 
boiling ethanol (30 ml.), benzoylformic acid (2.0 g.) added, 
and the mixture refluxed for 8 hr. The precipitate, collected 
after cooling, was recrystallized from ethanol and melted at 
285-286°. Yield: 2.05 g. (55%).

A n a l .  Calcd. for CioHnON3S: C, 64.05; H, 3.94; N, 14.94. 
Found: C, 63.93; H, 4.02; JSf, 14.94. In ethanol Xmax 2840 
A, e 23,800 and Xmax 3500 A, e 11,120; in 0.11V sodium hy
droxide Xmax 3200 A, e 15,940.

The diphenyl compound, when treated with an ethereal 
solution of diazomethane, afforded the IV-methyl derivative 
which after two recrystallizations from ethanol melted at 
211°.

A n a l .  Calcd. for Ci6H13ON3S: C, 65.08; H, 4.44; N, 14.23. 
Found: C, 65.01; H, 4.56; N, 14.38. In ethanol Xmax 2840 
A, e 26,260 and Xmax 3500 A, e 14,750.

C o n v e rs io n  o f  4 -a ry lth io se m ic a rb a zo n e s  o f  g ly o x y lic  a c id  
in to  th e  c o r re sp o n d in g  N - a r y l th io u r e a s . The attempted cycliza- 
tion of 4-arylthiosemicarbazones of glyoxylic acid in ethano-
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TABLE II
S u b s t i t u t e d  3 - T h i o x o - 5 - o x o - 2 ,3 , 4 ,5 - t e t r a h y d r o - 1 ,2 ,4 - t r i a z i n e s

N
/ \

R—C NH

o = ¿  c = s

Âr

UV

Com- Analyses
spectrum
(C2H5OH)

pound Calcd. Found ^maxi
No. Ar R M.P.,° Formula % C % H % N % c % H % N Â e

1 Phenyl- Methyl- 218.5 CioH,ON,S 54.79 4.14 19.17 54.75 4.23 19.04 2740 16320
2 m-Toiyl- Methyl- 230-231 CnHnONjS 56.65 4.75 18.02 56.72 4.83 18.27 2810 17810
3 o-Methoxyphenyl- Methyl- 226 C11H11O2N3S 53.01 4.45 16.86 52.90 4.41 16.73 2750 16870
4 p-Methoxy phenyl- Methyl- 184-185 CUH11O2N3S 53.01 4.45 16.86 53.08 4.55 16.64 2790 19630
5 o-Ethoxyphenyl- Methyl- 150 c 12h 13o 2n 3s 54.75 4.98 15.96 54.62 4.92 15.82 2740 19850
6 p-Chlorophenyl- Methyl- 224-225 CioHgONjSCl 47.34 3.18 16.56 47.36 3.25 16.57 2885 23540
7 o-Tolvl Phenyl- 235-236 C16H13ON3S 65.08 4.44 14.23 65.16 4.61 14.16 2850

3340
19130
10240

8 m-Tolyl- Phenyl- 263-264 c 16h 13o n 3s 65.08 4.44 14.23 64.99 4.43 14.07 2855
3280

18980
13430

9 p-Tolyl- Phenyl- 307-308 Ci6H13ON3S 65.08 4.44 14.23 65.12 4.48 14.36 2855
3280

18540
16090

10 p-Methoxy phenyl- Phenyl- 290 C16H1302N3S 61.73 4.21 13.50 61.76 4.38 13.55 2850
3285

19390
15890

11 m-Chlorophenyl- Phenyl- 250-251 C,«H10ON,SC1 57.05 3.19 13.31 56.92 3.08 13.48 2880
3230

16040
17610

12 p-Chlorophenyl- Phenyl- 318-320 Ci5H10ON3SC1 57.05 3.19 13.31 57.01 3.27 13.35 2880
3210

16660
17130

lie solution was not successful and therefore an alkaline 
medium was used. When the 4-phenylthiosemicarbazone of 
glyoxylic acid was refluxed with a 1 M aqueous solution of 
potassium carbonate the compound a t first dissolved, but 
after a few minutes a precipitate formed. The mixture was 
refluxed for 10 min. more, the solid filtered and crystallized 
from alcohol. The compound was identified as A'-phenyl- 
thiourea, m.p. 154°, undepressed with an authentic specimen.

In the same way the formation of Ar-p-tolylthiourea 
(m.p. 188°) and A'-p-methoxyphenyithiourea (m.p. 210°) 
was observed.

D e s u l fu r iz a t io n  o f  d e r iva tiv e s  o f  3 - th io x o -5 -o x o -2 ,3 ,4 ,5 -  
le tr a h y d r o -1 ,2 ,4 - tr ia z in e . 4 -P h e n y l-6 -m e th y l-3 ,5 -d io x o -2 ,3 ,4 ,5 -  
le ir a h y d r o - l ,2 ,4 - tr ia z in e . The 3-thioxo compound (1.87 g.) 
was heated with aqueous monochloroacetic acid (9 ml. of 
20%) and from the resulting solution a precipitate soon 
formed. After 5 hr. of refluxing the precipitate was col
lected, washed with water, and recrystallized from hot 
water, m.p. 242.5°. Yield: 0.7 g. (35%); in ethanol Xmax 
2G40A, e 6300.

A n a l .  Calcd. for CioH 90 2N3: C, 59.10; H, 4.46; N, 20.68. 
Found: C, 58.98; H, 4.60; N, 20.65.

4 - p -T o ly l-6 -r n e th y l-3 ,5 -d io x o -2 ,3 ,4 ,5 - tp tr a h y d r o - l ,2 ,4 - tr i -  
a z in e  was prepared by essentially the same procedure as 
above, starting from 1 g. of 3-thioxo compound. After re
crystallization from water (0.62 g., 67% yield) the substance 
melted at 248°. In ethanol Xmax 2660 A, e 6270.

A n a l .  Calcd. for CnHnOjNi: C, 60.82; H, 5.10; N, 19.35. 
Found: C, 60.85; H, 5.18; N, 19.18.

A tte m p te d  d e s u l fu r iz a t io n  o f  4 ,5 -d ip h e n y l-S - lh io x o -o -o x o -  
2 ,3 ,4 ,o - te tr a h y d r o - l ,2 ,4 - tr ia z in e . When the diphenyl com
pound (0.1 g.) was dissolved in lAr sodium hydroxide (10 
ml.) with gentle heating and freshly precipitated mercuric 
oxide (1 g.) was added, this instantly turned black. After 5 
min. of thorough mixing, the mixture was filtered and the 
clear filtrate acidified with dilute hydrochloric acid. The 
precipitate was collected and recrvstallized from ethanol, 
m.p. 184°.

A n a l .  Calcd. for C15Hi30 3N3: C, 63.59: H, 4.63; N, 14.83. 
Found: C, 63.43: H, 4.96; N, 14.77.

This compound (V, Ar = R =  C6H5—) was identical 
with the synthesized one, e .g ., from 4-phenylsemicarbazide 
and benzoylformic acid, which did not depress its melting 
point. The diphenyl compound could not be desulfurized 
with 20% monochloroacetic acid and after 5 hr. of reflux the 
compound was recovered unchanged. Other diaryl com
pounds failed to be desulfurized with aqueous monochloro
acetic acid.

Acknowledgment. The authors are much indebted 
to Prof. D. Hadzi for recording and interpreting the 
infrared spectra and to Prof. D. Stucin for some of 
the ultraviolet spectra.

L j u b l j a n a , Y u g o s l a v i a
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S y n th esis  o f  P o ten tia l A ntican cer A gen ts. X X V .2 P reparation  o f  Som e c is-  and  
tra n s -2-(6- S u b stitu ted  9 -P u r in y l)cyc lop en tan o ls2

HOWARD J. SCHAEFFER3 a n d  RICHARD D. WEIMAR, J r.

R ece ived  D ecem b er 4 , 19 5 9

c is - and /raras-2-(6-Chloro-9-purinyl)cycIopentanols have been synthesized. Several 6-substituted analogs of these key 
intermediates have been prepared by nucleophilic displacement of the 6-chlorine atom on the purine moiety.

In the search for effective anticancer agents, 
numerous modifications of the purine nucleus 
have been made.4 In a continuation of this search 
for effective anticancer agents, a variety of purine 
nucleosides has been prepared with the aim of in
hibiting some stage of nucleotide metabolism in 
the cell. The modifications which have been made 
in the nucleosides, as compared to naturally occur
ring materials, have involved changes in the 
purine moiety,5'6 in the sugar moiety,7'8 or in 
both9; these alterations in structure have caused 
unpredictable changes in the anticancer activity 
of the nucleoside compared with the corresponding 
free purine. Consequently, the preparation of 
nucleoside analogs which would be sterically similar 
to, but more stable than, the corresponding nucleo
side has been undertaken. In an earlier paper of 
this series,10 the syntheses of some 9-(substituted- 
cyclohexyl) purines were described: the present 
paper gives details of the syntheses of derivatives of 
cfs-and ¿rans-2-(9-purinyl) cyclopentanols.

The key intermediates which were necessary for 
our program were cfs-and ¿rtms-2-(6-chloro-9- 
purinyl)cyclopentanols, whose preparations were 
accomplished by procedures similar to the ones 
used in earlier papers of this series; the starting 
materials, cis- and irans-2-aminocyclopentanols, 
were prepared by modifications of previously de

f t)  Affiliated with Sloan-Kettering Institute. This work 
was supported by funds from the C. F. Kettering Founda
tion and the National Institutes of Health, Contract 
Number SA-43-ph-1740.

(2) For paper XXIV of this series, see Y. F. Shealy, 
E x p e r ie n t ia  (To be published.)

(3) Present address. Department of Medicinal Chem
istry, University of Buffalo, Buffalo, New York.

(4) See, for example, D. A. Clarke, G. B. Elion, G. H. 
Hitchings, and C. C. Stock, C a n cer  R esea rch , 18, 445 (1958) 
and the section on purine antagonists in J. A. Montgomery, 
C a n c er  R esea rch , 19, 447 (1959).

(5) H. J. Schaeffer and H. J. Thomas, J .  A m .  C h em . S o c ., 
80, 4896 ( 1958) and earlier papers in this series.

(6) J. Davoll, J .  C h e m . S o c  , 1593 (1958).
(7) B. R. Baker and K. Hewson, J .  O rg. C h e m ., 22, 959 

(1957).
(8) E. J. Reist, R. R. Spencer, and B. R. Baker, ib id ., 

23,1958(1958).
(9) H. M. Kissman and M. J. Weiss, J .  A m .  C h em . S o c ., 

80,5559(1958).
(10) H. J. Schaeffer and R. D. Weimar, Jr., J .  A m .  C h em .

S o c ., 81,197(1959).

scribed procedures.11 11 12 13 Thus, cyclopentene was 
allowed to react with A-bromosuccinimide in 
aqueous solvent; the resulting bromohydrin upon 
reaction with ammonium hydroxide gave a good 
yield of frans-2-aminocyclopentanol.11 The cor
responding Ar-(/rans-2-hydroxycyclopentyl)benz- 
amide was converted in good yield into cis-2- 
aminocyclopentanol via an oxazolidine inter
mediate.11

Condensation of cf s-2-aminocyclopentanol with
o-amino-4,6-dichloropyrimidine in the presence of 
triethylamine resulted in the formation of cfs-2-(5- 
amino-6-chloro-4-pyrimidinylamino)cyclopentanol. 
Ring closure of this pyrimidine to cfs-2-(6-chloro-9- 
purinyl)cyclopentanol was accomplished with di- 
ethoxymethyl acetate.12

Similarly, when ¿rans-2-aminocyclopentanol was 
allowed to react with 5-amino-4,6-dichloropyrimi- 
dine, a good yield of ¿rans-2-(5-amino-6-chloro-4- 
pyrimidinylamino)cyclopentanol was obtained. At
tempted ring closure of this pyrimidine to trans- 
2-(6-chloro-9-purinyl)cyclopentanol with diethoxy- 
methyl acetate resulted in considerable decomposi
tion, and only low yields of the desired product 
could be isolated, especially when the reaction was 
carried out on a large scale. Subsequently, it was 
learned that /rans-2-(6-chloro-9-purinyl)cyclo- 
pentanol could be prepared in good yield by allow
ing ircros-2-(5-amino-6-chloro-5-pyrimidmylamino) - 
cyclopentanol to react with triethyl orthoformate 
at reflux temperature.13 However, when an attempt 
was made to prepare as-2-(6-chloro-9-purinyl)- 
cyclopentanol by ring closure of m-2-(5-amino-6- 
chloro-4-pyrimidinylamino)cyclopentanol with tri
ethyl orthoformate under identical conditions 
with those used for the frans-isomer, practically no 
reaction occurred, as evidenced by only a slight 
change in the ultraviolet absorption spectra of ali
quots of the reaction mixture. The reason for the 
differences in reactivity of the two pyrimidines is 
probably steric in origin, but a detailed mecha
nistic interpretation with the limited experimental 
results at hand is not warranted.

(11) G. E. McCasland and D. A. Smith, J .  A m .  C h e m . 
S o c ., 72,2190(1950).

(12) J. A. Montgomery and C. Temple, Jr., J .  A m .  C h em . 
S o c ., 80,409(1958).

(13) J. A. Montgomery and C. Temple, in press.
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CHART I
R

IV R = SH
V. R = OH

VI. r  = n h 2
V II. R = N(CH3)2

v i i i . r = n h n h 2
IX. R = H

OH
XII. R = SH

XIII. R = OH
XIV. R = NH2

XV. R = N(CH3)2
XVI. R = NHNH2

XVII. R = H

The purines (III and XI) were individually con
verted into analogs in which the 6- position was 
substituted with a hydrogen, mercapto, hydroxy, 
amino, dimethylamino, and hydrazino group. In 
Table I, the pertinent data for the purines prepared 
are summarized. Typical examples of the procedures 
employed for the preparation of these compounds 
are given in the Experimental.

EXPERIMENTAL14

c is -2 -(5 -A m in o -6 -ch lo ro -J r T p yr im id in y la m in o )cyc lo ,p e n ta n o l  
('ll). A solution of 79.2 g. (0.487 mole) of 5-amino-4,6-di- 
chloropyrimidine,15 51.6 g. (0.509 mole) of cis-2-amino- 
cyclopentanol,11 and 51.6 g. (0.509 mole) of triethylamine 
in 780 ml. of butyl alcohol was heated under reflux for 23 hr., 
and then the volatile materials were removed i n  vacuo . The 
residue on crystallization from water gave a white solid: 
yield, 101 g. (90.7%). For analysis, a small example was re- 
crvstallized from water; m.p. 171° in mu (r X 10_3): 
pH 1, 305 (13.0); pH 7, 265 (9.13), 290 (9.74); pH 13, 264 
(8.79), 290 (9.06).

A n a l .  Calcd. for C9HnClN40 : C, 47.27; H, 5.73: X, 24.50. 
Found: C, 47.29; H, 5.74; N, 24.36.

(14) The ultraviolet absorption spectra were determined 
in aqueous solution with a Beckman model DK-2 spectro
photometer, and the optical densities were determined 
with a Beckman D.U. spectrophotometer. Melting points 
below 260° were determined on a Kofler Heizbank and are 
corrected; melting points above 260° were determined in a 
capillary tube in an aluminum block and are uncorrected. 
All compounds were dried a t 110°/0.1 mm. over phosphorus 
pentoxide before analysis.

(15) Krishell Laboratories, Inc., 1735 S. E. Powell Blvd.,
Portland 2, Oregon.

tra n s -2 - (  5 -A  m in o -6 -c .h lo r o -^ -p y r im id in y la m in o  )cyc lo p en -  
ta n o l (X). A solution of 44.2 g. (0.273 mole) of 5-amino-4,6- 
dichloropyrimidine,15 29.8 g. (0.294 mole) of t r a n s -2-amino- 
cyclopen tanol,11 and 29.8 g. (0.294 mole) of triethylamine 
in 400 ml. of butyl alcohol was heated under reflux for 23 hr., 
and then the volatile materials were removed i n  vacuo. The 
residual oil after crystallization and recrystallization from 
water gave the pure product: yield, 45.9 g. (73.7%); m.p. 
151°. Amax in mp (e X 10-3): pH 1, 306 (13.6); pH 7, 265 
(9.45), 292 (9.97); pH 13, 264 (9.57), 293 (10.1).

A n a l .  Calcd. for (XHuCIlNLO: C, 47.27; H, 5.73; N, 24.50. 
Found: C, 47.35; H, 5.50; N, 24.90.

c is -2 -{6 -C ,h lo ro -9 -p u r in y l)c y d o p e n ta n o l (III). A solution 
of 101 g. (0.442 mole) of «s-2-(5-amino-6-chloro-4-pyrimi- 
dinylamino)cyclopentanol in 510 ml. of diethoxymethyl 
acetate12 was heated in an oil bath at 100° for 4 hr., and 
then the volatile materials were removed i n  vacuo . The 
residual oil was allowed to react overnight at 0° with 1 1. of 
a 21% solution of ammonia in methanol. The reaction 
mixture was evaporated i n  vacuo, and the residual glass 
was extracted with boiling water (6 X 300 ml.). Concen
tration of the combined extracts gave the product in four 
crops: yield, 52.8 g. (49.7%); m.p. 148°, resolidifies and 
remelts at 150°. For analysis, a small sample was recrys
tallized from water; m.p. 158°. Amax in mp (e  X 10~3): pH 
1, 264 (9.00); pH 7, 265 (8.80); pH 13, 264 (9.00).

The analytical data are recorded in Table I. 
tr a n s -2 -{ 6 -C h lo r o -9 -p u r in y l)c y d o p e n ta n o l  (X I).16 A solu

tion of 2.00 g. (8.76 mmoles) of ¿rans-2-(5-amino-6-ehIoro-4- 
pyrimidinylamino)cyclopen tanol in 20 ml. of triethyl ortho- 
formate was heated under reflux for 63 hr. and then con
centrated i n  vacuo  to dryness. The residual glass was crys
tallized from water and gave the pure product in two crops 
in a 53% yield; m.p. 162-163°. Amax in mu (e X 10~3): pH
l, 226 (9.72); pH 7, 266 (9.45); pH 13, 264 (9.18).

The analytical data are recorded in Table I.
A later, larger run gave material in 88% yield, melting 

at 162-163°. Its ultraviolet absorption spectrum was prac
tically identical with that of the material described above.

c is -2 - (6 -M e r c a p to -9 -p u r in y l) c y d o p e n la n o l (IV). A solution 
of 8.08 g. (33.8 mmoles) of cis-2-(6-chloro-9-purinvI)cyclo- 
pentanol and 2.59 g. (34.0 mmoles) of thiourea in 160 ml. of 
propyl alcohol was heated under reflux for 1 hr. and then 
cooled in an ice bath. The solid was collected by filtration, 
washed with cold propyl alcohol (5 ml.), and air-dried: 
yield, 5.76 g. (72.0%); m.p. 307-315° dec. One recrystalliz
ation from a mixture of methyl cellosolve and water gave 
the analytical sample: jdeld. 3.78 g. (47.3%); m.p. 308-316° 
dec. An,.” in mu (e X lO’ 3): pH 1, 227 (9.32), 325 (21.2); 
pH 7, 321 (23.4); pH 13, 232 (13.5), 311 (22.6).

The analytical data are recorded in Table I. 
c is -2 - (6 -A m in o -9 -p u r in y l) c y c lo p e n ta n o l (VI). A mixture 

of 1.25 g. (5.23 mmoles) of m-2-(6-chloro-9-purinyl)cyclo- 
pentanol and 12 ml. of liquid ammonia was heated in a 
stainless steel bomb at 55° for 24 hr. The ammonia was 
allowed to evaporate, and the brown residual solid was 
extracted with boiling acetone (6 X 100 ml.). The com
bined acetone extracts after evaporation i n  vacuo  gave c is -  
2-(6-amino-9-purinyl)cyclopentanol; yield, 0.95 g. (83%);
m. p. 225°. The product was purified by sublimation i n  vacuo  
(190°/0.1 mm.); m.p. 225°. Amax in m y  (c X 10-3): pH 1, 
259 (14.4); pH 7, 262 (14.6); pH 13, 261 (14.6). The analyti
cal data are recorded in Table I.

c is -2 - (6 -D im e th y la m in o -9 -p u r in y l)c y d o p e n ta n o l (VII). A 
solution of 1.44 g. (6.02 mmoles) of cis-2-(6-chloro-9-purinyl)- 
cyclopentanol, 30 ml. of ethanol, and 30 ml. of a 25% aque
ous solution of dimethylamine was heated under reflux for 
1 hr. and then evaporated in  vacuo  to d^rness. The residual 
white solid was recrystallized from 15 ml. of water and gave 
the pure ra-2-(6-dimethylamino-9-purinyl)cyclopentanol: 
yield, 1.12 g. (75.2%), m.p. 142°. Amax in mM (e X 10“3):

(16) This experiment was performed by Mr. C. A. Krauth.
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TABLE I
CIS- AND ¿ronS-2-(6-SUBSTITTJTED 9-riTRINYL)CYCLOl'ENTAN0LS

R 1

Compound
Recrystn.
solvent“

Yield,
% M.P., °

Carbon, % 
Calcd. Found

Hydrogen, % 
Calcd. Found

Nitrogen, % 
Calcd. Found

R 2 =  ¿rores-2-Hydroxy- 
cyclopentyl

R 1
Cl A 53 162-163 50.32 50.60 4.65 4.99 23.47 23.15
SH A +  C 67 303-307 dec. 50.82 50.57 5.12 5.20 23.71 23.46
OH E 49 282-285 dec. 54.54 54.56 5.49 5.89 25.44 25.44
n h 2 C 51 199 54.78 54.92 5.98 6.00 31.95 32.18
N(CH3)2 D 88 119-122 58.28 58.28 6.93 6.82 28.32 28.44
n h n h 2 E o rF 49 182 51.27 51.11 6.02 5.94 35.88 36.19
H G 87 132 58.81 58.66 5.92 5.90 27.44 27.41

R 2 =  «s-2-Hydroxy- 
cyclopentyl

R 1
Cl A 50 158 50.32 50.55 4.65 4.75 23.47 23.58
SH A +  C 47 308-316 dec. 50.82 50.58 5.12 5.18 23.71 23.76
OH A 58* 276-278 dec.* 53.44* 53.59 5.61* 5.74 24.93* 24.81
n h 2 G 83 225 54.78 54.74 5.98 5.75 31.95 31.77
N(CH,)2 A 75 142 58.28 58.55 6.93 6.94 28.32 28.38
n h n h 2 G 58 203 51.27 51.42 6.02 6.21 35.88 35.66
H G 95 140 58.81 58.53 5.92 5.84 27.44 27.40

° A, water; B, benzene and hexane; C, rr.ethyl cellosolve; D, extraction with n-hexane; E, ethanol; F, benzene; G, sublima
tion i n  v a c u o .* Calcd. as 1 / i hydrate . c This product melts at 254°, resolidifies and remelts at 276-278° dec.

pH 1, 269 (18.1); pH 7, 277 (18.5); pH 13, 276-277 (17.5). 
The analytical data are recorded in Table I.

9 - ( tr a n s - 2 -H y d r o x y c y d o p e n ty l) - 6 - p u r in o l (X III).16 A mix
ture of 500 mg. (2.10 mmoles) of trans-2-(6-chloro-9-purinyl)- 
cyelopentanol and 10 ml. of I N  hydrochloric acid was heated 
under reflux for 2 hr., during which time solution occurred. 
To the cooled reaction solution was added 7.5 ml. of 17V 
sodium hydroxide, and the solution was evaporated i n  
va cu o  to dryness. The crude product was extracted from the 
residual sodium chloride with hot methyl cellosolve (25 ml.). 
The methyl cellosolve extract was evaporated i n  vacuo  to 
dryness and the residue was recrystallized from ethanol; 
crude yield, 360 mg. (78%); m.p. 230-240°. One recrystal
lization of the crude product from butyl alcohol gave pure 
material in three crops which was dried at 140° i n  vacuo  
over phosphorus pentoxide; yield 227 mg. (49%); m.p. 
285° dec. Amal in m^ (e X 10~3): pH 1, 251 (10.7); pH 7, 
250 (11.4); pH 13, 255 (12.6). The analytical data are re
corded in Table I.

tr a m - 2 - (6 - H y d r a z in o - 9 -p u r in y l ) c y d o p e n ta n o l (XVI). To 
13 ml. of anhydrous hydrazine was added over a 3-min. 
period 1.95 g. (8.16 mmoles) of fraras-2-(6-chloro-9-purinyl)- 
cyclopentanol. The reaction mixture was stirred for 4 hr. at 
room temperature under a nitrogen atmosphere and then 
evaporated i n  vacuo  to dryness. Alternate recrystallizations 
of the crude product from ethanol and benzene gave the 
analytical sample; yield, 936 mg. (49%); m.p. 182°. Xmax 
in mM (« X 10“3): pH 1, 263 (16.9); pH 7, 265 (13.2); pH 
13, unstable. The analytical data are recorded in Table I.

t ia n s -% -(9 -P u r in y l)c y c lo p e n ta n o l (XVII). A mixture of 
1.64 g. (6.86 mmoles) of inms-2-(6-chloro-9-purinyl)cyclo- 
pentanol, 0.553 g. (13.7 mmoles) of magnesium oxide, and 
0.683 g. of 5% palladium-on-charcoal catalyst in 60 ml. of 
ethanol was hydrogenated at atmospheric pressure and room 
temperature until the theoretical amount of hydrogen was 
absorbed (45 min.). The catalyst was removed by filtration 
and the filtrate was added to 50 ml. of a 10% aqueous sodium 
carbonate solution. Evaporation of the solution and ex
traction of the residue with chloroform (2 X 200 ml.) gave 
a pure ¿rcms-2-(9-purinyl)cyclopentanol: yield, 1.22 g. 
(87.2%); m.p. 132°. If necessary, the product may be puri
fied by sublimation i n  vacuo ; m.p. 132°. \ ttmx in m/i (« X
10-3): pH 1, 264 (6.03); pH 7, 264 (7.50); pH 13, 264 (7.76).

The analytical data are recorded in Table I.

Acknowledgment. The authors are indebted 
to Dr. J. A. Montgomery for his advice and en
couragement in this research, to Messrs. C. A. 
Krauth and C. A. O’Dell for technical assistance, 
to Messrs. J. P. Holmquist and J. W. Murphy 
for the microanalytical results reported and to Mr. 
W. A. Rose for the spectral determinations. Some 
of the analyses reported were performed by the 
Galbraith Microanalytical Laboratories, Knoxville, 
Tennessee.

B i r m i n g h a m , A l a .



MAY I 9 6 0 M O NOFUNCTIONAL ALKYLATING AGENTS 7 7 7

[C o n t r ib u t io n  fr o m  t h e  D e p a r t m e n t  o f  B io l o g ic a l  Sc ie n c e s , St a n fo r d  R e s e a r c h  I n s t it u t e ]

P o ten tia l A n tican cer A g en ts .1 X X X II. A nalogs o f  C h loram b u cil. II. 
M on ofu n ction a l A lk y la tin g  A gents Derived from  3-(/>-A m inophenyl)propion ie

Acid

W. A. SKINNER, HELEN F. GRAM, and B. R. BAKER

R eceived  D ecem ber 11 , 105 9

Four compounds containing monofunctional alkylating groups have been derived from 3-(p-aminophenyI)propionic acid, 
namely, 3-{p-[(2-chloroethyl)ethylamino]phenyl ¡propionic acid (IX), 3-[p-(2-chloroethylamino)phenyl]propionic acid 
(X), 3-(p-diazoniumphenyl)propionic acid bisulfate (XII), and methyl 3-[p-(-V-n:trosoacetamido)phenyl]propionate (XIV)

It has been suggested2 that anticancer agents 
consisting of an alkylating group on the proper 
carrier may function by selective irreversible in
hibition of an enzyme system. If such a mecha
nism of irreversible inhibition is responsible for the 
activity of these agents, then one would suspect 
that a difunctional alkylating agent is not neces
sary for activity and that metabolites (carriers) 
containing a monofunctional alkylating group 
could also be effective.

Everett, et al.,3 found that a series of p-[bis(2- 
chloroethyl)aminophenyl ¡carboxylic acids inhib
ited the growth of the transplanted Walker rat 
Sarcoma 256. The most active compound in the 
series was the butyric acid derivative, chloram
bucil (III). The methyl and ethyl esters were also 
active. The activity of these compounds suggested 
testing the hypothesis of irreversible inhibition by 
the synthesis of chlorambucil analogs containing 
monofunctional alkylating groups. The choice of 3- 
phenylpropionic acid as a carrier moiety for an 
alkylating group in place of the somewhat more 
active 3-phenylbutyric acid carrier was based on 
the ready availability of the 3-phenylpropionic acid 
derivatives from the substituted cinnamic acids.

Recently,4 a series of “one-armed” mustards 
derived from DL-phenylalanine were prepared and 
shown to be inactive against the Walker rat car
cinoma 256. These results would indicate that 
phenylalanine mustards are not acting as selective 
irreversible inhibitors for Walker 256. This, how
ever, does not rule out the possibility that the 
one-armed mustards derived from DL-phenyl
alanine might be more effective than the two-

armed phenylalanine mustard on other tumors or 
that other one-armed mustards having a different 
carrier group could function as suggested.

3 - {p- [(2 - Chloroethyl)ethylammo¡phenyl¡pro
pionic acid (IX) was synthesized in four steps from 
methyl 3-(p-aminophenyl)propionate (lib). Re
ductive alkylation of lib  with acetaldehyde, 
hydrogen, and Raney nickel according to Emer
son6’6 yielded methyl 3-(p-ethylaminophenyl)pro-

CH2CH2C 02CH3

n h c h 2c h 3

CH2CH2C 02R

NH2
I Ila, R = H

b. R = CH3

2c h 2c o 2c h 3

c h 2c h 2c o 2c h 3

n c h 2c h 3
CH2CH2OH N H T s

IV V

I
c h 2c h 2c o 2c h 3

n c h 2c h 3

c h 2c h 2ci
VIII

c h 2c h 2c o 2h

n c h 2c h 3
c h 2c h 2ci

IX

CH2CH2CH2r 0 2H

N(CH2CH2C1)2
III

c h 2c h 2c o 2c h 3

TsNCH2CH2OH
VI

I
c h 2c h 2g o 2r

n h c h 2c h 2o h

Vila, R = H 
b, R = CH3

(1) This work was carried out under the auspices of the 
Cancer Chemotherapy National Service Center of the Na
tional Cancer Institute, Contract No. SA-13-ph-1892. The 
opinions expressed in this paper are those of the authors 
and not necessarily those of the Cancer Chemotherapy 
National Service Center. For the preceding paper of this 
series, c/. W. A. Skinner, H. F. Gram, M. O. Greene, J. 
Greenberg, and B. R. Baker, J .  M e d . P h a r m . C h e m ., in 
press.

(2) H. F. Gram, C. W. Mosher, and B. R. Baker, J .  A m .  
C hem . S o c ., 81,3103 (1959).

(3) J. L. Everett, J. J. Roberts, and W. C. J. Ross, J .  
C hem . S o c ., 2386(1953).

(4) F. Bergel and J. A. Stock, J .  C h em . S o c ., 90 (1959).

NHCH2CH2C1 NHCH2CH2C1
X XI

(5) W. S. Emerson, in O rg. R e a c tio n s , R. Adams, ed., 
John Wiley and Sons, Inc., New York, N. Y., 1948, Vol. IV, 
p. 174.

(6) W. S. Emerson and P. M. Walters, J .  A m .  C h em . S o c ., 
60,2023(1938).
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pinnate (I) in yields that varied from 4(3% to 61%. 
In order to obtain these higher yields, it was found 
necessary to keep the molar ratio of amine to 
acetaldehyde close to 1:1. Increasing the ratio of 
aldehyde to amine led to increased amounts of the 
diethylamino derivative being formed. Compound 
I was obtained as a solid, m.p. 35-36°, which 
traveled as a single spot (77/ 0.72) on acetylated 
paper7 when detected by ultraviolet light or t- 
butyl hypochlorite spray8 (violet color) for NH. 
The 3- [p(diethylamino) phenyl (propionate had an 
Rr of 0.58 in the same system and gave a negative 
¿-butyl hypochlorite color test.

The preparation of methyl 3 j-p-[ethyl (2-hy- 
droxyethyl)amino(phenyl¡propionate (IV) from I 
and ethylene oxide in acetic acid solution pro
ceeded smoothly in 90%, yield. The product was 
homogeneous on paper7 (77/ 0.83).

The synthesis of methyl 3-{p-[(2-chloroethyl)- 
ethylamino¡phenyl¡propionate (VIII) from IV was 
accomplished in 61% yield, chlorination being 
effected by the use of thionyl chloride in chloro
form. The product was purified by chromatography 
on a column of acid-washed alumina by elution 
with chloroform to yield the free base (VIII). This 
treatment removed colored by-products and allowed 
VIII to be obtained as an analytically pure, light 
yellow oil.

In larger-scale preparations of VIII, the reaction 
product could be purified more conveniently by 
stirring a chloroform solution of it with alumina 
to remove the pigmented by-products.

The desired final product, 3-{p-[(2-chloroethyl)- 
ethylamino¡phenyl¡propionic acid (IX) was ob
tained in 94% yield by hydrolysis of VIII with 
hot concentrated hydrochloric acid An analytical 
sample, m.p. 85-86°, traveled as a single spot 
(77/ 0.72) on paper.7 Chlorambucil had an Rf of 
0.64 in the same system and could be detected in a 
concentration as low as one pg. Since no spot other 
than that with Rf 0.72 was detected when IX was 
run at 100 pg., the maximum amount of 3-[bis(2- 
chloroethyl)aminophenyl ¡propionic acid (a com
pound that would move more slowly (less polar) 
than IX) that could be present as an impurity in 
IX, would be 1%.

For the synthesis of the other “one-armed” 
mustard, 3 - [p - (2 - chloroethylamino)phenyl¡pro
pionic acid (X), the route II-V -V II-X I-X  was 
successful. Tosylation of methyl 3 - (p - amino- 
phenyl)propionate yielded methyl 3-[p-(p-tolyl- 
sulfonamido)phenyl]propionate (V) in 84% yield,

(7) Paper chromatograms were run by the descending 
technique on Schleicher and Schuell No. 2043B acetylated 
paper with benzene-methanol-water (0:2:1) as the solvent 
system. Compounds were detected by their ultraviolet ab
sorption or by the use of /-butyl hypochlorite spray in (he 
case of the monosubstituted amines.

(8) D. P. Schwartz and M. J. Palla.nsch. A n a l .  C h o w ., 
30,219(1958).

(9) J. N. Baxter and J. Cvmerman-C'raig. J .  C h e w . Soo.. 
1940(1953).

as ti crystalline solid that traveled as a single spot 
(/t>/ 0.52) on paper.7

Attempts to hydroxy ethylate V in the usual 
manner with ethylene oxide in aqueous acetic acid 
solution at room temperature failed to give any 
product, starting material being recovered. Heating 
V with ethylene oxide in benzene at 150° in a 
sealed tube gave a 93% yield of crude VI which 
could be purified by recrystallization from benzene- 
petroleum ether. This analytically pure VI moved 
as a single spot (77/0.61) on paper.7

Attempts to chlorinate VI using thionyl chloride 
in refluxing chloroform failed to yield any of the 
desired product, starting material and two other 
compounds, neither of which contained chlorine, 
being recovered. Therefore, VI was hydrolyzed to
3- [p-(2-hydroxyethylamino)phenyl ¡propionic acid 
(Vila) using concentrated hydrochloric acid, 
followed by re-esterification with methanol. By 
this procedure, methyl 3-[p-(2-hydroxyethylami- 
no)phenyl ¡propionate (Vllb) was obtained in 70% 
yield as a crystalline solid, m.p. 51-52°, that moved 
as a single spot (77/0.68) on paper.7

Several attempts to chlorinate Vllb using thionyl 
chloride in refluxing chloroform, followed by chro
matography of the reduction products on acid- 
washed alumina, resulted only in intractable 
products containing variable amounts of chlorine. 
An analytical sample of methyl 3-[p-(2-chloroethyl- 
amino)phenyl¡propionate (XI) was finally ob
tained in low yield by chlorination of Vllb as its 
hydrochloride with thionyl chloride in chloroform, 
followed by chromatography on acid-washed alu
mina and elution with chloroform. The product
(XI) moved rapidly off the column and was shown 
to be homogeneous on paper7 (77/ 0.60).

The low yields resulting from the action of 
thionyl chloride on the free base were primarily due 
to tar formation at the boiling point of chloroform. 
When the reaction was run at room temperature, 
it was too slow to be effective. However, when the 
chloride ion concentration was increased by addi
tion of pyridine hydrochloride, the nucleophilic 
conversion of the intermediate chlorosulfite by the 
chloride ion to the chloroethyl derivative (XI) was 
greatly accelerated at room temperature compared 
with the rate of tar formation; XI was then iso
lated, after chromatography on acid-washed alu
mina, in 62% yield.

Hydrolysis of XI in concentrated hydrochloric 
acid by refluxing for one hour, followed by neu
tralization with sodium acetate, yielded 86% of 3- 
[p-(2-chloroethylamino)phenyl]propionic acid (X) 
as a colorless solid, m.p. 102-105°, that had 77/0.66 
on paper.7

Earlier attempts in these laboratories to prepare
3- [p-(2-hydroxyet hylanuno)phenyl ¡propionic acid 
(Vila) via the method of Baxter and Cymerman- 
Craig,9 i.c., conversion of 3-(p-aminophenyl)pro- 
pionic acid (Ila) or methyl 3-(p-aminophenyl)pro-
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pionate (lib) to the ¿V-benzylidene derivative, 
quaternization with 2-bromoethanol, followed by 
acid hydrolysis of the quaternary salt to Vila, 
failed.

3-(p-Diazoniumphenyl)propionic acid bisulfate
(XII), another potential alkylating agent, was 
prepared in 64% yield by diazotization of 3-(p- 
aminophenyl) propionic acid using barium nitrite 
and sulfuric acid. Attempts to conduct the diazo
tization with sodium nitrite in hydrochloric acid

Ha XII

or 48% fluoboric acid2 resulted in mixtures that 
could not be separated from the concomitantly 
formed inorganic salts. This difficulty was avoided 
in the barium nitrite-sulfuric acid diazotization 
by removing the insoluble barium sulfate by filtra
tion prior to isolation of XII.

Methyl 3 - [p- (Ar-nitrosoacetamido) phenyl ]pro- 
pionate (XIV) was prepared in 90% yield by the 
action of nitrosyl chloride on methyl 3-(p-acetami- 
dophenyl(propionate (XIII) dissolved in glacial

c h 2c h 2c o 2c h -

n h c c h 3
II
o  X III

c h 2c h ,c o 2c h 3

acetic acid, in the presence of potassium acetate.10 11 
This compound (XIV) is stable in the solid state at 
20° but decomposes at 0° in aqueous methanolic 
solutions.

Biological results,u Of the four alkylating agents, 
screening has been completed on all but X. Com
pounds IX, XII, and XIV showed no appreciable 
inhibiting effect at their maximum tolerated doses 
(9, 80, and 20 mg./kg., respectively) on Sarcoma 
180, Adenocarcinoma 755, and Leukemia L-1210; 
chlorambucil is also noniuhibitory on these three 
tumors. However, all three compounds produced a 
modest increase in survival time on mice bearing

(10) H. France, I. M. Heilbron, and D. H. Hey, ,/. C h em . 
S o c ., 369(1940).

(11) These tests were performed at this Institute by 
Dr. Joseph Greenberg and his staff under contract to the 
Cancer Chemotherapy National Service Center.

(12) H. J. Creech, T. S. Hauschka, F. F. Hankwitz, Jr.,
B. J. Littleton, and J. Andre, C a n cer  R esea rch , Supplement
No. 3, 47 (1955) have defined activity against Ehrlich 
ascites as ( —) for 0-19%, a ( ± )  for 20-50%, a ( +  ) rating 
for 51-125%, a ( +  +  ) rating for greater than 125% increase 
in survival time over untreated control animals.

Ehrlich ascites, a tumor system that responds to 
chlorambucil. Compounds IX and XIV showed ( +  ) 
activity, while compound XII had (±  ) activity.12

EXPERIMENTAL13

M e th y l  3 - (p -e th y la m in o p h e n y l)p r o p io n a te  (I). To a solu
tion of 1.79 g. (0.01 mole) of methyl 3-(p-aminophenyl)- 
propionate ( lib )14 in 50 ml. of ethanol was added, dropwise 
with shaking, 0 88 g. (0.02 mole) of freshly distilled acetal
dehyde. Anhydrous sodium acetate (0.1 g.) and 11 g. of 
Raney nickel were added and the mixture shaken with 
hydrogen at 56 p.s.i.g. for 4 hr. The mixture was filtered 
and the catalyst washed well -with ethanol. The colorless 
filtrate was concentrated i n  vacuo  to a sirup which was par
titioned between water and ether. Concentration of the ether 
solution i n  vacuo  gave a sirup which crystallized on rubbing. 
Recrystallization of this material from methanol-water 
gave a 61% yield of solid, m.p. 30-33°. Two more reerystal- 
lizations of this solid (0.5 g.) from two 1.5-ml. portions 
of methanol bt? addition of a few drops of water, gave ana
lytically pure material, m.p. 35-36°. X®'” m  2.97 (NH), 5.77 
(ester C = 0 ), 6.20, 0.57 (aryl, NH), 8.30, 8.61 (ester 
C—O—C), 12.25 (p-disubstituted phenyl). The compound 
traveled as a single spot on paper7 (7?/ 0.72), as detected by 
ultraviolet light or by development with a ¿-butyl hypo
chlorite spray8 (violet color). The starting material ( 11 b ) 
has R f  0.68 in this system and developed a blue color with 
¿-butyl hypochlorite.

A n a l .  Calcd. for CVH^XO,: C, 69.5; H, 8.27; N, 6.76. 
Found: C, 69.2: H, 8.59; N, 6.73.

M e th y l  3 - { p -[ e th y l(£ -h y d r o x y e th y l)a m in o ] p h e n y l} p r o p io -  
n a te  (IV). To a solution of 1.7 g. (8.3 mmoles) of methyl 3- 
p-ethylaminophsnyl(propionate (I) dissolved in a solution 
of 10 ml. of glacial acetic acid and 10 ml. of water, wras added 
2 ml. of ethylene oxide with shaking. After 24 hr. a t room 
temperature, the solution was poured into 40 ml. of water 
and neutralized with solid sodium hydrogen carbonate. 
The oil that separated was extracted with two 15-ml. por
tions of ethyl acetate. The combined extracts, dried over 
anhydrous magnesium sulfate, were filtered and con
centrated i n  vacuo  to a pale brown sirup; yield 1.87 g. 
(90%); Xlml(w 2.95 (OH), 5.73 (ester C = 0 ) , 8.35 (ester 
C—O—C), 9.55 (C—OH), 12.35 (p-disubstituted phenyl). 
The compound traveled as a single spot ( R y  0.83) on paper,7 
as detected by ultraviolet light. This sirup could not be 
crystallized, nor did it furnish a crystalline picrate.

M e th y l  S-{ p- [(2 -rh lo ro e th y l)e th y la m in o ] p h e n y l j p ro p io n a te
(VIII). To a solution of 1.4 g. (5.5 mmoles) of IV in 14 ml. 
of chloroform was added 0.60 ml. (8 mmoles) of thionyl chlo
ride. After being refluxed for 15 min., the dark brown solu
tion was poured onto ice; the chloroform layer was separated 
and dried over anhydrous magnesium sulfate. The filtered 
solution was concentrated i n  vacuo  to about 5 ml., then 
chromatographed on a column of 20 g. of activated alumina 
(Merck acidwvashed aluminum oxide). The product was 
eluted from the column with 30 ml. of chloroform, the pig
mented impurities remaining adsorbed. Concentration of the 
pale yellow solution gave a light yellow sirup; yield 0.91 g. 
(61%); XrZ“ 5.72 (ester C = 0 ), 8.30, 8.55, 9.65 (ester 
C—O—C), 12.33 (p-disubstituted phenyl), 13.60 (C—Cl), 
and no OH near 2.9. The sirup traveled as a single spot ( R y  
0.79) on paper7 as detected by ultraviolet light.

A n a l .  Calcd. for C14H,0ClNO2: C, 62.3; H, 7.43: Cl, 13.1; 
N, 5.19. Found C, 62.6; H, 7.56: Cl, 13.3; N, 5.06.

3 - \(£ -C h lo r o e th y l)e lh y la m in o ] p h e n y l p r o p io n ic  a c id  (IX).

(13) Melting points were taken on a Fisher-Johns block 
and are uncorrected.

(14) W. A. Skinner, H. F. Gram, C. W. Mosher, and B. 
R. Baker, J .  A m .  C h em . S o c ., 81, 4639 (1959).
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A solution of 0.85 g. (3.1 mmoles) of V III in 8.5 ml. of coned, 
hydrochloric acid was refluxed for 2 hr. The dark solution 
was chilled and neutralized with saturated sodium acetate 
solution. The product, which crystallized on rubbing, was 
collected on a filter and washed with water: yield 0.72 g. 
(94%), m.p. 82-85°; 5.85 (acid C = 0 ) , 6.58 (aryl),
12.25 (p-disubstituted phenyl) 13.50 (C—Cl). The com
pound traveled as a single spot (R f  0.72) on paper.7 An 
analytical sample was prepared by two recrystallizations 
from ethanol-water, m.p. 85-86°.

A n a l .  Calcd. for CI3H,8C1N02: C, 61.1; H, 7.05; Cl, 13.9; 
N, 5.47. Found: C, 60.9; H, 7.16; Cl, 14.1; N, 5.45.

M e th y l  3 -[ p - (p - io ly ls u l fo n a m id o )p h e n y l  p ro p io n a te  (V). To 
a solution of 1.79 g. (0.01 mole) of l ib 14 in 10 ml. of pyridine 
was added, with stirring in an ice bath, a solution of 2.86 
g. (0.015 mole) of p-toluenesulfonyl chloride in 5 ml. of 
pyridine during a 10-min. period. The orange solution was 
stirred in ice for 3 hr., poured into 25 ml. of ice water, and 
extracted with three 10-ml. portions of ethyl acetate. The 
combined, dried solvent extracts were concentrated i n  vacuo  
to an orange sirup which was crystallized from methanol. 
The product was collected on a filter and washed wdth 50% 
aqueous methanol, jdeld 2.8 g. (84%), m.p. 83-87°; m
3.10 (NH), 5.82 (ester 0 = 0 ) ,  7.46 (—SOaN—), 8.61 (ester 
C—O—C and •—S02N-—), 11.98, 12.24 (p-disubstituted 
phenyl). The compound traveled as a single spot (R f  0.52) 
on paper.7

An analytical sample was prepared by three recrystalliza
tions from methanol-water, m.p. 91-92°.

A n a l .  Calcd. for C17H19N 04S: C, 61.2; H, 5.74; N, 4.20. 
Found: C, 61.5; H, 5.76; N, 4.08.

M e th y l  3 -{ p -[ N - (2 -h y d r o x y e th y l) -p - to lu e n e s u l fo n a m id o ] -  
p h e n y l} p r o p io n a te  (VI). To a solution of 1.0 g. (3 mmoles) 
of V in 10 ml. of benzene in a glass tube was added 5 ml. of 
ethylene oxide. The tube was sealed and heated in an oil 
bath a t 150° for 5 hr. Concentration i n  vacuo  gave a sirup 
that crystallized on standing. Recrystallization from ben
zene-petroleum ether gave 1.05 g. (93%), m.p. 94-96°.

An analytical sample was prepared by recrystallization 
from benzene-petroleum ether, m.p. 95-96°; X̂ “(ol(w 2.88 
(OH), 5.80 (ester C = 0 ) , 7.42 (—S02N—).. 9.48 (C—OH),
12.25 (p-disubstituted phenyl). The compound moved 
as a single spot (.ffi/ 0.61) on paper.7

A n a l .  Calcd. for C,9H23N 0 5S: C, 60.5; E , 6.14; N, 3.71. 
Found: C, 60.8; H, 6.22; N, 3.52.

A reaction time of 16 hr. gave a much lower yield.
M e th y l  3 -[p -(2 -h y d r o x y e th y la m in o )p h e n y l\p r o p io n a .te  

(Vllb). A suspension of 0.50 g. (1.3 mmoles) of VI in 5 ml. 
of coned, hydrochloric acid was heated under reflux for 1 
hr. After 45 min., solution was almost complete; the mix
ture was decanted from a little oil and concentrated i n  vacuo  
to a pale brown sirup. This sirup (V ila) was refluxed for 2 
hr. in 20 ml. of methanol saturated with hydrogen chloride. 
The solution was concentrated in  vacuo  to a sirup, which was 
suspended in water and neutralized with 10% sodium hj-- 
drogen carbonate solution. The oil that separated was ex
tracted with two 10-ml. portions of ethyl acetate and the 
combined extracts were dried over anhj'drous magnesium 
sulfate. Concentration i n  vacuo  of the extract freed from 
drying agent yielded 0.2 g. (70%) of a pale yellow sirup 
which crystallized on cooling. Recrystallization from ben
zene by addition of petroleum ether (b.p. 30-60°) yielded 
white platelets, m.p. 51-52°; X;(%'M) 3.00 (OH, NH), 5.78 
(ester C = 0 ) , 6.20 (aryl), 6.55 (NH), 8.50, 8.65 (ester 
C—O—C), 9.50 (OH), 12.20 (p-disubstituted phenjd). The 
compound traveled as a single spot ( R f  0.68) on paper.7

A n a l .  Calcd. for Ci2Hi7N 0 3: C, 64.5; H, 7.68. Found: 
C, 64.3; H, 7.67.

M e th y l  3 -[p - (2 -c h lo ro e th y la m in o )p h c n y l] p ro p io n a te  (XI). 
A solution of 0.75 g. (3.3 mmoles) of V llb in 8 ml. of chloro
form was treated with hydrogen chloride. Then 1.1 g. (10 
mmoles) of pyridine hydrochloride followed by 0.43 ml. 
(6 mmoles) of thionyl chloride, was added. The solution, 
protected from moisture, was allowed to stand for 16 hr. at

room temperature and then refluxed for 10 min. The re
sultant solution was poured into ice water; the chloroform 
layer was separated, dried over anhydrous magnesium 
sulfate, and concentrated i n  vacuo  to a light brown sirup 
(0.6 g.). This sirup was chromatographed on acid-washed 
alumina (20 g.) and eluted with chloroform, the yellow 
band being collected on elution. The eluate was a pale 
yellow sirup; yield, 0.5 g. (62%); X ^  (m 2.92 (NH), 5.72 
(ester C = 0 ) , 8.30-8.60, 9.70 (ester C—O—C), 12.20 (p- 
disubstituted phenyl), 13.3-13.6 (C—Cl). The compound 
moved as a single spot ( R f  0.60) on paper.7

A n a l .  Calcd. for C,2H16C1N02: C, 59.6; H, 6.67; Cl, 14.7: 
N, 5.79. Found: C, 59.9: H, 6.86; Cl, 14.3; N, 5.62.

S - \p - ( 2 -C h lo r o e th y la m in o )p h e n y l] p r o p im ic  a c id  (X). A 
solution of 0.8 g. (3.3 mmoles) of XI in 8 ml. of coned, hydro
chloric acid was refluxed for 1 hr., chilled, and neutralized 
with saturated sodium acetate solution. The precipitated 
solid was washed well with water and dried; yield 0.65 g. 
(86%), m.p. 102-105°. Three recrystallizations from 95% 
ethanol-water at room temperature jdelded a sample with 
m.p. 103-105°; Xl“,%, 2.95 (NH), 5.81 (acid C = 0 ), 7.65 
(C02H), 12.18 (p-disubstituted phenyl), 13.80 (C—Cl). 
The compound moved as a single spot ( R f  0.66) on paper.7

A n a l .  Calcd. for ChHhC1N02: C, 58.0; H, 6.15; Cl, 15.6; 
N, 6.15. Found: C, 58.2; H, 6.17; Cl, 15.5; N, 6.20

3 - (p - D ia z o n iu m p h e n y l)p r o p io n ic  a c id  b isu lfa te  (XII). A 
solution of 4.98 g. (0.03 mole) of 3-(p-aminophenyl)propio- 
nic acid ( Ila )14 in 9 ml. of coned, sulfuric acid was cooled in 
an ice bath to 3° and diluted with 12 ml. of water. A solu
tion of 3.95 g. (0.019 mole) of barium nitrite in 7 ml. of water 
at 3° was added with vigorous stirring to the acid solution 
over a 25-min. period. The reaction mixture was allowed to 
stand for 2 hr. at 0-5° and filtered. The barium sulfate resi
due was washed with 5 ml. of ice water and the filtrate 
evaporated i n  vacuo  to about one-half the original volume 
while being chilled in ice. Fifty milliliters of cold ethanol was 
added followed by 150 ml. of ether until the solution was 
turbid. The product, which crystallized when the mixture 
was rubbed and cooled in a Dry Ice-acetone bath, was col
lected on a filter and thoroughly washed with 200 ml. of cold 
ether; yield 5.3 g. (64%), m.p. 94° dec.; 3.75 (acidic
OH), 4.40 (N +=X ), 5.94 (acid 0 = 0 ) ,  8.57, 9.50 (HSO4-),
12.05 (p-disubstituted phenyl and H S04_).

A n a l .  Calcd. for C9H10N2O6S: C, 39.4; H, 3.67; N, 10.2. 
Found: C, 39.5; H, 3.97; N, 10.0.

M e th y l  3 - (p -a c e ta m id o p h e n y V )p ro p io n a te  (XIV). A mix
ture of 1.0 g. (0.0056 mole) of methyl 3-(p-aminophenyl)- 
propionate and 3 ml. of acetic anhydride was warmed for 
5 min. on a steam bath and then chilled. The precipitate 
was washed with water and collected on a filter; jdeld 1.05 g. 
(84%), m.p. 119-123°; X™r m  3.09 (NH), 5.80 (ester C = 0 ),
6.05 (amide C = 0 ) , 6.45 (amide NH), 11.94 (p-disubsti
tuted phenyl). A sample, recrystallized twice from methanol- 
water, had m.p. 125-126°.

A n a l .  Calcd. for C,2H15N 0 3: C, 65.1; H, 6.83; N, 6.33. 
Found: C, 65.3' H, 6.91' N, 6.08.

M e th y l  S - [ p - (N -n i tr o s o a c e ta m id o )p h e n y l \p r o p  'ona le  (XIII). 
To a solution of 6.66 g. (0.03 mole) of methyl 3-(p-acet.amido- 
phenyl)propionate (XIV) in 250 ml. of glacial acetic acid, 
90 ml. of acetic anhydride, and 24 g. of anhydrous potassium 
acetate, stirred and cooled to 0-5°, was added dropwise a 
solution of 60 ml. of acetic anhydride and 15 ml. (0.3 mole) 
of nitrosyl chloride.10 The reaction mixture was stirred 2 hr. 
a t 0-5°, poured onto 1 kg. of ice, and the mixture was diluted 
with 1 1. of water. A yellow precipitate formed which was 
collected on a filter and washed thoroughly with ice water 
(about 1 L); yield 6.8 g. (90%), m.p. 62.5-63.0° dec. For 
analysis, a portion of the yellow solid (0.3 g.) was recrystal
lized by dissolving it in 10 ml. of cold methanol and then 
adding 10 ml. of ice water; m.p. 62.5-63.0° dec.: X*“i°'(m 
5.75 (ester and amide C = 0 ) , 6.62, 6.78 (N = 0 ) , 8.45 (ester 
C—O—C), 11.98 (p-disubstituted phenjd).

A n a l . Calcd. for Ci2Hi4N20 4: C, 57.6; H, 5.63; N, 11.2. 
Found: C, 57.4; H, 6.06; N, 11.4.
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3-Deoxy-D-ribohexose-6-phosphate and  3-deoxy-D-gluconic acid-6-phosphate have been p repared  from  3-deoxy-D-ribo- 
hexose for testing  as po ten tia l a n tim etab o lite s for cancer chem otherapy.

It is believed at the present time that glucose is 
metabolized in tumor tissue by two pathways, the 
Embden-Meyerhof glycolytic pathway, which is 
the main pathway quantitatively, and the pentose 
phosphate pathway, which apparently serves to 
supply reduced triphosphopyridine nucleotide 
(TPNH) for use in reductive S3mtheses.4 There is 
evidence that the enzymes involved in the pentose 
phosphate pathway are present in greater amount in 
some tumor tissues than in normal tissues.5

Of the carbohydrate analogs which have been 
tested as glucose antagonists only those substi
tuted in the 2-position have shown activity.6 2-De- 
oxy-D-glucose (2-deoxy-D-arabohexose) and 2-de- 
oxy-D-galactose (2-deoxy-D-lyxohexose) are potent 
glycolytic inhibitors of human leucocytes, human 
leukemic cells, and a number of animal tumors.7 
Since the inhibition is competitive and is overcome 
by glucose-6-phosphate, it is apparently hexo- 
kinase, the enzyme which is necessary for the 
phosphorylation of glucose, which is affected.7 This 
block occurs at a very early stage in the glycolytic 
pathway, before the pentose phosphate pathway 
begins to operate. It would be of interest, therefore, 
to prepare compounds having the potential ability 
to block the metabolic pathway at a later stage. 
This paper describes the preparation of two com
pounds which may have this potentiality, 3-deoxy-

(1) This work was supported by the Clifford A. Hill 
Memorial Grant of the American Cancer Society and Grant 
CY-3885, National Cancer Institute, National Institutes of 
Health, U. S. Public Health Service.

(2) Postdoctoral Fellow, 1958-59.
(3) Present address: Vienna 18, Gentzgasse 64, Austria.
(4) C. E. Wenner, J. H. Hackney, and F. Moliterno, 

C ancer R esea rch , 18, 1105 (1958).
(5) G. Weber and A. Cantero, C a n cer R esea rch , 17, 995 

(1957).
(6) G. E. Woodward and M. T. Hudson, C a n cer R esea rch , 

14,599(1954).
(7) J. Laszlo, B. Landau, K. Wight, and D. Burk, J .  N a t l .

C ancer I n s t . ,  21, 475 (1958).

D -ribohexose-6-phosphate a n d  3-deoxy-D-gluconic 
ac id -6 -phosphate .

Using the procedure described by Reynolds and 
Evans8 8 9 10 11 for the corresponding glucose derivative,
3-deoxy-D-ribohexose9 was treated with triphenyl- 
methyl chloride and then with acetic anhydride to 
obtain 1,2,4-tri-0-acetyl-6-0-t riphenylmethyl-3-de- 
oxy-jS-D-ribohexose (I). Upon treatment with hy- 
drobromic acid in acetic acid the triphenylmethyl 
group was removed, giving l,2,4-tri-0-acetyl-3- 
deoxy-/3-D-ribohexose (II). Analysis showed this 
compound to be a monohydrate and the infrared 
spectrum had an absorption band at 1655 cm.-1, 
indicating the presence of water. Attempts to re
move the water azeotropically were only partially 
successful. To prove it was actually the 1,2,4-tri
acetate it was converted back to 1,2,4-tri-O-acetyl-
6-0-t riphenylmethyl-3-deox\--i3-n-ribohexose (I).

The triacetate (II) was phosphorylated in the
6-position with diphenylphosphorochloridate using 
the procedure described by Lardy and Fischer10 for 
the preparation of glucose-6-phosphate. The 1,2,4- 
tri - 0 - acetyl - 3 - deoxy - /3 - d  - ribohexose - 6- 
diphenylphosphate (III) was obtained as an oil. 
Low-pressure hydrogenation of (III) yielded 1,2,4- 
tri - 0 - acetyl - 3 - deoxy -  ¡3 -  d  -  ribohexose - 6- 
phosphate (IV), also as an oil. Deacetylation in 
acid solution gave 3-deoxy-D-ribchexose-6-phos- 
phate, which was isolated as the barium salt (V) 
and further purified as the brucine salt (VI).

Oxidation of the barium salt (V) was accom
plished with barium hypoiodite by a modification 
of the procedure used by Levene and Raymond11 for

(8) D. Reynolds and W. Evans, O rg. S y n th e s e s , 22, 56
(1942).

(9) M. Czerny and J. Pacdk, C h em . L i s ty , 49, 1848
(1955) ; C o llec tion  C zechoslov. C h em . C o rr .m u n s ., 21, 1003
(1956) .

(10) H. A. Lardy and H. O. L. Fischer, J .  B io l .  C h em ., 
164,513(1946).

(11) P. A. Levene and A. L. Raymond, J .  B io l . C h em ., 
91,751 (1931).
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the preparation of barium D-gluconic acid-6-phos- 
phate. The barium 3-deoxy-D-gluconi3 acid-6-phos- 
phate (VII) thus obtained was purified by conver
sion to the brucine salt (VIII). Just as in the case of 
the corresponding Z)-gluccse derivatives,11 3-deoxy- 
D-ribohexose-6-phosphate forms a dibrucine salt and
3-deoxy-D-gluconic acid-6-phosphate a tribrucine 
salt.

Results of the biological testing of these two 
compounds will be reported elsewhere.

EXPERIMENTAL12

The 3-deoxy-i>-ribohexose (3-deoxy-n-gluoose) used in 
these experiments was an oil having [a]2n +23.0° (c , 0.8; 
water). Czerny and Pacik give [ah,8 +24.9° (c, 0.503; 
water).9’13

l,2 ,4 -T ri-O -n ce t!il-6 -O -trip h en .!/lm elh !/l-3 -d eo x!/-0 -i> -r ib o -  
hexose  (I). A mixture of 3.4 g. (0.021 mole) of 3-deoxy-i>- 
ribohexose, 17 ml. of pyridine, and 5.5 g. (0.024 mole) of 
triphenylmethyl chloride was warmed to 50°, shaken until 
homogeneous, and then kept at room temperature for 24 hr. 
Acetic anhydride (11 ml., 0.12 mole) was added anil after 
standing overnight the mixture was stirrec into 300 ml. of 
ice water containing 17 ml. of acetic acid. After allowing the 
precipitate to settle under refrigeration, the solid was re
moved by filtration and dried rapidly onfilter paperbefore 
reaching room temperature. It was taken up in 12 ml. of 
ethanol, then heated until the oil which formed had dis
solved and crystals began to form. Cooling and filtering 
gave 4.0 g. (36')i ) of crude l,2,4-tri-0-acetyl-6-0-triphenyl- 
methyl-3-deoxy-3-n-ribohexose. Recrystallization from a 
mixture of ethanol and acetone (3:1) gave 2.2 g. of white 
crystals, m.p. 196°. [a]2D5 +8.3° (c, 2.0: chloroform).

A n a l .  Calcd. for CsiH^Og: C, 69.9: H, 6.01. Found: C,
70.36, 70.27: H, 6.00, 6.02.

l ,2 ,4 -T r i-0 -a c e ly l-3 -d e o x !/- f} -n -r ib o h e x o se  (II). A mixture 
of 7 g. (0.013 mole) of l,2,4-tri-0-acetvl-6-0-triphenyl- 
methyl-3-deoxy-d-D-ribohexosc and 50 ml. of acetic acid 
was heated on a steam bath to effect solu ion, then cooled 
in an ice bath to 5-10°. Hvdrobromic acid (5 ml. of a 30- 
32' ,  solution in acetic acid) was added at once and the mix
ture was shaken for 1 min. The precipitate of triphenyl
methyl bromide which formed was removed by filtration 
and the filtrate was poured into 200 ml. cf ice water. The 
precipitate which formed was removed by extraction of the 
aqueous mixture with chloroform, the chloroform extract 
was washed three times with ice water and then dried over 
anhydrous sodium sulfate. The chloroform was removed at 
reduced pressure, keeping the temperature below 40°. The 
partly crystalline residue was dissolved in warm chloroform 
and treated with hexane to turbidity. Upon cooling crystals 
were obtained. Repeated recrystallization from chloroform- 
hexane gave 2.8 g. (71.8%) of l,2,4-tri-0-.ieetyl-3-deoxy-)3- 
n-ribohexose, m.p. 95-96°. Analysis showed this compound 
to be a monohydrate. [a]2n5 —6.8° (c, 2; chloroform).

A n a l . Calcd. for CiTRgOj.FUO: C, 46.75; II, 6.49. Found: 
C, 46.78, 47.04; H, 6.45, 6.23.

Drying with organic solvents or i n  va cu o  did not com
pletely remove the water of hydration. To prove that this 
was the desired 1,2,4-triacetate, compound II (1 g.) was 
dissolved in 10 ml. of pyridine and 1 g. of triphenylmethyl 
chloride was added with ice cooling. After 12 hr. the mixture

(12) Melting points are uncorrected. Microanalyses were 
performed by Galbraith Microanalytical Laboratories, 
Knoxville, Tenn. Rotations were determined with a Keston 
Polarimeter standardized against sucrose (National Bureau 
of Standards Standard Sample 17).

(13) For data on crystalline 3-deoxy-a-n-rfkohexose, see 
J. W. P ratt and X. K. Richtmyer, J .  A m .  C h em . S o c ., 79,
2597(1957).

was poured into ice water, and extracted with chloroform. 
The chloroform extract was washed with dilute hydrochloric 
acid, then with water, and evaporated at reduced pressure. 
Recrystallization from ethanol gave a compound, m.p. 
195°, which showed no depression in melting point when 
mixed with compound I.

1 ,2 ,4 -T r i-0 -a c e ty l-3 -d e o x y - f3 -D -r ib o h e x o se -6 -d ip h e n y lp h o s -  
p h a te  (III). To an ice-cold solution of 1.5 g. (0.005 mole) of
l,2,4-tri-0-acetyl-3-deoxy-/3-D-ribohexose (dried in a drying 
pistol at 65° for 5 hr.) in 7 ml. of pyridine was added drop- 
wise 1.7 g. (0.006 mole) of diphenvlphosphorochloridate.14 
After standing in the refrigerator overnight, during which 
time a precipitate of pyridine hydrochloride had formed, 
the reaction mixture was poured into ice water, extracted 
with chloroform, washed with dilute ice-cold hydrochloric 
acid until all the pyridine had been removed, then with 
ice water. After drying over sodium sulfate, the chloroform 
was removed by evaporation at reduced pressure, leaving
2.2 g. (84%) of l,2,4-tri-0-acetyl-3-deoxy-/S-D-ribohexose-
6-diphenylphosphate as an oil.

l ,2 ,4 -T r i-0 -a ce ty l-3 -d e o x !/- f} -l> -r ib o h cxo se -6 -p h o sp h a le  (IV). 
A solution of 5.0 g. (0.01 mole) of I II  in 25 ml. of absolute 
ethanol containing 0.4 g. Adams’ platinum oxide catalyst 
was hydrogenated at low pressure. Removal of the catalyst 
by filtration and evaporation of the solvent gave 3.1 g. 
(83.7%) of l,2,4-tri-0-acetyl-3-deoxy-/3-D-ribohexose-6-phos- 
phate as an oil.

B a r iu m  xa lt o f  3 -deoxy-T > -ribohcxose-6-phosphale  (V). 1,2,4- 
Tri-0-aeetyl-3-deoxy-/3-D-ribohexose-6-phosphate (3.0 g .; 
0.008 mole) was added to a mixture of 3 ml. of cone, hydro- 
bromic acid in 50 ml. of water {cm. 0.6V acid) and then the 
mixture was heated on the steam bath for 3 hr. with frequent 
shaking. After cooling and treating the solution with barium 
hydroxide to pH 8, the mixture was filtered, the residue was 
washed with cold water, and the clear filtrate was added to 
four times its volume of ethanol. The precipitate was col
lected bv centrifugation, then suspended successively in 
80% ethanol, absolute ethanol, ethanol-ether (3:1), ethanol: 
ether (1 :3), and ether, each time being collected by centrif
ugation. The solid was again dissolved in 100 ml. of cold 
water, filtered to remove insoluble material, and then added 
to 400 ml. ethanol. The precipitate was again collected and 
washed as described above, giving 1.3 g. (43%) of the 
barium salt of 3-deoxy-n-ribohexose-6-phosphatc. [a]2D8 
+3.8° (c, 2; water).

B rucine , sa lt o f  3 -d eo x!/-n -r ib o h exo se -6 -p h o sp h a le  (VI). The 
barium salt of 3-deoxy-n-rihohexose-6-phosphate (0.4 g.) 
was dissolved in 4 ml. of water, passed through a column of 
Amberlite IR-120 ion exchange resin, the column was 
washed with water, and the eluate was treated with metha- 
nolic solution of brucine to pH 7.5. Evaporation of the solu
tion left a white powder which was recrystallized several 
times from 2 ml. of acetone-water (2:1); after drying over 
phosphorus pentoxide at 3 mm. and 60°, [a)2n8 —24.2° (e, 
0.784; water). Analysis corresponded to the dibrucine salt 
of 3-deoxv-D-ribohexose-6-phosphate.

A n a l .  Calcd. for CssHesO^NjP: N, 5.33; P, 3.0. Found: 
N, 5.33, 5.46: P, 2.73, 2.80.

B a r iu m  sa lt o f  8 -d eo x y -o -g lu c o n ic  acid -6 -p h o sp h a te . (VII). 
The barium salt of 3-deoxy-D-ribohexose-6-phosphate (V) 
(0.8 g .; 0.002 mole) was dissolved in 7.0 ml. of water, 0.5 g. 
of iodine and 1.0 g. of barium iodide were dissolved in 3 
ml. of water, and the two solutions were mixed. With stirring, 
a solution of 0.5V barium hydroxide (16 ml.) was added 
dropwise at room temperature over a period of 20 min. 
After stirring for another 20 min. the iodine color had dis
appeared. Ethanol (50 ml.) was added and the barium salt 
was isolated by centrifugation, then washed by suspension 
in water, ethanol, and ether, giving 0.9 g. of a white powder.

B r u c in e  sa lt o f  3 -d eo xy -o -g h ico r tic  a c id -6 -p h n s p h a te  (VIII). 
The barium salt of 3-deoxy-n-gluconic aeid-6-phosphate

(14) Prepared bv the method of P. Brigl and H. Muller, 
B er. 72,2121 (1939).
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(0.8 g.) was dissolved in 5 ml. of water and passed through 
a column of Amberlite IR-120 ion exchange resin. The eluate 
was treated with a methanolic solution of brucine of pH
7.5-8. After evaporation a t reduced pressure the residue was 
recrystallized several times from methanol, giving 0.5 g. 
of the brucine salt. [a]1 2D5 —20.2° (c, 0.97; water). The 
analysis showed the salt to be the tribrucine derivative of 
3-deoxy-D-gluconic acid-6-phosphate.

A n a l .  Calcd. for C-jHoothiNeP: N, 5.83; P, 2.15. Found: 
N, 5.74, 5.61; P, 1.92, 1.61.

Acknowledgment. We are indebted to Mrs. Ru-Jen 
Lee Han for her assistance in preparing the 3-deoxy- 
D-ribohexose used in these experiments.
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T h e C h em istry  o f  th e  S p iroam in ok eta l S ide C hain o f  Solasodine and  
T o m a tid in e . I .1 Im proved P reparation  o f  3/3-A cetoxy-5,16-pregnadien-20-one  

and  3/3-A cetoxy-5a-pregn-16-en-20-one from  Solasod ine and T o m a tid in e .

YOSHIO SATO, NOBUO IKEKAWA,2 a n d  ERICH MOSETTIG

R ece ived  S e p te m b e r  2 4 , 19 5 0

The steroidal alkaloids solasodine and tomatidine have been degraded in excellent over-all yields (65-68% i to 3/S-acetoxy-
5,16-pregnadien-20-one and 30-acetoxy-5a-pregn-16-en-2O-one by conversion of the 0,AT-diacetates of the alkaloids into the 
respective pseudoacetylamino derivatives, chromic anhydride oxidation of the latter and final hydrolysis with acetic acid.

The announcement from this laboratory3 con
cerning the degradation of solasodine (IA) (via 
VA) to 3/3-acetoxy-5,16-pregnadien-20-one (IVA) 
has spurred several laboratories4'6’6 to effect an 
increase in the yields originally obtained by us 
(10-20%) in this process. We wish to describe in 
this paper a modified and greatly improved con
version of solasodine (LA), dihydrosolasodine (IC) 
and tomatidine (IB) to their respective pregneno
lone derivatives IVA and IVB.

When a solution of 0, A-d ia c e ty Iso laso d in e7 
(IIA) in glacial acetic acid (or propionic acid) 
was refluxed for 15 minutes, a crystalline 3/3- 
acetoxy-26-acetylamino-5,20(22)-furostadiene (III- 
A) was obtained in a yield of 95-98%. 0,N- 
Diacetyltomatidine8 (IIB) similarly gave a 95% 
yield of crystalline 3/3-acetoxy-26-acetylamino- 
5a-furost-20(22)-ene (IIIB) by this procedure. 
IIIA and IIIB can also be readily obtained, but

(1) A preliminary account of this work was published in 
J .  Org. C h e m ., 24, 893 ( 1959).

(2) Visiting Scientist, National Institutes of Health.
(3) Y. Sato, H. K. Miller, and E. Mosettig, J . A m .  C h em . 

S o c ., 73, 5009 (1951); Y. Sato, II. G. Latham, Jr., and E. 
Mosettig, J .  O rg. C h e m ., 22, 1496 (1957).

(4) P. Tuzson, Mitt. Ungar Akad. Wiss., S k c t  f ü r  C h em ., 
5,77,(1956).

(5) K. Schreiber, “Über das Vorkommen von Solaso- 
dinglykosiden in Solanum nigrum L. und ihre industrielle 
Verwertung” Vortrag anlässlich der 6. Arbeitstagung der 
Deutschen Gesellschaft für Arzneipflanzenforschung vom 
2-4, Oktober 1958 in Tübingen, Deutschland.

(6) N. N. Suvorov, M e d . P r o m ., 10, 22 (1956); N. N. 
Suvorov, L. V. Sokolova, L. M. Morozovskaya, and V. S. 
Murasheva, K h im .  N a u k a  i  P r o m ., 3, 281 (1958).

(7) L. II. Briggs and T. O’Shea, J .  C h em . S o c ., 1654
(1952).

(8) T. D. Fontaine, J. S. Ard, and R. M. Ma, J .  A m .  C h em .
S o c ., 73,878(1951).

not as pure and in as good yields, by treating a 
solution of IIA and IIB respectively in acetic acid 
with mineral acids (perchloric or hydrochloric) 
at room temperature.9 9 10 11 12 IIIA has previously been 
obtained by chromatography on alumina of the 
crude reaction mixture resulting from the treat
ment of solasodine with acetic anhydride.10 The
3-hydroxy compound of IIIB has likewise been 
obtained by the alkaline hydrolysis of the so-called 
unsaturated triacetyltomatidine (VB).11

By chromic acid oxidation of the pseudo com
pounds IIIA and IIIB in aqueous acetic acid (80%) 
and subsequent hydrolysis of the acyloxy side 
chain with acetic acid according to the method of 
Cameron et al.12 the respective pregnenolone ace
tates IVA and IVB were obtained in high yields. 
We have found that optimal results were obtained 
in the oxidation when two molar equivalents of 
chromium trioxide were used. Although these 
products are crystalline and can be readily puri
fied by recrystallization, it has been found expe
dient to resort to chromatography r.t this stage. 
The j’ields of IVA and IVB (from IIA and IIB) 
ranged from about 75-80%. In a continuous opera
tion, i.e. without the isolation and purification of 
IIA and IIIA. solasodine (IA) .gave 65% of the 
pregnenolone derivative IVA. Similarly, tomatidine

(9) The chemistry and structure proof of the byproduct 
obtained in this reaction will be discussed in a forthcoming 
publication of this series.

(10) Y. Sato, H. G. Latham, Jr., and E. Mosettig, J .  
O rg. C h e m ., 2 2 , 1496(1957).

(11) Y. Sato, and H. G. Latham, Jr., J .  A m .  C h em . S o c .,  
78,3150(1056).

(12) A. F. B. Cameron, R. M. Evans, J. C. Hamlet, J. S. 
Hunt, P. G. Jones, and A. G. Long, J .  C h em . S o c ., 2807
(1955).



7 8 4 ■SATO, IK EK A W A , AND MOSETTIG v o l . 2 5

ÏÏA A5, C25-D 
IE B 05a, C25-L 
HC C5a,C25-D

m  a A5, c25-d 
3ZI B C5a,C25-L 

AI2O3

III A A5, C25 
MB C5CI, C25-L

3L A A , C25-D 
31 B 05a,C25-L

1) [0)
2) OH"
31 Ac20-Py 

ch3 
c=o

IC  C50, C25-D

Compounds represented by partiid formulas II, III, V, 
and VI possess a 30-acetoxy function

the use of 3.8 mole equivalents of acetic anhydride 
in pyridine (one hour boiling) to be the most 
satisfactory resulting in a minimum formation of 
VIA. 5,6-Dihydrosolasodine (IC) was found to 
behave in the same way towards acetylation as 
solasodine. It is of interest to note that VIA was 
formed almost to the extent of 50% when solaso
dine (IA) was refluxed with acetic anhydride for 
several hours.10 The same treatment of tomatidine 
(IB)16 yields VIB to a much lesser extent (20-25%). 
As oxidation17 of VIA or VIB does not give the 
desired pregncnolones, the poor yield of the 
pregnadiene derivative IVA (in contrast to the 
fairly good yield of IVB) by the procedure formerly 
reported by us10 is readily explained. As 5,6- 
dihydrosolasodine (IC) behaves more like solaso
dine than tomatidine, it is most probable that the 
difference in configuration of solasodine and tomati
dine at C2518' 19 is responsible for their behavior 
towards acetylation.

A salient feature of the byproducts VIA and 
VIB is that they can be readily reconverted into 
the corresponding original alkaloids IA and IB 
by treatment with alcoholic alkali.

The above series of conversions demonstrate 
that these steroidal alkaloids, and particularly 
solasodine, bear promise of serving as commercial 
starting material in the synthesis of steroidal 
hormones.

(IB) yielded 68% of IVB. Dihydrosolasodine13 (IC) 
also gave allopregnenolone acetate, IVB, in compar
able yields via IIC and 111C. As the degradation of 
these steroidal alkaloids starts from the corre
sponding OpV-diacetyl derivatives, it is of obvious 
importance to secure them in maximum yields. It 
is recognized14 that considerable difference exists 
between these alkaloids in their behavior toward 
acetylation. Tomatidine(IB) can be readily acety- 
lated in the conventional manner (acetic anhy
dride-pyridine, room temperature) to give in good 
yields the desired diacetate IIB, whereas solas
odine (IA) under these conditiors is not com
pletely acetylated. Under more vigorous condi
tions normal diacetylation is accompanied by 
varying amounts of byproduct formation, VIA.16 
For example, if acetylation is conducted under the 
conditions of Briggs and O’Shea7 (eight moles acetic 
anhydride-pyridine, two hours boiling) and the re
sulting product chromatographed, a mixture of VIA 
is obtained in about20% yield in addition to the nor
mal 0,iV-diacetyl derivative IIA. After attempting 
acetylation by various methods (acetic anhydride- 
pyridine-sodium acetate-reflux; acetic anhvdride- 
pyridine-t riethylamine-reflux ; ketene), we found

(13) L. II. Briggs, B. P. Newbold, and N. E. Stace, J .  
( 'h e m . S o c ., 3 (1942).

(14) K. Schreiber, A b h a n d l.  D tsc h . A l a d .  IFis-.s. B e r l in ,  
K l.  f ü r  C h e m ., Geol. w . B io l . 1956, 143 (1957).

( 15) The chemistry and proof of structure of (his mixture 
will be published in a forthcoming publication.

EXPERIMENTAL20

A c e tic  a n h y d r id e  tre a tm e n t o f  so la so d in e  (IA) to give 2 6 -  
a c e ty la m in o - fu ro s ta -5 ,2 0 {2 2 )d ie n -3 6 -o l aceta te (III A) a n d  
a m o r p h o u s  m ix tu r e  VIA. A solution of 824 mg. of solasodine 
in 15 ml. of acetic anhydride was refluxed for 3 hr. The 
acetic anhydride was removed i n  vacuo  and the residue dis
solved in benzene and placed on an alumina column to stand 
overnight. Elution with benzene-ether (1:1) the following 
morning gave 546 mg (51%) of an amorphous substance 
(VIA), m.p. 98-102°, («]'2D° - 3 °  (CHCh); X™cl3 5.78 
(aeetoxy), 5.98, 6.07 g; X™H 236 mM (log e 3.95).

A n a l .  Calcd. for C33H19O5N: C, 73.43; H, 9.15; CHjCO,
23.9. Found: C, 73.31; H, 9.07; CH3CO, 24.3.

Elution with 0.5% methanol in ether yielded 398 mg. 
(40%) of the pseudo derivative, IIIA, which crystallized 
from acetone-hexane, m.p. 135-138°, identical in all respects 
with the substance obtained from the acetic acid catalyzed 
rearrangement of IIA. A small amount of a third component 
m.p. 175-178° (from acetone-hexane) evas eluted with 2% 
methanol in ether; its structure will be discussed in a forth
coming paper. There was no substantial difference in the com
position and yield when the reaction time of acetic anhy-

(16) Y. Sato, A. Katz, and E. Mosettig, J .  A m .  C lient. S o c ., 
73,880(1951),74,538(1952).

(17) To be described in a forthcoming publication.
(18) F. C. Uhle and J. A. Moore, J .  A m .  C h em . S o c ., 76, 

6412(1954).
(19) Schreiber (14) also proposes a C22 isomerism for 

dihydrosolasodine and tomatidine but the evidence is 
meager and inconclusive.

(20) Melting points were taken on the Roller block and 
are uncorrected. Microanalyses were performed by the 
Analytical Service Laboratory under the direction of Dr. 
William C. Alford. Whelm alumina, grade 1, was used in 
the chromatography.
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dride with solasodine was prolonged to 9 hr. Solasodine was 
also refluxed with propionic anhydride but the yields of the 
product as indicated by chromatography were not as good.

A c e tic  a n h y d r id e  tre a tm e n t o f  to in a tid in e  (IIB) to give 2 6 -  
a m in o d ia c e ty l-5 a - fu r o s t-2 0 (2 2 )e n -3 fi-o l  ace ta te  (VB), 2 6 -
a m in o a c e ly l-5 a - fu r o s t-2 0 (2 2 )e n -3 6 -o l ace ta te  (IIIB ) a n d  a m o r
p h o u s  m ix tu r e  VIB. Tomatidine (378 mg.) was refluxed with 
10 ml. of acetic anhydride for 3 hr. After the reaction mixture 
was worked up in the manner previously reported16 195 mg. 
(40%) of crude VB was recovered. The mother liquor was 
evaporated to dryness and the residue subjected to alumina 
chromatography. Upon elution with benzene-ether (1:1) 
115 mg. (23%) of an amorphous substance, m.p. 97-102°, 
VIB, [a]* 2D° +92.5° (CHC13), x r H 236 m,x (log * 3.92), 
km”cl15.78 y  (acetoxy), 5.99, 6.08 y  was obtained.

A n a l .  Calcd. for C33H5i0 5N: C, 73.16; H, 9.49; CH3CO,
23.9. Found: C, 72.90; H, 9.31; CH3CO, 25.5.

Elution with 0.5% methanol in ether yielded 145 mg. 
(32%) of IIIB , which after crystallization from acetone- 
hexane melted at 128-132°. This substance agreed in proper
ties with IIIB  obtained from the acetic acid catalyzed re
arrangement of IIB.

A c e ty la t io n  o f  so la so d in e  to g ive I I A  a n d  17.4. (a) (8 mole 
equiv. of acetic anhydride). A solution of solasodine (520 
mg.) 5 ml. of pyridine and 1 ml. of acetic anhydride was 
refluxed for 1 hr. and was poured on ice, followed by addi
tion of aqueous ammonia and sodium chloride. After 1 hr. 
the product was collected and chromatographed on alumina 
(Grade 1). The diacetate (IIA) wTas eluted with benzene- 
ether (1:1), yield 410 mg. (65%), m.p. 164-166°.

Fractions eluted with ether-methanol (1%) gave 228 mg. 
o: amorphous compound, which was rechromatographed on 
alumina (Grade II). Elution in this chromatography with 
benzene-ether (3:1) gave 136 mg. (20%) of VIA, identical 
in infrared spectrum with VIA obtained from the acetic 
anhydride treatment of solasodine. Further elution with 
ether-methanol ( 1 %) gave 6% of an unresolved mixture.

(b) (3.8 mole equiv. of acetic anhydride) A mixture of 
520 mg. of solasodine, 5 cc. of pyridine, and 0.46 ml. of 
acetic anhydride was refluxed for 1 hr. and the reaction 
mixture worked up as described above. Purification by 
chromatography on alumina or recrystallization from aque
ous methanol gave 575 mg. (92%) of diacetate IIA. A second 
crop raised the yield to 95%.

(c) The yields after acetylation of solasodine under vari
ous conditions are tabulated below:

Acetic
Anhydride-Pyridine Time

Diacetate Yield 
(after 

chroma
tography)

2.2 mole equiv.
2.7 mole equiv.
3.5 mole equiv. plus 

sodium acetate (3 
mole equiv.)

4 mole equiv. plus tri- 
ethylamine (ca . 4 
mole equiv.)

10 mole equiv.

6 mole equiv.

2 hr. (reflux)
2 hr. (reflux) 
1.7 hr. (reflux)

1 hr. (reflux)

15 hr. (room 
temp.)

15 hr. (5°)

55-60%
75%
85%

85%

30-40%

mostly 3-acetate

With excess ketene an unpromising looking mass was ob
tained which was not investigated further.

A c e ty la tio n  o f  T o m a tid in e  to  give IIB. A mixture of toma
tidine (505 mg), 8 ml. of pyridine and 2 ml. (ca . 8 mole 
equiv.) of acetic anhydride was allowed to stand overnight 
and poured on ice and aqueous ammonia. The precipitated 
diacetate was recrystallized from petroleum ether-ether, 
fine needles, m.p. 184-188°, yield 585 mg. (96%). After
recrystallization, the melting point rose to 190-192°.

A c e ty la t io n  o f  D ih y d r o so la so d in e  to g ive IIC. A solution of 
dihydrosolasodine (100 mg.) and 0.1 cc. (ca . 4 mole equiv.) 
of acetic anhydride in 2 ml. of pyridine was refluxed for 1 hr. 
and poured into ice water. The product was collected, dried 
and chromatographed over alumina. The fraction eluted 
with ether gave 109 mg. (92%) of diacetate, m.p. 180-183°.21 4

A solution of dihydrosolasodine (100 mg.) and 0.75 cc. 
(ca . 30 mole) of acetic anhydride in 2 ml. of pyridine was 
allowed to stand for 15 hr. The product was chromatographed 
over alumina. The fraction eluted with ether gave 70 mg. 
(58%) of impure diacetate, (m.p. 155-170°) as revealed 
by its infrared spectrum.

2 6 -A  c e ly la m in o -o  ,2 0 (2 2 ) - f iiro s ta d ien e -3 0 -o i ace ta te  (IIIA ). 
(a) To boiling acetic acid (10 ml.), 500 mg. of solasodine 
diacetatc (IIA) was added in small portions and refluxed 
further for 15 min. The solvent was evaporated i n  vacuo  
and the crystalline residue was recrystallized from acetone- 
hexane, m.p. 135-138°, [<*]2 6D° -2 3 °  (CHC13), X™ 011 * 2.90, 
2.98 y  (N—H); 5.78 y  (3-acetoxy); 5.89 y  (vinyl ether, 
nujol); 5.98, 6.60 y  (N—H acetyl). The product majr be 
chromatographed on an alumina column and eluted with 
0.5% methanol in ether. The yields range from 95-98%.

A n a l .  Calcd. for C„,Uiv04N : C, 74.81; H, 9.52. Found: 
C, 75.09; H, 9.36.

When propionic acid wras used in place of acetic acid, the 
result was about the same.

(b) A solution of 235 mg. of IIA, 3 ml. of acetic acid, and 
0.03 ml. of perchloric acid (60%) was allowed to stand at 
room temperature for 10 min., was poured on ice, and was 
partially neutralized with aqueous ammonia. The product 
was collected and dissolved in ether. After drying, the ether 
was evaporated and the residue was chromatographed on 
alumina.

From the fraction eluted with ether-methanol (0.5%) 171 
mg. (73%) of pseudo compound (IIIA), m.p. 135-138° was 
obtained. A subsequent fraction eluted with ether-methanol 
(5%) gave 52 mg. (23%) of a crystalline hydroxyl deriv
ative9 21 which melted rather unsharply at 144-152°.

When hydrochloric acid (36%) was substituted for per
chloric acid, the results were approximately the same.

2 6 -A m im a c e ty l-5 a -2 5 ij- fu r o s t-2 0 (2 2 ) -e n -3 f} -o l  aceta te  
(IIIB). Tomatidine diacetate (IIB) (322 mg.) was converted 
into IIIB, m.p. 125-129°, 309 mg. (96%) in the same man
ner [method (a) ] described above for IIIA. A sample recrys- 
tallized from acetone-hexane melted at 128-132°, [a |’j" 
+  1.5° (CHC13), X™C1> 2.89, 2.97 y  (N—H); 5.78 y  (3- 
acetoxy); 5.89 y  (vinyl ether, nujol); 5.99 6.59 y  (N—H- 
acetyl).

A n a l .  Calcd. for CmIDdOiN: C, 74.51; H, 9.88. Found: 
C, 74.66; H, 10.02.

2 6 -A ce lv la m in o -5 a -2 5 i> -fu ro s t-2 0 (2 2 )-en -3 t3 -o l aceta te
(HIC).

IIIC  was prepared in the manner [method (a)] of IIIA; 
IIC  (120 mg.) yielded 111 mg. (93%) of IIIC , after alumina 
chromatography and elution with ether-nr.ethanol (0.5%), 
m.p. 78-80°, H 2d° +22° (CHC13), X™ Ci3 ^-90, 2.98 y  
(N—H), 5.79 y  (3-acetoxy), 5.99, 6.60 y  (N—H-acetyl).

A n a l .  Calcd. for C31H.19O1N: C, 74.51; H, 9.88. Found: C, 
74.53: H, 10.09.

O x id a tio n  o f  I I I A  to  3 fi-a c e to x y p re g n a -5 ,1 6 -d ie n -2 0 -o n e  
(IVA). A solution of chromic anhydride (110 mg., 2 mole 
equiv. in 8 ml. of 80%, aqueous acetic acid) was added 
dropwise over a period of 15 min. to a stirred solution of 
IIIA  (280 mg.) in 10 ml. of acetic acid while cooling (15°). 
After the addition of the oxidant, the solution was stirred 
for 1 hr. a t room temperature. Water (ca . 5C ml.) and a small 
amount of sodium sulfite were added. The mixture was 
saturated with sodium chloride and extracted with ether 
thoroughly. The combined ether extractions were dried 
over anhydrous sodium sulfate and the solvent (ether) was 
removed. The residue was dissolved in 25 ml. of acetic acid 
and refluxed for 2 hr. After removal of the acetic acid and

(21) Reported (7) m.p. 186-187°.
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dilution with water, it was neutralized with sodium bicar
bonate and extracted with ether. The ether layer was washed 
with sodium bicarbonate solution and water, and dried over 
anhydrous sodium sulfate. The residue (215 mg.) after re
moval of the solvent was recrystallized from methanol- 
water or chromatographed over alumina (ether eluate) 
and gave 152 mg. (76%) of IVA, m.p. 169-173°, analytical 
sample, m.p. 173-175.5°, [a]1 2D° -35° (CHC13), C f  239 
mu (log e 4.0), identical in all respects with an authentic 
specimen.

Anal. Calcd. for C23H32O3: C, 77.49; H, 9.05. Found: C, 
77.45; H, 9.11.

In a continuous operation from solasodine (IA) (1 g.) 
using 3.8 mole equiv. of acetic anhydride for the acetylation 
and without purification or isolation of the intermediates, 
an over-all yield of 65% of IVA, m.p. 169-173° was ob
tained.

A small amount of the lactone and a second component 
presumably the 3,5-diene were often detected by infrared 
spectra in these oxidations.

Oxidation of III B to 8f3-acetoxy-5a-pregn-16-en-20-one(IVh). 
A solution of chromic anhydride (146 mg., 2 mole equiv.) in 
10 ml. of 80% aqueous acetic acid was added over a period 
of 15 min. to a stirred solution of 365 mg. of IIIB in 16 ml. 
of acetic acid while cooling (10-20°). After stirring for 1 hr. 
at room temperature, the reaction mixture was worked up as 
described above for IVA and 285 mg. of oxidation product 
was obtained. Purification of the crude product by recrys
tallization from methanol-water or chromatography on 
alumina gave 206 mg. (79%) of IVB, m.p. 163-166°, 
analytical sample m.p. 165-167°, [q:]2d +42° (CHCI3 ),

Xm.°n 239 m̂ t (log e 3.98). It agreed in all properties with 
an authentic sample.

Anal. Calcd. for C23H 34O3 : C, 77.05; H, 9.56. Found: C, 
77.32; H, 9.58.

In a continuous operation from tomatidine (IB), analo
gous to solasodine, an over-all yield of 68% of IVB was ob
tained.

Oxidation of IIIC to 3j3-aceloxy-Sa-pregn-16-en-W-one 
(IVB). A solution of chromic anhydride (90 mg., 2 mole 
equiv.) in 7 ml. of 80% aqueous acetic acid was added over 
a period of 15 min. to a stirred solution of IIIC (230 mg.) 
in 8 ml. of acetic acid while cooling. After stirring for 1 hr. 
the reaction mixture was worked up in a manner similar 
to that described above for IVA. The crude product (188 
mg.) was chromatographed over alumina; the fraction 
eluted with ether gave 123 mg. (75%) of IVB, m.p. 163— 
166°, identical in all respects with an authentic specimen.

Solasodine (IA) from VIA. A solution of 100 mg. of VIA 
in 20 cc. of 10% methanolic potassium hydroxide was re
fluxed for 12 hr. After partial concentration of the volume 
and addition of water, the product was collected and dried. 
Upon crystallization from aqueous methanol or chroma
tography over alumina (Grade II eluted with 2% methanol 
in ether), 61 mg. (80%) of IA, m.p. 199-202°, was obtained, 
identical in every respect with an authentic specimen of 
solasodine.

Tomatidine (IB) from VIB. Tomatidine was obtained 
from VIB in the same manner as described above for 
solasodine.

Bethesda 14, M d.

[Contribution from the National Institute of Arthritis and M etabolic Diseases, National Institutes of Health, 
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The chemistry and the manifold interrelationship of the acetylated tetrahydropyridyl pregnenes and the diacetylamino-
furostadiene derivative obtained in the treatment of

The reaction of solasodine (I) with acetic an
hydride3 (three hours boiling) leads to the forma
tion of a gummy resinous mass which is presumably 
a mixture of 26-aminodiacetyl-5,20(22)-furostadien- 
3d-ol acetate4 * (III), A22(23) tetrahydropyridyl- 
pregnene derivative IIA and the probable isomeric 
A2“(22> piperidylpregnene derivative IIB. Upon

(1) Part I, Y. Sato, N. Ikekawa, and E. Mosettig, J . Org. 
Chem., 25, 783 (1960).

(2) Visiting Scientist, National Institutes of Health.
(3) Y. Sato, H. G. Latham, Jr., and E. Mosettig, J. Org. 

Chem., 22, 1496 (1957).
(4) Cf. Y. Sato, A. Katz, and E. Mosettig, J. Am. Chem.

Soc.., 74, 538 (1952). Compound III has never been directly
isolated from the reaction mixture. I t  is assumed that the 
reaction proceeds in the same manner as with tomatidine 
where the corresponding 20-aminodiacetyl derivative can 
be directly crystallized from the reaction mixture. The 
chemistry of these related tomatidine derivatives will be 
discussed in a forthcoming publication.

3 with acetic anhydride are discussed.

chromatography3 of this mixture on alumina, III is 
readily deacetylated and emerges from the column 
as 26-acetylamino-5,20(22)-furostadien-3/3-ol ace
tate (Via). It can be reconverted to the original 
hitherto unisolated crystalline aminodiacetyl deriv
ative III by treatment with acetic anhydride 
and pyridine. The degradation of Via to 3/3- 
acetoxy-5,16-pregnadien-20-one has been described 
in the foregoing paper.1 Compounds IIA and IIB, 
which are eluted from the column as an amorphous 
mixture, are assigned their structures from con
siderations of spectroscopic and chemical data. 
The mixture exhibits an ultraviolet absorption 
band at 2.36 myu (log e, 3.95) consistent with the 
assignment of an «,/3-unsaturated acetylamino 
function.6-6 The infrared spectrum reveals the

(5) G. Rosenkrantz, 0. Mancera, F. Sondheimer, and 
C. Djcrassi, J. Org. Chem., 21, 520 (1956).
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2  R = H 

2b R=Ac

presence of an ester (5.78 m) and a probable un- 
saturated tertiary amide (5.98, 6.07 ¡i) group.6 
Hydrolysis of this mixture with hydrochloric acid 
in acetic acid proceeds readily to yield the acetyl- 
amino ketone IV in good yields. The ease of hy
drolysis of A2-tetrahydropyridines is well known.7 
Another component in varying amounts (3-10%), 
along with the mixture of IIA and IIB and pure 
Via, has been obtained from this chromatography.1 
It has been identified as IV and therefore consid
ered as arising primarily from the mixture IIA 
and IIB as the result of hydrolysis taking place in 
the alumina column. A small amount of IV may 
have been present originally as a very rapid chro
matography yields about 3% of IV. Compound IV 
displays the following absorption bands: A ^ 01'
2.94 » (N-H), 5.80 ju (OAc and CO), 6.0, 6.62 n 
(HN-Ac), X£* 5.75 n (OAc), 5.83 „ (CO); \ ™ H 
286 m/i (log e, 1.85) and behaves chemically as ex
pected. When IV is subjected to hydrolysis 
with methanolic alkali, hemiketal formation be
tween the C-16 hydroxyl and C-22 carbonyl takes 
place and the compound, 26-acetylamino-3/3,22- 
dihydroxy-5-furostene (V) is obtained. Hemi- 
ketalization of this type has been observed in the 
reduction of 5,6-dihydrokryptogenin diacetate8 
with Raney nickel. The 3-acetate of diol V (Va) 
has also been prepared by treating solasodine di
acetate with hydrochloric acid in dioxane.9 When 
V is refluxed briefly with acetic acid, it is converted

(6) R. Griot and T. Wagner-Jauregg, Helv. chim. Acta, 
42, 121, 605 (1959).

(7) A. Lipp, Ann., 289, 173 (1896); A. Lipp and E. Widn- 
mann, Ber., 38, 2471 (1905).

(8) H. Hirschmann and F. B. Hirschmann, Tetrahedron, 
3, 243 (1958).

(9) Y. Sato and N. Ikekawa, J. Org. Chem., Part III.

into the pseudo derivative, 26-acetylamino-5,20-
(22)-furostadien-3/3-ol (VI), which is identical with 
the 3-alcohol of pseudodiacetylsolasodine (Via) 
obtained from 0,Ar-diacetylsolasodine.‘

Further support for structures IIA and IIB has 
been derived from the synthesis of the crystalline 
compound IIA (m.p. 166-169°) through another 
route, i.e., by allowing pesudosolasodine B8 (X) 
to stand at room temperature with acetic anhy
dride in the presence of pyridine. The original mix
ture, when seeded with IIA thus obtained, yielded 
a fair amount of crystalline IIA. The samples from 
these two sources were identical in all respects and 
gave identical transformation products (I, IIA1, 
and IV). The A20(22>-isomer10 has not been obtained 
as yet in crystalline form.

Although the above data do not preclude the 
alternate A20(22> position for the site of unsatura
tion in IIA, the A2-tetrahydropyridine structure is 
favored and is provisionally assigned to IIA on the 
basis of the recognized greater stability of the endo- 
cyclic double bond as compared with an exocyclic 
bond.11 Chromic acid oxidation of IIA and IIB in 
aqueous 80% acetic acid did not permit a decision 
between IIA and IIB, as both pregnadienolone 
(3/?-acetoxy-5,16-pregnadien-20-one) and the lac
tone, 3/3-acetoxy-16j8-hydroxy-5-bisnorcholenic 22-+
16-lactone (VII) were obtained from the amor
phous mixture as well as from pure IIA. It is of 
interest to note that oxidation of IIA conducted 
under anhydrous conditions (sodium dichromate- 
benzene-acetic acid) yielded no identifiable product. 
Thus in aqueous media hydrolysis to the ketone 
precedes oxidation.

The catalytic reduction and subsequent alkaline 
hydrolysis of the amorphous mixture, IIA and IIB 
yields tetrahydrosolasodine identical with an au
thentic specimen prepared from the direct catalytic 
reduction of solasodine. Of some interest in this 
reduction is the resinous nature of the triacetyl- 
tetrahydrosolasodine12 (IX) as compared with the

(10) The fact that the hydrolysis of the amorphous 
mixture yields IV in high yields and the good agreement of 
the elemental analysis1 with formulas IIA and IIB point 
strongly to a mixture of isomers. The ultraviolet absorption 
band and extinction coefficient of the oil remaining after 
removal of IIA do not differ appreciably from the original 
mixture. Although the infrared spectra are practically 
identical some subtle differences, notably in the C—H 
stretching and deformation vibration regions are observed. 
Differences in the respective specific rotations are more pro
nounced ( —3° to —36°). Attempts at obtaining homo
geneous IIA by acid catalyzed isomerization of the amor
phous mixture failed. IIA is also stable in boiling acetic 
anhydride. Thus IIA and IIB are not in equilibrium.

(11) R. B. Turner and R. H. Garner, J. Am. Chem. Soc., 
80, 1424 (1958).

(12) This is probably due to contamination by the C-22 
epimer arising from the reduction of the mixture IIA and 
IIB. The reduction of solasodine to tetrahydrosolasodine
(VIII) probably proceeds stereospecificallv because of the 
rigid spatial configuration of the spiroaminoketal side chain.
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crystalline triacetyl derivative13 prepared from I 
via VIII.

Finally it is of interest to note that the treatment 
of IIA or the amorphous mixture with acetic acid 
or with hydrogen chloride gas in ether-benzene solu
tion affords pseudosolasodine B (X).

E X P E R IM E N T A L 14

36,166-F)iacetoxy-20-(2' -A-' -N -acelyl-5'-methyltetrahydro- 
pyridyl)-5-pregnene (IIA) and the 3-alcohol (IIA1) from IIA 
and the amorphous mixture. The preparation and properties 
of the original amorphous substance are described in Part I 
of this series. The crystalline compound (IIA) was prepared 
in the following manner. A solution of 150 mg. of pseudosola- 
sodine B3 (X) in 5 ml. of pyridine and 2 ml. of acetic anhy
dride was allowed to stand for 20 hr. at room temperature. It 
was then poured on ice water and extracted with ether. The 
residue from the ethereal extract was chromatographed on 
alumina. Elution with ether yielded 127 mg. of the un
saturated triacetyl derivative, m.p. 166-169° (ether- 
hexane); [aId* +97° (CHG13); A™S0H 236 myu (log e, 3.93).

Anal. Calcd. for C33H49O5N: C, 73.43; H, 9.15. Found: 
O, 73.10; H, 9.24.

When the amorphous mixture IIA and IIB (130 mg.) 
dissolved in ether-hexane was seeded with crystalline IIA 
thus obtained, it afforded 82 mg. of a crystalline substance 
(heavy columns, m.p. 120-150°) which when twice recrystal
lized from the same solvent melted at 165-168° (22 mg.). 
This agreed in every respect (melting point, mixture melting 
point, rotation and infrared spectrum) with IIA obtained 
from X.

The mother liquor yielded an amorphous matter, [a]2D 
— 36° (CHCI3), x2“‘ou 236 nia (log e. 3.94) which exhibited 
infrared spectra bands similar to but not identical with
IIA.

The 3-alcohol IIA1, of amorphous IIA and IIB was pre
pared by hydrolysis with 2% methanolic potassium hy
droxide (30 min. refluxing). The product was chromato
graphed over alumina and the substance was eluted with 
ether-methanol (().5Vc) collected as the 3-hydroxy compound, 
m.p. 192-196° (acetone-hexane), [a]2n +107° (CHC13), 
\™C13 2.77, 2.90 y (hydroxyl); 5.78 y (acetoxyl); 5.98, 6.08 M 
(unsaturated tertiary amide).

Anal. Calcd. for CajH^CbN: C, 74.95; H, 9.34. Found: 
C, 74.66; H, 9.31.

The mild alkaline hydrolysis of IIA in the above manner 
yielded IIA1 identical with IIA1 from amorphous IIA and
IIB.

On the other hand the vigorous alkaline hydrolysis of IIA 
(10% potassium hydroxide in methanol for 12 hr.) produced 
the starting material solasodine (I) as in the ease of amor
phous mixture.1

36,163-Diacetoxy-26-acetylamino-5-cholesten-22-one (IV). A 
solution of 285 mg. of the amorphous mixture of IIA and 
IIB, 8 ml. of acetic acid, and 1.5 ml. of 4AT hydrochloric acid 
was allowed to stand at room temperature for 45 min. After 
addition of excess water and partial neutralization with 
sodium bicarbonate solution, the precipitate was collected, 
dried, and crystallized from acetone-hexane. The compound 
(plates, 220 mg.) melted 168-171°. An analytical sample

(13) L. H. Briggs and T. O’Shea. .7. Chem. Soc.., 1654
(1952).

(14) Melting points were taken on the Kofler block and 
are uncorrected. Micro analyses were performed by the 
Institute’s Analytical Service Laboratory under the direc
tion of Dr. W. C. Alford. The infrared spectra were taken on 
the Model 21 Perkin Elmer Infrared Spectrometer by 
Messrs. II. K. Miller and R. T. Brown. Neutral Woelm 
alumina, grade 1, was used in the chromatography, unless 
otherwise noted.

recrystallized from the same solvent pair melted 175-178°, 
[altC +9° (CHCh) and possessed the infrared and ultra
violet spectra bands as described in the text. An attempt to 
form the oxime with hydroxylamine hydrochloride in the 
presence of potassium acetate in methanol failed.

Anal. Calcd. for C23HMOsN: C, 71.06; H, 9.22; X, 2.51. 
Found: C, 70.94; H, 8.96; N, 2.59.

IIA also yielded IV when hydrolyzed in the same manner 
with the above reagents. When IV thus obtained was com
pared with the sample, m.p. 175-178°, obtained from the 
chromatography (ether-2% methanol eluate) of the reaction 
mixture1 of solasodine with acetic anhydride, it agreed in 
properties (melting point and infrared spectrum) with the 
latter.

26-Acelylamino-5-}urostene-30,22-diol (V). One hundred 
milligrams of the 22-oxo derivative IV was dissolved in 10 
ml. of 2% methanolic potassium hydroxide and refluxed for
1.5 hr. After removal of the methanol in vacuo, water was 
added to the residue and the compound taken up in chloro
form. The substance recovered from the chloroform phase 
was crystallized from acetone-hexane, m.p. 119-122°, [<*]2d 
- 55° (CHCh), X™cl! 2.78, 2.90 M (OH, NH), 5.99, 6.58 u 
(HNAc).

Anal. Calcd. for CmHuCLN: C, 73.52; H, 10.00. Found: 
C, 73.78; H, 10.22.

The acetate Va of the above diol V prepared in the usual 
manner (acetic anhydride-pyridine-room temperature, 15 
hr.) and chromatographed on alumina (elution with 3% 
methanol in ether) yielded plates (aqueous acetone) m.p. 
152-155°; X™cl3 2.81/1 (OH); 2.92 y (X—H); 5.80 y  (OAc);
6.00, 6.63 y (HNAc). Its spectrum agreed with that of the 
substance obtained from the treatment of diacetylsolasodine 
with 2N  hydrochloric acid in dioxane.9

26-Acetylamino-S ,20{22)-furostadien-3P-ol (VI). The diol 
V (40 mg.) was refluxed with 3 ml. of acetic acid for 30 min. 
The acid was removed in vacuo and the residue crystallized 
from acetone-hexar.e. It melted at 185-190°.

Anal. Calcd. for C29H45O3N: C, 76.44; H, 9.95. Found: 
C, 76.29; II, 10.01.

VI from 26-acetylamino-5,20(22)-furostadien-8/3-ol acetate 
(Via). The diacetylpseudo derivative Via1 (50 mg.) was 
refluxed with 5 ml. of 2% methanolic potassium hydroxide 
for 1 hr. and the solvent was removed. After the addition 
of water, it was extracted with methylene chloride. The sol
vent was then removed and the residue crystallized from 
acetone-hexane. The compound, [«]2d —27.3° (CHC13), 
melted at 186-190°. It was identical in respect to melting 
point and infrared spectrum with VI obtained from the 
treatment of V with acetic acid.

26-Amiru>diacetyl-5,20(22)-furostadien-3fl-ol acetate (III) 
from Via. 0,A'-Diacetylpseudosolasodine (Via, 80 mg.) was 
dissolved in pyridine (1 ml.) and acetic anhydride (1 ml.) 
and refluxed for 3 hr. The reaction product was poured on 
ice water and collected. The compound, twice crystallized 
from aqueous methanol (plates), melted at 89-90°, [a]2!? 
-23° (CHCh), X™“°" 218 (log e, 4.09), 5 .75 , 8.06 y
(3-0Ac); 5.86 y (N—Ac2), 5.97 y (C =C —O—).

Anal. Calcd. for C33H490 6N: C, 73.43; H, 9.15. Found: 
C, 73.23, H, 9.28.

3$-Acetoxy-16f3-hydroxy-5-bisnorcholenic 22 —► 16-lactone
(VII). A solution of chromic acid (300 mg. chromium tri
oxide in 15 ml. 80% acetic acid) was added dropwise to a 
solution (15 ml. acetic acid) containing 350 mg. of amorphous 
IIA and IIB while stirring. After the addition of the oxidant, 
the stirring was continued for another 2 hr. Water and a 
small amount of sodium sulfite were then added and the 
mixture extracted with ether. The residue recovered from 
the ether extract was refluxed with ethanolic potassium 
hydroxide (3%) for 2 hr. and the solvent was removed. 
Water was added to the residue and the mixture was ex 
traded with ether. The ether soluble fraction, after acetyla
tion in the conventional manner, yielded 41 mg. of a neutral 
fraction which was subjected to chromatography on alumina.
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From the benzene eluate, 17 mg. of impure 3/3-acetoxy-5,16- 
pregnadien-20-one were obtained, which yielded 6 mg. of the 
pure specimen. The aqueous layer from the ether extract was 
acidified with hydrochloric acid and reextracted with ether. 
This after acetylation yielded 143 mg. of crude lactonie 
material which was chromatographed on acidic alumina. 
From the ether eluate, 30 mg. of lactone VII, m.p. 212- 
215° (from acetone-hexane), was obtained, which was 
identical (melting point, mixture melting point, infrared 
spectrum) with an authentic specimen prepared from 
another source.9

Tetrahydrosolasodine (VIII) from amorphous mixture. The 
amorphous mixture (177 mg.) was dissolved in 6 ml. of acetic 
acid and reduced catalytically with 94 mg. of platinum 
oxide. In about 30 min. the consumption (2 moles) of hydro
gen ceased. Although the tetrahydro derivative was chro
matographed, it refused to crystallize,12 [a]2D° +24° (CHCI3 ).

A part of the triacetate (64 mg.) was therefore hydrolyzed 
in methanolic potassium hydroxide (10%) for 3 hr. and the 
product crystallized from aqueous methanol. I t  formed 
prisms, m.p. 288-292°, [a]2D° —8.7° (CHCI3), identical in 
respect to melting point and infrared spectrum with an 
authentic specimen of tetrahydrosolasodine obtained from 
the direct reduction of solasodine.15 1

Conversion of IIA and the amorphous mixture into pseudo- 
solasodine B (X). (a) The amorphous mixture (225 mg.) was 
refluxed with 15 ml. of acetic acid for 3 hr. The acetic acid 
was removed in vacuo and the residue chromatographed on 
alumina. The fraction eluted with ether (175 mg.) crystal
lized from methanol as plates, m.p. 184-191°, and agreed 
in properties (melting point and infrared spectrum) with an 
authentic specimen3 prepared from the interaction of a solu
tion of zinc chloride-acetic anhydride-acetic acid with 
solasodine.

Anal. Calcd. for C31H 47O4N: C, 74.81; H, 9.52. Found: 
C, 74.58; H, 9.43.

The treatment of IIA in the same manner also gave X in 
good yields.

(b) A solution of 130 mg. of amorphous IIA and IIB in 
20 ml. of benzene-ether (1: 1) containing hydrogen chloride 
gas (slow bubbling for ca. 5 min.) was allowed to stand over
night at 5°. The product was chromatographed on alumina. 
The ether eluate (45 mg.) proved to be X.

Bethesda 14, M d.

(15) H. Rochelmeyer, Arch. Pharm., 277, 329 (1939).

[Contribution from the National Institute of Arthritis and Metabolic D iseases, National Institutes of Health, 
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The isomerization of 0,iV-diacetylsolasodine in nonpolar media forms the pseudo derivative, 26-acetylamino-5,20(22)- 
furostadien-3/3-ol acetate in good yields. Aqueous or alcoholic acidic media promote the formation of C-22 substituted
26-acetylaminofurostene derivatives. The chemistry of the 22-

In the course of our investigations of the acid- 
catalyzed isomerization of the diacetates of the 
steroidal alkaloids, tomatidine, and solasodine1 
several interesting new compounds were obtained 
from the treatment of these diacetyl derivatives 
with mineral acid in polar solvents. In the presence 
of aqueous hydrochloric acid in dioxane3 diacetyl- 
solasodine (I) yields, along with the known pseudo 
compound II,1 the 22-hydroxyl derivative III. 
This structure was deduced from the proposed 
course of the pseudomerization reaction (VIII—*■ 
IX-»-X) and confirmed by spectroscopic and chemi
cal data.

The infrared spectrum of III is characterized by 
the appearance of a hydroxyl absorption (2.78 p) 
in addition to to the normal acetoxy (5.78 n) 
and secondary amide function (2.90, 5.98, 6.60 p). 
As would be expected III is readily converted into 
the pseudo derivative II by treatment with acetic

(1) For Part I and II see J. Org. Chem., 25, 783 (1960).
(2) Visiting Scientist, National Institutes of Health.
(3) Hydrochloric or perchloric acid (60%) in acetic acid

also acts similarly.1

-hemiketal and alkoxyketals is discussed.

acid. Structure III is further supported by the pre
ponderant formation of the C-22 methoxy deriva
tive IV when methanol is used as solvent in place of 
dioxane in its preparation from diacetylsolasodine. 
When ethanol is employed in place of methanol, 
the ethoxy derivative V is obtained, which can be 
converted to the methoxyl compound IV by allow
ing it to stand in a solution of methanol and acetic 
acid. The process is easily reversed (IV—»-V) 
by employing ethanol and acetic acid. By mild 
treatment with 80% acetic acid, these alkoxy de
rivatives IV and V are transformed into the hy
droxyl compound III which, in turn, is readily 
reconverted into IV or V with acetic acid and the 
appropriate alcohol. More vigorous treatment with 
acetic acid converts compounds IV and V directly 
into II. This series of transformations parallels the 
sequence of reactions which Hirschman and Hirsch
man have found for the C-22 ketals obtained from 
kryptogenin.4 * 243

(4) H. Hirschman and F. B. Hirschman, Tetrahedron, 3
243 (1958).



790 SATO AND IK EK A W A VOL. 25

Y ir r  ik  x

During the earlier phase of this work, before 
alkoxylation at C-22 was suspected, oxidative 
degradation of compounds IV and V were at
tempted. The principal substance isolated in these 
experiments was the lactone VI, accompanied 
by a small amount of 5,16-pregnadienolone acetate. 
The identity of VI was established by its reduction 
to the known tigogenin lactone (Via).5 6 It was 
also found that the C-22 alkoxy substituent can 
be reductively removed (platinum oxide-acetic 
acid) whereby 26-acetylamino-5a-furostan-3/3-ol 
acetate (VII) is formed, which had been previously 
prepared from the catalytic reduction6 of 0,N- 
diacetylsolasodine.

As would be expected, in the absence of nucleo
philes under anhydrous conditions the formation 
of these C-22 substituted by-products is avoided. 
For example 0,A-diacetylsolasodine (I) is con
verted in good yields to the pseudo compound II 
(ca. 90%) in an anhydrous media (e.g., methylene 
chloride) with hydrogen chloride. Treatment of 
I with pyridine hydrochloride in dry pyridine 
also affords II in high yields (95%).

E X P E R IM E N T A L 7

26-Aminoacetyl-25'D-furost-5-m-Sf},22-dioi 8-acetate (III). A 
solution of solasodine diacetate (I) (105 mg.), 2AT hydro

(5) R. Tschesche and A. Hagedorn, Ber., 68, 1412 
(1935).

(6) Y. Sato and H. G. Latham, Jr., J. Am. Chem. Soc., 
78, 3150 (1956).

(7) Melting points were taken on the Kofler block and 
are uncorrected. Microanalyses were performed by the 
Institute’s Analytical Service Laboratory under the direc
tion of Dr. W. C. Alford. The infrared spectra were taken 
on the Model 21 Perkin Elmer Infrared Spectrometer by 
Messrs. H. K. Miller and R. T. Brown of this laboratory. 
Woelm alumina grade 1 was used as adsorbent for chro
matography unless otherwise stated.

chloric acid (0.5 ml.), and dioxane (6 ml.) was allowed to 
stand at room temperature for 30 min. Water and ammonium 
hydroxide were then added and the recovered product sub
jected to chromatography on alumina. The ether-methanol 
(0.2%) eluate yielded 66 mg. (63%) of pseudosolasodine di
acetate (II), m.p. 128-134°, which upon recrystallization 
from acetone-hexane molted at 135-138°. It was identical 
(melting point, mixture melting point, infrared spectrum) 
with an authentic sample of II obtained previously.1

The fraction eluted with ether-methanol (5%) gave 27 
mg. (26%) of the C-22 hydroxy derivative III, melting at 
152-155° (plates from aqueous acetone) [a]2D° —52°
(CHC13). Its principal infrared absorption bands (CHC1;!) 
were located at 2.78 y  (OH), 2.90 ¡x (NH), 5.78 y  (OAc), and 
5.98, 6.60 n (HN—Ac).

Anal. Calcd. for C31H4 9 O5N: C, 72.19; H, 9.58. Found: 
C, 72.17; H, 9.58.

Solasodine diacetate (I) in acetic acid with hydrochloric 
or perchloric acid (60%) also affords II and III.1

26-Aminoacetyl-22-methoxy-25'D-furost-5-en-3t3-ol acetate
(IV). To 300 mg. of 0,iV-diacetylsolasodine dissolved in 10 
ml. of methanol was added 0.2 ml. of 6A7 hydrochloric acid 
and the solution allowed to stand for 15 min. at room tem
perature. Water and cone, ammonium hydroxide (0.5 ml.) 
were added and the precipitate chromatographed on alumina. 
The fraction eluted with ether-methanol (0.5%) yielded 
270 mg. (85%) of the methoxy derivative, plates, (aqueous 
methanol) m.p. 141-144°; [Q]\° -82° (CHC13).

Anal. Calcd. for C32H61OsN: C, 72.55; H, 9.70; CH30 —, 
5.85. Found: C, 72.21; H, 9.81; CH30 —, 5.65.

A fraction subsequently eluted with ether-methanol (3%) 
afforded 36 mg. (ca. 11%) of a mixture of the 3-alcohol and 
th.. C-22 hydroxy compound as judged from its infrared 
spectrum.

26-Aminoacetyl-22-ethoxy-25n-farost-5-en-Sl3-ol acetate (V). 
A solution consisting of solasodine diacetate (500 mg.), 6N 
hydrochloric acid (0.4 ml.), and ethanol (15 ml.) was allowed 
to stand for 1 hr. at room temperature and then for 1 hr. in 
the refrigerator (0°). The fine crystals which had precipi
tated amounted to 326 mg. (61%) and melted at 160-164°. 
This was recrystallized from acetone-hexane to form plates, 
m.p. 166-171°, [«]2d° -75° (CHC13).

Anal. Calcd. for ChHmOsN: C, 72.89; H, 9.82; EtO—, 
8.28. Found: C, 72.88; H, 9.54; EtO—, 8.43.

To the mother liquor was added water and ammonia 
water and the precipitated product subjected to chromatog
raphy on alumina. The ether-methanol (0.5%) eluate 
yielded 70 mg. (14%) of starting material and 18 mg. (3%) 
more of the ethoxy derivative. A subsequent fraction (5% 
methanol in ether) gave 74 mg. (15%) of the C-22 hydroxy 
compound, m.p. 152-155°, identical in infrared spectrum 
with III obtained from the treatment of diacetylsolasodine 
with hydrochloric acid in dioxane.

Conversion of V into IV. Twenty milligrams of the ethoxy 
derivative V was dissolved in 2 ml. of methanol and 0.5 ml. 
of acetic acid and allowed to stand for 3 hr. at room tem
perature. The product which was crystallized twice from 
aqueous methanol melted at 140-143°. I t  was identical 
(melting point, infrared spectrum) with a sample of IV 
obtained directly from I.

Conversion of IV into V. The methoxy derivative IV (23 
mg.) was allowed to stand for 5 hr. at room temperature in 
a mixture of ethanol (3 ml.) and acetic acid (0.6 ml.). The 
product, twice crystallized from acetone-hexane, melted at 
164-169°. The substance agreed (melting point, infrared 
spectrum) with a sample of V prepared directly from I.

Conversion of IV to III. The methoxy compound IV (70 
mg.) was dissolved in a solution consisting of 4 ml. of acetic 
acid and 0.8 ml. of water. After standing at room tempera
ture for 2 hr. ether was added and the solution washed 
thoroughly with a dilute sodium bicarbonate solution. The 
residue, after removal of the ether, was either crystallized 
from aqueous acetone or chromatographed on alumina. The 
substance obtained from the ether-methanol (2%) eluate
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crystallized as plates from aqueous acetone and melted at 
1.32-155°. I t  proved to be identical (melting point, mixture 
melting point, infrared spectrum) with III.

Conversion of V to III. The ethoxy derivative V (95 mg.) 
was dissolved in 6 ml. of aqueous acetic acid (80%) and 
treated in the same manner as described above for con
version of IV to III. The properties of the compound (melt
ing point, infrared spectrum) agreed with an authentic 
sample of III.

Conversion of III into IV. I l l  (14 mg.) was dissolved in a 
mixture of 1.5 ml. of methanol and 0.3 ml. of acetic acid 
and allowed to stand for 10 min. It was taken up in ether and 
the ethereal solution washed thoroughly with water, 5% 
sodium bicarbonate solution, and again water. The residue 
from the ether extract crystallized from aqueous acetone to 
yield plates melting at 140-143°. It was identical (melting 
point, mixture melting point, infrared spectrum) with IV 
obtained directly from the treatment of 0,V-diacetyl- 
solasodine with hydrochloric acid in methanol.

Conversion of III into V. I l l  (18 mg.) was dissolved in a 
mixture of 1.5 ml. of ethanol and 0.3 ml. of acetic acid and 
was allowed to stand for 10 min. The product was crystal
lized from acetone-hexane and melted at 165-170°. It agreed 
in properties (melting point, rotation, infrared spectrum) 
with an authentic specimen of V prepared from I with 
hydrochloric acid in ethanol.

Conversion of V, IV and III to II. Fifty milligrams of the 
ethoxy derivative V was refluxed with 4 ml. of glacial acetic 
acid for 0.5 hr. After removal of the solvent in vacuo the 
residue was crystallized from acetone-hexane, m.p. 134- 
136°. I t was identical in respect to melting point and 
infrared spectrum with an authentic specimen of II.

In a similar manner IV and III respectively were con
verted to II.

Oxidation of IV and V to 3i3-acetoxy-16@-hydroxy-5-bisnor- 
cholenic 23 —*■ 16-lactone (VI). To a solution of IV (250 mg.) 
in 12 ml. of acetic acid there was added dropwise with 
stirring a solution of chromium trioxide (250 mg.) in 3 ml. 
of acetic acid (90%). The stirring was continued for l 2/ 3 
hr. and the solution poured into ice water and extracted 
with ether. After the ethereal extract had been washed 
with water, 5% sodium bicarbonate solution, and again with 
water, the solvent was removed. The residue was refluxed 
with 10 ml. of methanolic potassium hydroxide (2%) for 
40 min. partially concentrated, water added, and extracted 
with ether. The ethereal extract yielded 28 mg. of a neutral 
substance which was acetylated in the usual manner with 
acetic anhydride and pyridine. When this was chromato
graphed on alumina, the ether eluate yielded 8 mg. of a com
pound which was identified as slightly impure 5,16-pregna- 
dien-20-one-3/3-acetate from its infrared spectrum. The 
residual aqueous layer was acidified with hydrochloric acid 
and re-extracted with methylene chloride. Upon removal of

the solvent, 62 mg. of an acidic substance was obtained. 
After acetylation with acetic anhydride and pyridine, the 
crude acetate was chromatographed on acid alumina. The 
ether eluate yielded 16 mg. (9%) of lactone, VI, m.p. 212- 
215° (acetone-hexane) [a]2D —90° (CHCI3), 5.62
(lactone), 5.76 y (acetate).

Anal. Calcd. for C24H340 4: C, 74.57; H, 8.87. Found: 
C, 74.73; H, 9.02.

Oxidation of V in the same manner yielded the same 
lactone VI.

Reduction of VI to the acetate of tigogenin lactone (Via). 
The unsaturated lactone VI (21 mg.) was dissolved in 3 ml. 
of glacial acetic acid and reduced in the presence of 50 mg. 
of 10% palladium-charcoal. With the consumption of 1 
mole equivalent of hydrogen, the uptake ceased. The com
pound crystallized from acetone-hexane and melted at 210- 
213°. Its melting point, rotation, and infrared spectrum 
agreed with an authentic specimen of 3-acetate of tigogenin 
lactone.5

Hydrogenation of the ethoxy derivative V to N-acetylletra- 
hydrosolasodine ccetate (VII). The ethoxy compound V (100 
mg.) was dissolved in 4 ml. of glacial acetic acid and hydro
genated in the presence of 49 mg. of Adams catalyst. The 
uptake of hydrogen (2 mole equivalents) was rapid and 
ended in 20 min. The product was chromatographed on 
alumina. The ether-methanol (1%) eluate yielded needles, 
m.p. 139-141°, [«]2d° - 3 °  (CHCb). The melting point, 
and infrared spectrum of this substance were in agreement 
with A’-acetyltetrahydrosolasodine-3-acetate6 obtained 
directly from the catalytic reduction of OjV-diacetylsolaso- 
dine.

Anal. Calcd. for C3iHSi0 4N: C, 74.21; H, 10.25. Found: 
C, 74.41; H, 10.C2.

Isomerization of I to II. (a) To a 5 ml. solution of methylene 
chloride containing hydrogen chloride gas (prepared by 
bubbling gaseous hydrogen chloride slowly for 3 min. into 
methylene chloride) there was added 110 mg. of solasodine 
diacetate; the reaction was allowed to stand at room tem
perature for 20 min. The solution wTas washed with 5% 
sodium bicarbonate solution and water and dried over 
anhydrous sodium sulfate. The residue, after removal of the 
solvent, was chromatographed on alumina. The fraction 
eluted with 0.5% methanol in ether yielded 99 mg. of a 
product melting at 129-133°. The infrared spectrum of this 
substance was in agreement with an authentic specimen of 
II.

(b) A solution of 132 mg. of solasodine diacetate in 20 
ml. of dry pyridine containing approximately 0.8% hydro
gen chloride was refluxed for 1.5 hr. and poured on ice. 
The product upon chromatography yielded 125 mg. (95%) 
of II, m.p. 129-134°.

Betiiesda 14, Md.
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R e d u c t i o n  o f  7 a - B r o m o s t e r o i d s  w i t h  T r i t i u m 1

MAllCEL GUT and MILAN USKOKOVTC 

Received A ugust IS, 1959

“«-Bromopholesterol acetate was reduced catalytically with tritium with the incorporation of the bulk of tritium in the 
7a- position of the resulting cholesterol-HL Details of the isotope distribution are shown and a possible mechanism to 
account for this distribution is indicated.

A growing interest in tritium as a radioactive 
tracer, caused by its low cost and the high specific 
activities made possible, stimulated this study on 
the specific labeling of steroids. It was of 
particular interest to study the stability of the 
isotopic label and also to investigate the posi
tion^) of the introduced isotope.

The introduction of tritium in specific positions 
of the steroid molecule is carried out the most 
readily either by the tritiation of a multiple bond 
or by the reduction of an appropriate halosteroid 
with tritium.2 An excellent study of the first 
method, including the distribution of isotope 
and also of the mechanism as applied to the deuter- 
ation of the double bond of cholesterol acetate, 
has already been published.3 The present paper 
provides a study of the second method, namely the 
catalytic reduction of Sd-acetoxyWa-bromo-A6- 
steroids with tritium.4 Labeling in the 7- position 
has the advantage that the label would “stick” 
in most biological experiments; e.g., in contradis
tinction to 16-tritiated steroids, where oxidation 
to the 17-ketone would render the label labile by 
enolization of its a-ketone.

7a-Bromocholesterol acetate5 was reduced cata
lytically4 with a hydrogen-tritium mixture, con
taining one Curie (1 C) per mmole. The reduced 
product was saponified with methanolic sodium 
hydroxide solution and the cholesterol obtained 
had, after chromatographic purification, an activity 
of 0.75 C per mmole (calculated 0.5 C per mmole).

That the introduction of significantly more 
than one atom of tritium for one atom of bromine 
was accomplished without exception was substan

(1) Presented in part at the 135th Meeting of the Ameri
can Chemical Society, Boston, Mass., April 1959. This 
investigation was supported in part by the AEC contract. 
AT(30-1)-918.

(2) The reduction of ketones is omitted intentionally, 
since this would necessitate the rather lengthy and involved 
preparation of lithium aluminum tritide.

(3) D. K. Fukushima and T. F. Gallagher, J. Am. 
Chem. Soc., 77, 139 (1955).

(4) Compare D. K. Fukushima, S. Lieberman, and B. 
Praetz, J. Am. Chem. Soc., 72, 5205 (1950).

(5) K. Ziegler, A. Spath, W. Schumann, and E. Winkel- 
mann, in « ., 551, 80 (1942). For the assignment of the
ff-orientation for the bromine atom see A. E. Bide, H. B.
Henbest, E. R. H. Jones, and P. A. Wilkinson, J. Chem. 
Soc., 1948, 1788; L. F. Fieser, E.rp., 6, 312 (1950).

tiated by the palladium catalyzed reduction of a 
series of steroids, e.g., 7a-bromo-3/3-acetoxypregn-
5-en-20-one, 7a-bromo-3d,17a-dihydroxypregn-5- 
en-20-one 3/3-acetate and 7a-bromoandrostenolone 
acetate.6

The mechanism by which this catalytic hydro
genation took place with the usual stereospecificity 
might possibly have been brought about by co
ordination of the activated hydrogen atoms with 
palladium atoms in a d2sp3 fashion, whereby the 
attack of such “palladium hydride” would be 
sterically controlled. The attack of “palladium 
tritide” on the polarized C7-Bra bond might pro
ceed through a cyclic intermediate formed from 
the less hindered a-side of the steroid molecule, 
which then in turn collapses by the heterolysis of 
the carbon-bromine bond, assisted by tritide ion 
transfer to C7 and tritium cation transfer to the 
negatively charged bromine.7

The axial orientation of the introduced isotope 
was established by reducing 7a-bromocholesterol 
acetate with pure deuterium.4 Deuterium was 
chosen for this experiment because the use of 
tritium in a concentration sufficient for detection 
and interpretation of the conformation of the iso
tope by infrared analysis would have made the 
labeled product extremely unstable due to auto-

(G) Marcel Gut and Milan Uskokovic, ./. Org. Chem., 24, 
673 (1959).

(7) Compare F. J. MoQuillin, Chem. and Ind., 1951, 
251.
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radiation, and because a determination of the orien
tation of deuterium substituents in steroids had 
already been accomplished.8 The deuterated com
pound showed two weak bonds at 2155 and 2130 
cm.-1, characteristic of the axial orientation of the 
deuterium and in excellent agreement with the 
data in the literature,8 while no absorption around 
2170 cm.-1 (equatorial orientation) could be ob
served.

This result is in agreement with the proposed 
mechanism, and a series of well known controlled 
oxidations was applied to the tritiated molecule 
to establish the relative concentration of the 
isotope in different positions.

Tritiated cholesterol (500 mC/mmole) was con
verted to cholesterol acetate (same specific activity) 
and the acetate was treated with A-bromosuccm- 
imide5 to give 7a-bromocholesterol acetate at a 
specific activity of 115 mC/mmole, the 7«-posi
tion therefore accounting for 77% of the total 
activity.

The conclusion that the total activity lost is 
derived from the 7a- position is based on spectral 
evidence (no equatorial isotope was detected). 
This suggests that the Wohl-Ziegler bromination 
proceeds in this case by preferential removal of 
the 7a-hydrogen by the succinimide radical 
followed by preferential formation of the 7 a- 
bromo compound in the reaction of the allylic 
radical with Ar-bromosuccinimide.

Since only one hydrogen is removed in one step 
it seems proved that the original 7/3-hydrogen is 
retained in the end product and thus the relation 
between the configuration of the bromine in the 
product and the configuration of the removed hy
drogen established.

Oxidation of cholesterol (500 mC/mmole) with 
aluminum terf-butoxide9 gave A4-cholestenone con
taining 410 mC/mmole, indicating that the posi
tions 2, 3, 4, and 6 contained at least 18% of the 
isotope. Finally, oxidation of cholesterol acetate 
(500 mC/mmole) with ¿erf-butyl chromate10 yielded
7-ketocholesterol acetate, which, after hydrolysis 
and thorough equilibration, yielded 7-ketocholes- 
terol with an activity of 70 mC/mmole, demon
strating for the positions 8, 7, 6, and 4 an isotope 
content of 86%.

Although the incorporation of more than the 
calculated amount of isotope had been observed 
and discussed3 before, it is noteworthy that milder 
conditions, such as palladium vs. platinum catalyst , 
neutral solution (ethyl acetate vs. acetic acid) 
and a much shortened reaction time bring about 
the same effect. Since the positions which have been 
analyzed for isotope content account for 104% 
(4, 6, 7, and 8 = 86% and 2, 3, 4, and 6 = 18%),

(8) E. J. Corey, M. G. Howell, A. Boston, R. L. Young, 
and R. A. Sneen, J. Am. Chem. Soc., 78, 5036 (1956).

(9) R. V. Oppenauer, Rec.. trav. chim., 56, 137 (1937).
(10) R. V. Oppenauer and H. Oherrauch, Anal, assoc, 

quim. Argentina, 37, 246 (1949).

there is little likelihood that there would be any 
isotope in ring C or D. Possible introduction of 
isotope into position 4 might be explained by the 
fact that the 7a-bromocholesterol acetate, which 
was not chromatographed prior to the reduction, 
might have contained minute amounts of 4/3,7 a- 
dibromocholesterol acetate.11 The small amount of 
isotope (9%) found in positions 4, 6, 7/?- and 8/3- 
might result either from an isomerization of the 
bromide, which is easily brought about by polar 
solvents12 or by the substitution of bromine for 
tritium in a fashion.

The two oxidation experiments lead to the con
clusion that roughly 80% of the label is at the 7- 
position. The spectral evidence indicates that 
the bulk of the label must be at 7a.

E X P E R IM E N T A L

Radioactivity measurements were made on small aliquots 
by liquid scintillation in a Packard Tri-Carb spectrometer 
(Packard Instrument Co., La Grange, 111.) with an error of 
±10%. The infrared spectra were recorded on a Beckman 
model IR4 infrared spectrophotometer. Melting points were 
determined on a Fisher-Johns hot stage and are uncor
rected. The chromatographic separations were made either 
on Davison Silica Gel Mesh 100-200 or on Woelm alumina, 
neutral, activity grade 1.

7a-Bromocholesterol acetate from cholesterol acetate. This re
action was carried out as described by Bide et al.13 and the 
product melted at 107-109°.

Cholesterol-7 a-H3 from 7a-bromocholeslerol acetate. This 
reaction was carried out as indicated by Fukushima et al.*

To a suspension of 3 g. of prereduced 5% palladium on 
calcium carbonate in 5 ml. of dry et.hjd acetate was added 
400 mg. of 7a-bromocholesterol acetate. Then the mixture 
was shaken for 35 min. together with a tritium-hydrogen 
mixture, containing 1 C per mmole. After removal of the 
residual gas the catalyst was filtered off, the solvent re
moved and the residue hydrolyzed by refluxing with 5% 
methanolic potassium hydroxide solution for 1 hr. After 
the usual workup and chromatography on alumina there was 
obtained 260 mg cholesterol-7a-H3, which, after recrystal
lization from ethanol, gave 241 mg. pure cholesterol-7a-H3, 
m.p. 148-149°. This material had an activity of 75 X 106 
dps/mg. or 0.75 C/mmole. On subsequent equilibrations 
the specific activity remained the same.

7 a-Bromocholesterol acetate from cholesterol-7 a-H3. Oholes- 
terol-7a-H3 (0.5 C/mmole) was acetylated with acetic 
anhydride-pyridine and the resulting crude acetate chro
matographed on alumina. The pure material had the same 
specific activity as the free alcohol. The acetate was then 
treated with A-bromosuccinimide as indicated above and 
the bromo compound obtained was recrystallized twice from 
petroleum ether. The product melted 106-109° and had a 
specific activity of 115 mC/mmole.

Cholestenone-7a-H3 from cholesterol-7 a-H3. Cholesterol- 
7a-H3 (0.5 C/mmole) was oxidized with acetone and 
aluminum ¿erf-butoxide.10 The crude cholestenone was

(11) Another reduction of very carefully purified 7a- 
bromocholesterol acetate (m.p. 110- 111°) with tritium was 
shown to contain this time 9% of the radioactivity in posi
tion 3 +  4. Compare S. Lieberman and D. K. Fukushima, 
J. Am. Chem. Soc., 72, 5211 (1952).

(12) H. Schaltagger and F. X. Milliner, Helv. Chim. Acta, 
34, 1096 (1951).

(13) A. E. Bice, H. B. Henbest, E. R. H. Jones, R. W. 
Peevers, and P. A. Wilkinson, J. Chem. Soc., 1948, 1783.
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equilibrated with alkali and then chromatographed on 
alumina and had a specific activity of 410 mC/mmole.

7-Kctnchnlcstcrnl from cholesterol acclale-7 a-H14 3. Cholesterol 
acetate-7n-H3 * was oxidized with ¿cri-butyl chromate10 and 
the crude 7-ketocholesterol acetate obtained was directly 
hydrolyzed by heating under reflux for 1 hr. in 1% meth- 
anolic potassium hydroxide solution. After the usual workup 
of the hydrolyzate, the product was chrcmatographed on 
silica gel and the pure material, obtained from the ethyl 
acetate-benzene eluates and recrystallized from methanol, 
had a specific activity of 70 mC/mmole.

Cholesterol-7a-D from 7 a-bromocholesterol acetate. This re
duction was carried out as described above, except that the 
palladium-on-calcium carbonate was prereduced with car
rier free deuterium and that carrier free deuterium was used 
for the reduction proper. The deutero compound had two 
absorption bands in the C-D stretching region at 2155 and 
2130 cm.-1

3(S-Hydroxypregn-5-en-20-one-7a-IP from SP-acetoxy-7a- 
bromopregn-5-en-20-one. The 3/3-acetoxy-7a-bromopregn-5- 
en-20-one was prepared as indicated by Antonucci et al.1*

and the bromo compound was then reduced with a tritium- 
hydrogen mixture containing 0.5 C/mmole as described for 
the 7a-bromocholesterol acetate. The crude reaction prod
uct was hydrolyzed, worked up in the usual manner and 
finally chromatographed on silica gel. The pure preg
nenolone had a specific activity of 325 mC/mmole.

30,17 0-Dihydroxypregn-5-en-2O-one-7 a-H3 from St3, 17 a- 
dihydroxypregn-5-en-20-one 30-acetate. The bromination 
with ¿V-bromosuccinimide followed by the reduction with 
tritium was carried out as described above. In this case the 
specific radioactivity amounted to 135% of the calculated 
amount.

30-Hydroxyandrost-5~en-17-one-7a-H3 from SfS-acetoxy-7a- 
bromoandrost-5-en-17-one. This preparation had already been 
described.6 *

S h r e w s b u r y , M a s s .

(14) R. Antonucci, S. Bernstein, D. Giancola, and K. J. 
Sax, J. Org. Chem., 16, 1126 (1951).

[C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o p  C h e m i s t r y , F a c u l t y  o p  S c i e n c e , C a i r o  U n i v e r s i t y , a n d  t h e  L a b o r a t o r i e s

o f  T h e  M e m p h i s  C h e m i c a l  C o m p a n y , C a i r o ]

E x p e r i m e n t s  w i t h  F u r o c h r o m o n e s .  A  C o l o r  T e s t  f o r  H y d r o x y f u r o c h r o m o n e s  a n d

R e l a t e d  S u b s t a n c e s  w i t h  U r a n y l  A c e t a t e

AHMED MUSTAFA, NICOLAS A. STARKOVSKY, a n d  (MISS) EKRAM ZAKI

Received August 18, 1959

Syntheses for 8-(a))-carboxymethoxy)-5-methoxy- (Ik) and 5-(w-carboxymethoxy)-2-methylfuro-4',5',6,7-chromone (lid) 
are described. Whereas oxidation of lid  with chromic acid effects the destruction of the furan ring with the formation of
5-(«-carboxymetho.xy)-6-formyl-7-hydroxy-2-methylehromone (Illb), controlled oxidation with hydrogen peroxide in alk
aline medium gives the corresponding furanosalicylic acid (Vc). The furanosalicylic acids Va-b and Vd are similarly obtained. 
Alkaline hydrolysis of Ik and lid  results in *he formation of the corresponding benzofuran derivatives (IVa-b) respectively. 
Hvdroxyfurochromones and related substances (c/. Table I) give a color reaction with uranyl acetate solution. The impor
tance of the free hydroxyl group in the peri- position to the carbonyl group is stressed (c/. Table II).

The recent publication of the preparation of a 
number of active water soluble derivatives of 2- 
methyl-5-hydroxy-8-methoxy-6,7-furochromone by 
the introduction of solubilizing groups, e.g., 
amino-,1 or carboxyl group2 prompts us to report

b. R = CH2COOH; R ' = CIL
c. R = H; R ' = CH3
d. R = CH2COOC2H5; R ' = CIL
e. R = R ' = H
f. R  =  R '  =  CH2COOC2H5
g . R =  R ' =  CH2COOH
h. R = H; R ' = CH2COOH
i. R = H; R ' = CH,COOC2H5
j. R = CH,; R ' = ClhCOOCdL
k. R = CH3; R ' = CHÆOOH
l. R(R') = CH2COOC2H5; R'(R) = CH-COOH.

(1) J. P. Fourneau, Ann. Pharm. Frang., 11, 685 (1953).
(2) C. Musante and S. Fattuta, Ann. Chim. (Rome), 

45, 918 (1955); L. Ritter and H. Kunsch, German Patent, 
952,899, Nov. 22, 1956; Chem. Abstr., 53, 2258 (1959).

some related work which we carried out some time 
ago.

The synthesis of 5-(co-carboxymethoxy)-8-mcth- 
oxy-2-methylfuro-4',5',6,7-chromone (lb) by 
Mukerjee and Seshadri3 now has been confirmed in 
our laboratories. The isomeric khellin derivative, 
namely, 8-(a>-carboxymethoxy)-5-methoxy-2-meth- 
ylfuro-4',5',6,7-chromone (Ik) is now, similarly, 
prepared by allowing khellin-hydroquinone (Ie) to 
react with ethyl chloroacetate to yield Ii which, 
upon hydrolysis, produces Ik in an overall yield 
ca. 50% based on la used.

Refluxing 5,8-di(o>-carboxymethoxy)-2-methyl- 
furo-4',5',6,7-chromone (Ig)4 with 20% hydro
chloric acid and/or 60% hydrobromic acid5 does 
not accomplish the preparation of 8-(io-carboxy-

(3) S. K. Mukerjee and T. R. Seshadri, Proc. Indian 
Acad. Sci., 35A, 323 (1952).

(4) A. Schonberg and A. Sina, J. Am. Chem. Soc., 72, 
3396(1950).

(5) These are common reagents to effect selective de-
methylation of chromones in position 5, without causing an
undesired rearrangement (cf. H. Abu-Shady and T. O.
Soine, J. Am. Pharm. Assoc., 41, 325 (1952); S. K. Mukerjee
and T. R. Seshadri (ref. 3).
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methoxy) - 5 - hydroxy - 2 - methyl - furo - 4',5',6,7- 
chromone (Ih). This may be attributed to the lower 
solubility of (Ig).

The stability of Ig toward these reagents is in 
contrast to the facile selective déméthylation of la 
in position 5 by the same reagents, as well as by a 
number of other reagents.6

Similarly, 5-(a>-carboxymethoxy)-2-methylfuro- 
4',5',6,7-chromone (lid) has been prepared by 
allowing 5-norvisnagin (lib), readily obtained by 
déméthylation of the natural analog of la, namely, 
visnagin (Ha), to react with ethylchloroacetate, 
followed by hydrolysis of the intermediate ester 
(lie ) .

Ha. R = CH,
b. R = H
c. R = CH2COOC*H6
d. R =  CHjCOOH

We now have found that when lid  is treated with 
chromic acid, under the same experimental condi
tions described for the oxidation of lia ,7 destruction 
of the furan ring and formation of 5-(w-carboxy- 
methoxy) - 6 - formyl - 7 - hydroxy - 2 - methyl- 
chromone (Illb) takes place.

OR 0

While the alkaline hydrohrsis of la and Ha to 
khellinone (IVc) and visnaginone (IYd) respec
tively are already known,8 the hydrolysis of the 
furochromones described in this paper has not 
been investigated. Thus, when Ik and lid  are sub
jected to alkaline hydrolysis, the corresponding 
benzofuran derivatives (IVa-b) are obtained re
spectively.

Color Test. Color tests have been occasionally 
described for hydroxyflavones having a hydroxyl 
group in the a- or peri-position to the carbonyl 
group.9’10 Their chelating ability has recently been 
studied by Horhammer and Hansel (c/. VI).11’12

B

With a view to finding a color reaction for the 
naturally occurring hydroxyfurochromones13 and 
hydroxychromones,14 15 having a free hydroxyl group 
in the position peri to the carbonyl group,16 we now 
have undertaken the study of the behavior of a 
number of these compounds toward uranyl acetate 
solution. Thus, when 2 ml. of a 0.05% ethyl alcohol 
solution (ethyl alcohol for spectroscopic measure
ment) of the chromone derivative was treated with 
1 ml. of 0.1% aqueous uranyl acetate solution, a

OHC
HO 0 C H 3

Ilia . R = CH3 
b. R = CHiCOOH

Recently, it has been shown that by controlled 
oxidation of la and Ila with hydrogen peroxide in 
alkaline medium7 that 6-hydroxy-4,7-dimethoxy- 
benzofuran-5-carboxylic acid (Ve) and 6-hydroxy-
4-methoxybenzofuran-5-carboxylic acid (Vf) are 
obtained respectively. The furanosalicylic acid 
derivatives (Va-d) are now obtained, in a similar 
manner, by the controlled oxidation of Ig, Ik, lid, 
and lb respectively.

COOH
OH

IVa. R = OCH3; R ' = OCH2COOH; R" = II
b. R = OCH2COOH; R ' = H; R" = H
c. R = R ' = OCH3; R ' = H
d. R = OCH3; R ' = R ' = H
e. R = R ' = OCH3; R ' = COCH3
/. R = O C H a ; R ' = H; R" = C O C I I 3  
g . R = O C H 3 ;  R ' = Br; R" = H 

Va. R = R ' = O C H 2 C O O H
b. R = OCH,; R ' = OCH2COOII
c. R = OCH2COOH; R ' = II
d. R = OCH.COOH; R ' = OCH3
e. R = R ' = OCH,
/. R = OCH,; R ' = H

(6) A. Schonberg and G. Aziz, J. Am. Chevn. Soc., 75, 
32(55 (1953); W. Asker, A. F. A. M. Shalaby, and S. M. A. 
D. Zayed, J. Org. Chem., 23, 1781 (1958); N. A. Starkovsky, 
Egyptian J. Chem. 2 , 111 (1959).

(7) A. Schonberg, N. Badran, and N. A. Starkowsky, 
J. Am. Chem. Soc., 75, 4992 (1953).

(8) P. Fantl and S. I. Salem, Biochem. Zeit, 226, 1G(3
(1930); E. Spath and W. Gruber, Ber., 74, 1492 (1941).

(9) K. Taubock, Aralurwissenschaften, 30, 439 (1942).
(10) C. W. Wilson, J. Am. Chem. Soc., 61, 2303 (1939).
(11) L. Horhammer and R. Hansel, Arch. Pharm., 285, 

438 (1952); 286, 425 (1953).
(12) L. Horhammer, R. Hansel, and W. Hieber, Natur- 

wissenschaflen, 41, 529 (1954).
(13) Khellin (la) gives a intense red-violet color with 

potassium or sodium hydroxide pellets in the presence of 
little water (cf■ Abd El-Rahman, masters’ thesis, Fouad 
I University, Cairo (1943); I. Fahmy, N. Badran, and
M. Messeid, J . Pharm. Pharmacol., I, 529, 535 (1949). The 
application of this test for a colorimetric estimation of 
khellin (G. Anrep, M. Kenawy, G. Barsoum, and I. Fahmy, 
Gazz. Fac. Med.. Cairo, 14, 1 (1947)) has been questioned 
(cf. A. Schonberg and A. Sina, J. Chem. Soc., 3344 (1950)).

(14) The color test for 2-methylehromones with m-dini- 
trobenzene in the presence of dilute alkali has been reported 
to be inconclusive in the case of 2-methylchromones con
taining a free phenolic group [A. Schonberg and M. M. 
Sidkv, J. Org. them., 21, 476 (1956)]. This may result be
cause many of these chromones dissolve in alkali with a 
reddish-brown color [Cf. A. Schonberg and A. Sina, J. 
Chem. Soc., 3344(1950)].

(15) The possibility of chelation in furochromones,
having a free hydroxyl group in position peri to the car
bonyl group, e.g., 5-norkhellin (Vila), has recently been 
discussed (cf. A. Schonberg and G. Aziz, J. Am. Chem. Soc., 
75,3265(1953)).
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color developed, followed by the separation of an 
insoluble metal salt complex, upon dilution with 
water in some cases (cf. Table Ij. The limit for the 
detection of norvisviagin (lib), taken as an ex
ample, with umayl acetate solution is 5y/ml., and 
the limit for the detection of uranium in uranyl 
acetate solution with lib  reagent is 5 .6 7 /ml. The 
color formed is readily destroyed on addition of 
mineral acids and even with an excess of dilute 
acetic acid solution, as well as with alkaline buffers 
(pH 9 and above) and with aqueous sodium hy
droxide solution (4%), with the formation of the 
yellow sodium salt. Hydroxyfurochromones and 
hydroxychromones, listed in Table I, give no color 
with boric-citric or boric-oxalic acids reagents.9'10

TABLE I
Compounds G iving A P ositive T est"

Compound Color

5-Norkhellin (V ila)14 Red, green, violet- 
brown6

5-Norvisnagin (VIIb)c Red, green, scarlet- 
red6

8-(Carbethoxymethoxy)-5-hydroxy-2- Red, green, orange-
methylfuro-4',5',6,7-chromone red6
(Vile)

5-Norkhelloi (VIId)/ Red, green, deep- 
red

8-(iV,.¥-Diethylaminoethoxy)-5- Red, green
hy droxy-2-methy If uro-4', 5 ',6,7- 
ehromone (Vile)9

5,8-Dinorkhellin (V ili)0 Violet-red, green 
changing 
.mmediately to 
red-brown, 
orown

5,6-Di-nor-isokhellin (VIH)! Deep wine-red, 
green, violet- 
orown

6-Formyl-5-hydro.xy-7-metho.xy-2- Bulky yellow pre-
methylchromone (IXc) eipitate, wine- 

red, yellow
6-Fo r my 1-5,7-di hy d roxy-2-methy 1- Yellow precipitate,

chromone (IXe)9 vine-red, yellow
Eugenitin (IXg)9 Red, deep violet- 

black, deep 
orange

7-Nor-eugenitin (IXh)9 Red, deep violet- 
black, buff- 
brown

5,6,7-T rihy droxv-2-methylchromone Wine-red, brown,
(IXa)* oale-brown

5,6,7-Trihydro.xyflavone ( IXb )1 Red-brown, brown
ish black, brown

6,7-Dihydroxy-5-methoxy-2-methvl- Br ck-red, deep
chromone (IXo)m green, orange- 

brown
6,7-Dihydroxy-5-methoxyflavone Red-brown, deep

(IXp)« green,red 
Yellow, violeto-Hydroxyacetophenone

2-Hvdroxy-4-methoxyacetophenone Yellow, red-violet
w-Aeetokhellinone (IVe) Yellow, red
w-Acetovisnaginone (IVf) Yellow, red
Khellinone (IVc)° Oringe, green
Visnaginone (IVd)° Yellow, green
7-Bromovisnaginone (IVg) Brownish-yellow,

green

The importance of the free hydroxyl group in the 
position peri to the carbonyl group is stressed, as 
hydroxychromones with protected hydroxyl groups 
in the peri position give no color (cf. Table II). 
Morover, although the two isomeric chromones,
6-formyl-5-hydroxy-7-methoxy- (IXc) and 6-form- 
yl-5-methoxy-7-hydroxy-2-methylchromone (IXd), 
give a wine-red color with ferric chloride, only IXc 
gives a bulky yellow precipitate with uranyl acetate 
solution.

TABLE II
Compounds G iving a N egative T est"

Compound Color

6-Formyl-5-methoxy-7-hydroxy-2- 
methylchromone (IXd)9

Wine-red

6-Formyl-7-hydroxy-5-methoxy-8- 
nitro-2-methylchromone (IXi)9

Orange

6-Form yI-7-hydroxy-5-methoxy-2- 
hydroxymethylchromone (IXj )m

Wine-red

6-F ormyl-7-hy droxy-5-( w-carboxv- 
methoxy)-2-methylchromone (IXk)

Wine-red

6-Formvl-7-hydroxy-5-methoxyflavone
(1X1)"

Red

6-Formy l-7-hydroxy-5-methoxy-8- 
bromo-2-methylchromone (IXm)m

W ine-red

6-Hydroxy-5,7-dimethoxy-2-methyl- Pale-brown
chromone (IXn)p developed

gradually

“ The colors given refer to the color developed with uranyl 
acetate, ferric chloride solution, and the color of the precipi
tate formed after dilution of the reaction mixture of uranyl 
acetate and the chromone derivative with water, respec
tively. 6 The precipitate is readily extractable with chloro
form to give deep-red solution. c The given color refers to 
the color developed with aqueous ferric chloride solution. 
d See ref. 3, 5, 6. e A. Schonberg and N. Badran, J . Am. 
Chem. Soc., 73, 2960 (1951). 9 See ref. 6. 9 See ref. 1. h V. 
V. S. Murti and T. R. Seshadri, Proc. Indian Acad. Sci., 
30A, 107 (1949). i J. R. Clarke and A. Robertson, Chem. 
Soc., 302 (1949). 9 See ref. 7. * S. K. Mukerjee and T. R. 
Seshadri, J. Sci. lnd. Research {India), 13B, 400 (1954); 
D. K. Charkravorty, S. K. Mukerjee, V. V. S. Murti, and 
T. R. Seshadri, Proc. Indian Acad. Sci., 35A, 34 (1952). 
1 See ref. 18. m A. Schonberg, N. Badran, and N. A. Star- 
kowsky, J. Am. Chem. Soc., 77, 1019 (1955). n A. Schonberg,
N. Badran, and N. A. Starkowsky, J. Am. Chem. Soc., 77, 
5390 (1955). 0 See ref. 8. p See ref. 17.

5,6,7-Trihydroxy-2-methylchromone (IXa) and
5,6,7-trihydroxyflavone (IXb), similar to IXe and 
IXf, have two chelate forming groups in the mole
cule and can form complexes with uranyl acetate. 
In contrast to the behavior of IXd and 1X1, which 
give no color, red precipitates are formed in the 
case of IXo-p (without free hydroxyl groups in the 
peri position) with the same reagent, showing that 
the hydroxyl groups in positions 6 and 7 are 
capable of forming chelates,16 as IXn gives no 
color.

o-Hydroxyacetophenone and 1 Ye- g are ring- 
opened analogs of the 5-hydroxychromones and 
have the same chelating structure. Thus, a yellow

(16) Cf. The unability of polyhydroxyflavanols, c.g. VI, to 
form chelates by group C (ref. 12).
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color developed when their cold solutions were 
treated with uranyl acetate solution (cf. Table I). 
Acetophenone gives no color with the same re
agent.

The application of the color development for a 
colorometric estimation of hydroxyfurochromones 
(YIIa-c) and the spectrophotometrical study of the 
chloroform-soluble complex formation of these 
chromones with uranyl acetate is under investiga
tion. This color test is of value for structural stud}'.

0H V

R '
Vila. R = CH3; R'

b. R = CH3; R '
c. R = CH3; R ' 
cl. R = CH2OH;
e. R = CH3; R'
f. R = CH3; R '

OCH,
H
OCH2COOC,H5 
= H

OCH2CH2N(C,H6)2
OH

IXa. R = CHS; R, = R3 = R, = H; R2 = OH 
b. It = C6H5; R, = R3 = R, = H; R2 = OH
0. R = R3 = CH3; R = R4 = H; R2 = CHO
d. R = R. = CH3; Ro = CHO; R3 = R, = H
e. R = CH3; R2 = CHO; Ri = R3 = R4 = H
f. R = CH3; R2 = CHO; R, = R3 = H; R4 = N 02
g. R = R, = R, = CH3: R, = R4 = H
h. R = R2 = CH3; R4 = R3 = R4 = H
1. R = R, = CH3; R2 = CHO; R3 = H: R4 = N02
3. R = CH,OH; R4 = CH3; R2 = CHO: R3 = R4 = H
k. R = CH3; R, = CH-COOH; R- = CHO; R3 = R4 = H
l. R = C6H5; R, = CH3; R2 = CHO; R3 = R4 = H

m. R = R, = CH3; R2 = CHO; R3 = H; R4 = Br
n. R = Ri = R3 = CH3; R2 = OH; R4 = H
o. R = R, = CH3; R2 = R3 = OH; R4 = H
p. It = C6H5; It! = CH3; R2 = R3 = OH; R4 = OH

E X P E R IM E N T A L 17 18

5,8-Di-(ui-carbethoxymethoxy)-2-mcthylfuro-4' ,5' ,6,7-chro- 
nione (If). To a solution of 8 g. of 5,8-di-norkhellin (Ie)A 
in 100 ml. of dry acetone was added 8 g. of anhydrous po
tassium carbonate, 6.5 ml. of ethylchloroacetate, and 0.5
g. of sodium iodide. The reaction mixture was refluxed for 
12 hr., then 4 g. of anhydrous potassium carbonate, 2.5 ml. 
of ethylchloroacetate and 40 ml. of acetone were added, 
and refluxing was extended for a further period of 28 hr. 
Acetone was then driven off and the residue was digested 
with cold water and the reaction mixture made acidic to 
methyl red by addition of dilute acetic acid. The colorless 
solid that separated on cooling was filtered off, washed with 
water, and extracted with cold sodium carbonate solution 
(5%). The insoluble jjart was crystallized from 50% ethanol 
m.p. 125-127°, and was identified as If (m.p. and mixed 
imp.4); yield was ca. 6 g.

The sodium carbonate solution was treated with cold di
lute hydrochloric acid, and the solid obtained gave upon

(17) All melting points are uncorrected. Microanalysis 
was carried out by Dr. A. Bernhardt, Mülheim, and l)rs. 
Cl. Weiler and F. Strauss, Oxford.

crystallization from ethyl alcohol colorless crystals, m.p. 
198-200°.

Anal. Calcd. for Ci8Hi60 si: C, 57.44; H, 4.25. Found: C, 
57.40; H, 4.23.

5(8 Hw-Carbethoxymethoxy )-8(5)-( w-carboxy methoxy )- 
2-methylfuro-4',5',6,7-chromone (II) is soluble in sodium 
carbonate solution (5%) and is almost insoluble in sodium 
bicarbonate solution (5%). It gives a crimson-red color 
when treated with sodium hydroxide pellets.ls

The free dibasic acid (Ig) was readily obtained from either 
If or II upon treatment with dilute sulfuric acid according 
to the procedure described by Schonberg and Sina.4 Ig was 
unaffected when refluxed with 20% hydrochloric acid and/or 
with hydrobromic acid (60%) for 15 min.

8-( m-Carbethoxymethoxy)-5-hydroxy-2-meth ylf 11 ro-4 ’ ,5' ,6,7- 
chronione (Ii) was obtained according to the procedure 
described above for the preparation of If. The reaction mix
ture was refluxed for 12 hr. only; acetone was driven off and 
the solution of the reaction residue in water was acidified 
with dilute acetic acid. The solid obtained was filtered off, 
washed with water, and crystallized from dilute ethyl alcohol 
as yellow plates, m.p. 129-130°. Yield is ca. 7 g.

Anal. Calcd. for CisHhOj: C, 60.37; H, 4.40. Found: C, 
60.30; H, 4.53.

8-(u-Carboxymelhoxy)-o-hydroxy-2-methylfuro-4',6',6,7- 
chromone (Ih). A solution of 1 g. of Ii in 25 ml. of glacial 
acetic acid was treated with a mixture of 20 ml. of water and 
1 ml. of concentrated sulfuric acid. The reaction mixture 
was refluxed for 20 min. and cooled. The solid obtained was 
collected by filtration and was crystallized from ethyl alcohol 
as colorless crystals (0.7 g.), m.p. 220-222°.

Anal. Calcd. for C1.1H10O7: C, 57.93; H, 3.44. Found: C, 
57.88; H, 3.57.

8-(w-Carbethoxymelhoxy)-5-methoxy-2-methylfuro-4' ,5’ ,6 7- 
chromone (Ij). A mixture of 1 g. of Ii, in 40 ml. of dry acetone, 
3 g. of anhydrous potassium carbonate, and 2 ml. of methyl 
iodide, was refluxed for 20 hr. I t was filtered and evapo
rated to dryness. The solid was crystallized from 20% ethyl 
alcohol as colorless crystals (ca. 1.0 g.), m.p. 110-112°. Ij 
gives a red color when treated with sodium hydroxide 
pellets.

Anal. Calcd. for CnHieCb: C, 61.44: H, 4.81. Found: C, 
61.52; H, 4.98.

8-(u-Carboxymethoxy)-5-methoxy-2-methylfuro-4' ,0 ' ,6,7- 
chromone (Ik). Hydrolysis of 1 g. of Ij was carried out as 
described for Ih. The crude Ik, thus obtained, was crystal
lized from ethyl alcohol as colorless needles (ca. 0.75 g.), 
m.p. 278°.

Anal. Calcd. for CisH^Ov: C, 59.21; H, 3.94. Found: C, 
59.44; H, 3.94. It is soluble in sodium carbonate solution 
with effervescence and gives a red color with sodium hy
droxide pellets.

6-(oi-Carbeihoxymethoxy)-2-methylfuro-4',o' ,6,7-chromone 
(lie). 5-Norvisnagin ( lib )17 (1 g.) was treated with ethyl
chloroacetate as described for If to give after crystallization 
from ethyl alcohol, 1 g. of colorless needles of lie, m.p. 134- 
135°.

Anal. Calcd. for CigHh0 6: C, 63.57; H, 4.63. Found: C, 
63.59; H, 4.72. It gives a red color with sodium hydroxide 
pellets.

5-(w-Carboxymethoxy')-2-inethylfuro-4' ,6' ,6,7-chromone 
(lid). One gram of lie was treated with sulfuric acid as 
described above to give an almost quantitative yield of lid. 
It was crystallized from glacial acetic acid as colorless plates, 
m.p. 246-248°, and gives a violet color with sodium hy
droxide pellets.

Anal. Calcd. for ChHuiOo: C, 61.31; H, 3.65. Found: C, 
61.78; H, 3.86.

Oxidation of lid. (a) Chromic acid. Oxidation of 1 g. of 
lid with chromic acid according to the procedure described 
for ITa7 gave colorless needles of 5-( w-carboxy methoxy )-6-

(18) A. Schcnberg and A. Sina, J. Chem. Hoc., 3344 (1950).
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formyl-7-li3'droxy-2-methylchromone (Illb) from ethyl 
alcohol, m.p. 202-204° (dec.). Yield was ca. 65%.

Anal. Calcd. for C13H10O7: C, 56.11; H, 3.59. Found: C, 
55.83; H, 3.76.

(b) Hydrogen, peroxide. Oxidation of lid  with hydrogen 
peroxide in alkaline medium according to the procedure 
described for the oxidation of lia7 led to the formation of 
yellowish needles of 4-(a>-carboxymethoxy)-6-hydroxybenzo- 
furan-5-carboxylic acid (Vc), m.p. 229-230° (dec.). It gives a 
blue color when its alcoholic solution is treated with aqueous 
ferric chloride solution.

Anal. Calcd. for CnHgCh: C, 52.38; H, 3.17. Found: C, 
52.35; H, 3.58.

Oxidation with hydrogen peroxide in alkaline medium, (a) 
Ig. One gram of Ig gave upon oxidation with hydrogen 
peroxide in alkaline medium7 4,7-di-(a-carfcoxymethoxy)-6- 
hydroxybenzofuran-5-carboxylic acid (Va) as colorless 
needles from water (ca. 0.5 g.), m.p. 222-223° (dec.). It 
gives a blue color with ferric chloride.

Anal. Calcd. for C13II10O10, II20: C, 45.34; H, 3.48. Found: 
C, 45.42; H, 3.70.

(b) Ik. Similarly, oxidation of 1 g. of Ik with the same 
reagents under the same experimental conditions, led to 
the formation of colorless needles from ethyl alcohol (ca. 
0.6 g.) of 7-(w-carboxymethoxy)-6-hydroxy-4-methoxy- 
benzofuran-5-carboxylic acid (Vb), m.p. 192-194° (dec.). 
I t gives a blue color with ferric chloride.

Anal. Calcd. for C12HioOs: C, 51.06; H, 3.54. Found: C, 
51.28; H, 4.18.

(c) lb. Oxidation of 1 g. of lb1 2 with hycrogen peroxide, 
as described for Ig, led to the formation of colorless needles 
from ethyl alcohol of 4-(w-carboxymethoxy)-6-hydroxy-7- 
mcthoxybenzofuran-5-oarboxylic acid (Vd) (ca. 0.5 g.), 
m.p. 202-203° (dec.). It gives a blue color with ferric chlo
ride.

Anal. Calcd. for Cj»llio08: C, 51.06; II, 3.54. Found: 
C, 51.03; H, 4.18.

Alkaline hydrolysis, (a) Ik. Refluxing 1 g. of Ik with 
aqueous sodium hydroxide solution (40 ml.; 15%) for 2 hr., 
followed by cooling the reaction mixture and acidification 
with cold dilute hydrochloric acid, gave pale-j'ellow needles 
from dilute ethyl alcohol of 5-acet3d-7-(w-carboxj-methoxy)-
6-lrydroxy-4-methox3’-benzofuran (IVa) (ca. 0.6 g.), m.p.
171-172°. It gives a green color with ferric chloride.

Anal. Calcd. for C13H12O7: C, 55.71; H, 4.28. Found: C, 
55.73; H, 4.61.

(b) lid. Similarly, treatment of 1 g. of lid  with sodium 
hydroxide under the above mentioned conditions led to the 
formation of canary-3-ellow needles from ethyl alcohol (ca. 
0.4 g.) of 5-acetyl-4-(w-carbox3miethox3')-6-h3’dro.X3’benzo- 
furan (IVb), m.p. 217-218° (dec.). It gives a blue color with 
ferric chloride.

Anal. Calcd. for C^IRoC :̂ C, 57.60; II, 4.00. Found: C,
57.51 ;H, 4.10.

Preparation of 6-Formyl-5-hydroxy-7-methoxy-2-melhyl- 
chromone (IXc). One half gram of 6-formyl-5,7-dimethoxy- 
2-methylchromone7 wras refluxed for 1 hr. with a mixture of 
10 ml. of concentrated hydrochloric acid and 10 ml. of 
water. The solid obtained upon cooling the reaction mixture 
was collected and crystallized from ethyl alcohol as colorless 
crystals (250 mg.), m.p. 250° (dec.).

Anal. Calcd. for C12H10O5: C, 61.53; II, 4.27. Found: C, 
61.63; H, 4.14.

IXc is insoluble in aqueous sodium twdroxide solution (5%) 
and acquires a yellow color when treated with 50% sulfuric 
acid. It gives a violet-red color with ferric chloride.

Cairo, U.A.R.
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It is postulated that a lp'drogenation catalyst prepared by depositing palladium on a suitable carrier consists of centers 
differing from each other not only in their reactivity toward specific substrates but toward specific stereoisomers of those 
substrates. Thus, centers effective for the Iwdrogenation of a given compound differ appreciable' from those effective for 
another compound or even for a stereoisomer. Conditions are outlined for determining the validity of these postulates, and 
experimental results thus far obtained are in harmony therewith. For example, with identical catalysts the Schiff base 
formed with benzylamine and a racemic acyloin takes up hydrogen considerably faster than does the Schiff base formed with
the d( — )acyloin. Other examples are also given.

Reactions depending on heterogenous catalysis 
are surface phenomena.4 * Studies of adsorption, 
reaction kinetics, poisoning, and promoter action 
lead to the conclusion that the catalytically active 
surface is nonuniform and that not all areas are 
equally active.6

(1) For number IX see R. W. Meschke and W. H. Har- 
tung, ./. Org. Chem. 25, 137 (1960).

(2) This investigation wras supported by Public Health 
Service Grant RG-5895, National Institutes of Health. For 
this assistance the authors express grateful appreciation.

(3) Present address: School of Pharmacy, University of 
South Carolina, Columbia, S. C.

(4) H. S. Taylor and R. M. Burns, J. Am. Chem. Soc.
43, 1284(1921).

In previous papers of this scries it has been found 
that for palladium-on-carbon the catalytic proper
ties are influenced by factors such as the presence of 
other metals,6 by the ratio of metal to carrier,7 and 
by the nature of the anion present when the pal-

(5) A. B. Kistiakow-sky, E. W. Flosdorf, and H. S. Taylor, 
J. Am. Chem. Soc. 49, 2200 (1927); II. S. Taylor and S. C. 
Liang, J. Am. Chem. Soc., 69, 1306, 2989 (1947); R. N. 
Pease and L. Stewart, J. Am. Chem. Soc., 47, 1235 (1925);
E. B. Maxted et al, J. Chem. Soc. 1933, 502: 1935, 393; 
1938, 1228, 2071; W. W. Russell, J. Chem. Ed. 22, 163
(1945).

(6) W. H. Hartung and Y. T. Chang, J. Am. Chem. Soc. 
74, 5927 (1952).

(7) J. G. Young and W. H. Hartung, J. Org. Chem. 18, 
1659(1953).
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ladium is deposited;8 and the kinetics of the reac
tion may be further modified by the environment 
in which the reaction proceeds and the product 
formed.1’8'9

These observations coupled with the frequent 
comparison of heterogeneous catalysis with enzymic 
processes, especially in view of what is known about 
the stereochemical pathway of catalytic reactions,10 
raise the question to what extent in vitro catalytic 
processes may be compared with in vivo enzymic 
processes, many of which are known to be highly 
specific with respect to chemical function and 
stereo isomers. Thus, in catalysis may there not be 
a center which is active for one type of compound 
but quite inert for one of different structure or even 
configuration? For example, if one expands the 
“three-point” concept of Ogston11 (the “multiplet” 
theory12 though a bit more complex, may be equally 
satisfactorily adapted), then the hypothetically 
different sites in a catalyst may be represented as in 
Fig. 1.

a ----b

V
b---- a
\ /c

a-----b
\ /c

x-----y
\ /z

i II III IV

a ---- b-----m
\ / \ /  c n

a-----b
\ / \  c-----a

a---- b
\  XY — z
\ \ 7

V VI VII VIII IX yX
Fig. 1. Hypothetical active sites on a catalyst surface

I is the mirror image of II, randomly present in 
equal numbers and acting on a symmetrical sub
strate, e.g. a-oximino propiophenone,13 jointly 
afford racemic norephedrine. With an unsymmetri- 
cal substate however, for example, the Schiff base 
resulting from the reaction of methylamine with 
d(— )acetylphenyl-carbinol, an intermediate which 
is reduced to natural ephedrine according to the 
procedure of Hildebrandt and Klavehn,14 * only one 
of the pair of sites will function. This results in the 
formation of an optically pure product, while the 
other enantiomorphous site will be inoperative.
III will hypothetically be active for a substrate 
bearing the same functional groups as the I-specific 
substrate but with different molecular dimensions.
IV is the active site for a different type of com
pound. V is identical with I, but with point b also

(8) W. D. Cash, F. T. Semcniuk, and W. H. Harlung, 
J. Org. Chem. 21, 999 (1950).

(9) Z. Csuros, Muegyetemi Kozlemenyek 1947, 110; Chem. 
Abstr. 42,3726 (1948). '

(10) R. L. Burwell, Chem. Ttev. 57, 895 (1957).
(11) A. G. Ogston, Nature 162, 963 (1948).
(12) A. A. Balandin, Advances in Catalysis, Vol. X, Aca

demic Press, New York and London, 96-129 (1958).
(13) Y. T. Chang and W. 11. Hartung, J. Am. Chem. Sac. 

75,89(1953).
(14) G. Hildebrandt and IV. Klavehn, U.S. Patent

1,956,950, May 1, 1934; Chem. Abstr., 28, 4072 (1934).

shared by VI, will be inactive when VI is function
ing; that is, V and VI, each active for its respective 
substrate, cannot function simultaneously. A simi
lar condition exists for the VII-VIII Siamese twin 
pair and in the IX-X complex where one site is 
intertwined with another.

The validity of these postulates may be tested by 
properly designed experiments. It is expected that 
for a given substrate A only sites I, for example, are 
functional; all the others are nonfunctional. A 
properly designed catalyst for modifying optically 
active A must then have substantially only I sites 
operating fully throughout the experiment. In the 
same catalyst another substrate B will be affected 
by another center, for example IV; with only B 
present IV alone will be active and all IV-type sites 
will be working to full capacity. For each of these 
two cases it is possible to measure the rate at which 
hydrogen is taken up. If, now, both substrates A 
and B are present, then the I-site will reduce A at 
the rate already measured and the IV-site will re
duce B; thus the uptake of hydrogen under ideal 
conditions will be additive. However, since there is 
no way of knowing what proportion of the V-VI,
VII-VIII, and IX-X centers there may be, the rate 
probably will not be ideally additive, but it should 
be faster than the rate for either A or B alone.

One may also expect some sites to be highly 
specific and others less so. Perhaps here is an 
analogy of cholinesterase as compared to pseudo
cholinesterase; the former is specific for acetyl
choline and the other is more general for the 
hydrolysis of esters.

Further, if these concepts are valid, then perhaps 
the chemist may aspire to the preparation of stereo
specific catalysts, for example, a catalyst with
I-type arrangement without the presence of the 
enantiomorphous II-type. This is not an idle hope, 
for already Akabori,16 by depositing palladium on 
silk or acetylated silk fibroin, obtained a catalyst 
which reduces 4-benzyl-2-methyloxazol-5-one to 
phenylalanine vrith [a]D 23.2°.

Few of the readily available compounds lend 
themselves for experimental examination of the 
validity of these proposals. However, the results 
thus far observed and reported here are in harmony 
with the postulates and sufficiently encouraging to 
warrant further studies; for these it will be neces
sary to synthesize substrate reagents that are not 
readily available.

Kinetic studies were made of available com
pounds which may be hydrogenated at comparable 
rates. These were measured according to the pro
cedure described by Meschke.1 The data are given 
graphically and are compared in Figs. 2-6.

Fig. 2 deals with the first twenty minutes of the 
reduction of five millimoles each of fumaric acid

(15) S. Akabori et al., Nature, 178, 323 (1956). J. Chem. 
Soc. Japan 77, 1374 (1956); 78, 886 (1957) Biochemistry 
(English translation from Russian) 22, 147 (1957).
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Fig. 2. Reduction of benzyl acetate and of fumaric acid, 
5 millimoles in ethanol with 0.5 g. of A-12.5 catalyst. Curve 
1, 2.5 millimoles benzyl acetate and 2.5 millimoles fumaric 
acid. Curve 2, 5 millimoles of fumaric acid. Curve 3, 5 
millimoles of benzyl acetate

Fig. 3. Reduction of benzyl acetate and fumaric acid, 
5 millimoles in ethanol with 0.5 g. of A-12.5 catalyst. Curves 
1 and 4, 2.5 millimoles benzyl acetate and 2.5 millimoles 
fumaric acid. Curves 2 and 5, 5.0 millimoles of fumaric acid. 
Curves 3 and 6, 5.0 millimoles of benzyl acetate

and the hydrogenolysis of benzyl acetate. For this 
period of time, the two rates are quite comparable. 
Curve 1 shows the rate of hydrogen uptake with 
two and one half millimoles of fumaric acid and two 
and one half millimoles of benzyl acetate. It will be 
noted that this is significantly faster, although not 
additive, than the rates for the two substrates 
separately. In Fig. 3, curves 1, 2, anc 3 are identical

Fig. 4. Reduction of 4-methyl-2-pentene, 5 millimoles 
in ethanol with 0.5 g. of A-12.5 catalyst. Curve 10, 5 milli
moles of cis isomer. Curve 9, 5 millimoles of tram isomer. 
Curve 7 and 8, 2.5 millimoles of cis isomer and 2.5 milli
moles of Irans isomer

Fig. 5. Reduction of Schiff base from benzylamine and 
m-hydroxyphenylacetylcarbinol, 5 millimoles in ethanol 
with 0.5 g. of A-100 catalyst. Curve 11, schiff base from 
racemic aeyloin. Curve 12, Schiff base from d-( — )-aeylom

with those of Fig. 2. Fig. 8 also gives curves for 
typical duplicates to show that the data are quite 
reproducible. These experiments have been re
peated many times with the same results, thus giv
ing them validity.
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TÍME in MINUTES

Fig. (i. Reduction of Schiff base from benzylamine and 
«(-hydroxyphenylacet-ylcarbinol in ethanol. Curve 13, Schiff 
base from d( — )-acyloin with 1 g. of A-100 catalyst. Curves 
14 and 15, Schiff base from racemic acyloin with 0.5 g. of 
A-100 catalyst. Curves 16 and 17, Schiff base from d( — )- 
acyloin with 0.5 g. A-100 catalyst

Fig. 4 summarizes the reduction of isomeric
4-methyl-2-pentenes during the first 25 minutes of 
the reaction. It is seen that both the cis and the 
trans isomers, curves 10 and 9, respectively, take up 
hydrogen at a slower rate than an equimolar mix
ture of the two, curves 7 and 8.

Hydrogenation of fumaric and maleic acids shows 
practically identical rates of reduction. A mixture 
of the two proceeds somewhat faster, but since a 
“minimal” catalyst was not employed, not much 
reliance can yet be placed on these differences.

The most interesting results are seen with the 
Schiff base formed from benzylamine and m-hy- 
droxyphenylacetylcarbinol, Figs. 5 and 6. Reaction 
1 2 , using the substrate prepared from the d - (  — ) -  
acyloin is very much slower than reaction II with 
the racemic substrate. These experiments have been 
repeated and all results are in agreement with the 
observations recorded here. Fig. 6 shows more of 
these. Reaction 14, with racemic substrate, ap
proaches the rate of 13.

DISCUSSIO N OF RESULTS

Rates of hydrogenation show that (a) the Schiff 
base of the racemic acyloin is reduced faster than 
the Schiff base of the d - ( - ) -acyloin under identical 
conditions; (b) the Schiff base of the d - (  —)-acyloin 
requires almost twice the quantity of catalyst to be 
reduced at the same rate as does the racemate; (c) a 
mixture of equimolar amounts of benzyl acetate 
and fumaric acid, two chemically unrelated sub
strates, reduced at a significantly faster rate than 
either of the individual components by itself. These 
results are in harmony with the postulate that each

substrate has an affinity for a particular site on the 
catalytic surface and that these sites may be dif
ferent for specific compounds and specific isomers. 
The experimental data are not considered adequate 
to establish conclusively the presence of such 
stereospecific and substrate-specific centers in the 
catalyst. Missing are the data, for example in Figs. 
5 and 6, for the reduction of the Schiff base of the 
unavailable l- ( + )  -acyloin, which would be ex
pected to give curves identical to 12, 16, and 17. 
Nevertheless, the results thus far obtained are 
encouragingjand further work is in progress, which 
it is hoped will confirm the hypotheses which 
prompted these studies.

E X PER IM EN TA L

Materials and reagents. The isomeric 4-methyl-2-pen- 
tenes were purchased from Phillips Petroleum Company, 
Bartlesville, Okla. The cis isomer boils at 133.2° F. and the 
trans isomer boils at 137.1 °F.

d-( — )-m-Hydroxyphenylacetylcarbinol was graciously 
supplied by Messrs. J. M. Sprague and E. L. Engelhardt of 
Merck Sharp and Dohme, West Point, Pa. After crystalli
zation from ethyl acetate and hexane, it melted at 126-127°, 
[a], —341.7° in water; these values agree with those pre
viously reported.16 It was racemized according to the direc
tions of Engelhardt, crystallized from ethyl acetate and 
hexane and melted at 98-101°. The infrared spectra of the 
racemic and of the n-( — )-acyloin are indistinguishable, thus 
confirming that only racemizat.ion occurred without con
current isomerization to m-hydroxvbenzoylmethylcarbinol.

Benzyl acetate was synthesized according to established 
procedures.17

Fumaric acid, prepared by students, was recrystallized 
from ethanol, m.p. 194-195° (uncorr.) Maleic acid, also a 
student preparation, after recrystallization from water, 
melted 131-132° (uncorr.).

The palladium was generously supplied as pure palladium 
chloride by Engelhard Industries, Inc., Newark, N. J.

The benzylamine used, Eastman (practical grade), was 
distilled through a column, the fraction boiling at 81-82°/ 
25 mm. being collected.

Hydrogenation experiments. The preparation of the cata
lysts is described in earlier papers of this series. The appara
tus for making kinetic studies was constructed as described 
by Meschke.1

The products formed by the hydrogenations described 
are well known except for those formed by the reduction of 
the Schiff base formed from the m-hydroxyphenylacetyl-

carbinol and benzylamine, viz., m-H O C6 TLC H () H C— 
NHGH2C6H3; the product from the d-( — )-acvloin was iso
lated as the hydrochloride, Ci6Hi9N 02HC1, no definite melt
ing point; Calcd. N, 4.78%; Found, 4.83%. The product 
from the racemic intermediate was hygroscopic and could 
not be properly purified for analysis.

R ichmond, Va.

(16) E. L. Engelhardt, private communication.
(17) W. J. Hickenbottom, The Reactions of Organic Com

pounds, Longmans, Green, New York, 1948, p. 416.



S02 A U G U STIN E AND BROOM VOL. 25

[Contribution from the Department of Chemistry, The University of T exas]

C a t a l y t i c  H y d r o g e n a t i o n  o f  o , / 3 - U n s a t u r a t e d  K e t o n e s .  I I .  T h e  M e c h a n i s m  o f

H y d r o g e n a t i o n  i n  A c i d i c  M e d i u m . 1,2

ROBERT L. AUGUSTINE and ARTHUR D. BROOM

Received December 11, 1959

The catalytic hydrogenation of several a,/3-unsaturated ketones under acidic conditions has been studied. 1 he results ol 
these experiments are discussed in the light of a mechanism postulated earlier.

In a previous communication,3 the effect of acidic 
and basic media on the hydrogenation of A1’9-
2-octalone (I. R = H) and A-ber_zoyl-A4'6-hexa- 
hydro-6-isoquinolone (II. R = CeJbCO) was noted. 
As hydrogenation in acidic medium gave primarily

I II

the cis isomer, a mechanism which involved a 1,4- 
addition of hydrogen was proposed. The inter
mediates for both the cis and Irans cases can be 
represented as I-czs and I -Irans, in which M is the 
catalyst surface on which the enolic portion of the 
molecules is also adsorbed. As there is less steric

hindrance in the cis transition state, it follows that 
the cis isomer might predominate. Further evi
dence for this mechanism is found :n that the A7- 
methylisoquinolone (II. R = CH3) was reported to 
give the trans isomer on hydrogenation in neutral 
medium4 and the cis isomer in acid medium.6

This mechanism, however, is at variance with 
that of Weidlich, who proposed a 1,2-addition 
under acid conditions and a 1,4-addition under basic 
conditions.0“ He made this proposal after finding 
that 2,3-diphenylindanone (III) gave the cis 
isomer on hydrogenation under acid conditions 
and the trans isomer under basic conditions.015 
These results can be explained using the present 
mechanism as well. Under acidic conditions the 
hydrogenated product would be desorbed from

(1) This work was supported by a grant from the Uni
versity of Texas Research Institute.

(2) Presented in part at the 136th National American 
Chemical Society Meeting in Atlantic City. August, 1959.

(3) R. L. Augustine, J. Org. Chem., 23, 1,853 (1958).
(4) A. Marchant and A. R. Pindar, J. Chem. Soc., 327

(1956).
(5) S. M. McElvain and P. II. Parker, Jr., J. Am. Chem. 

Soc., 78,5312 (1956).
(6) (a) H. A. Weidlich, Chemie, 58, 30 (1945). (b) H. A. 

Weidlich and M. Meycr-Delius, Dei.. 74, 1195 (1941).

the catalyst as the enol (Hie) which would then 
ketonize. Zimmerman7 has shown that rapid 
ketonization of enols takes place by attack of the 
acid from the least hindered side. Thus, ketoniza

tion of I lle  would result in the formation of the 
cis isomer. As the trans isomer is the more stable 
of the two, it would be expected to predominate 
under basic conditions in which equilibration is 
possible.

It was thought, however, that further evidence 
was needed to support the idea that hydrogenation 
under acidic conditions did proceed via 1,4-addi- 
tion. Introduction of more steric hindrance at a 
position 1-3 to the primary attachment of the 
catalyst surface would be one way of testing this 
hypothesis. Toward this end, 7,7-dimethyl-A1-9- 
2-octalone (I. R = CH3) was synthesized by the 
reaction of 3,3-dimethyl-6-carbethoxycyclohexa- 
none8 with methyl vinyl ketone. It was predicted 
that hydrogenation of this unsaturated ketone in 
acidic medium should give almost entirely the 
cis isomer, as in the trans intermediate state (I 
trans R = CII3) there is considerable steric hindrance. 
This prediction was borne out as the product con
tained over 95% of the cis isomer as shown by 
vapor phase chromatographic analysis.

It was then considered necessary to extend the 
study to nonoctalone type systems. Toward this 
end, 5,6,7,8-tetrahydroindanone-5 (IV),9 4,5,6,7- 
tetrahydroindanone-2 (V),10 * and 3,5-dime thy 1-

(7) H. E. Zimmerman, J. Am. Chem. Soc., 78, 1168 
(1956).

(8) A. Brinner and H. Schiuz, Helv. Chem. Acta, 35, 1333
(1952).

(9) G. Stork and II. Landesman, J. Am. Chem. Soc., 78, 
5128(1956).

(10) A. M. Islam and R. A. Raphael, J. Chem. Soc.., 4086
(1952).
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cydohex-2-eneone (VI)11 were synthesized and 
hydrogenated under neutral, acidic, and basic 
conditions. The ratio of products obtained was 
determined by vapor phase chromatographic analy-

0

I V  V  V I

sis and the results are listed in Table I along with 
the results from the hydrogenation of I (R = CII3). 
In each of these latter cases only one product 
was obtained regardless of the nature of the me
dium. However, because it is known that acid has 
an effect on the nature of the reaction, the same 
mechanism used to explain the results in the octa- 
lone series should also hold here.

TABLE I
Percent cis Isomer Obtained"

Compound Neutral
Medium

Acid Base
I(R = CH3) 70 95 30
IV 100 100 100
V 100 100 100
VI 100 100 100

a As determined by vapor phase chromatography. In all 
cases an isomer of known configuration was chromatographed 
to note absorption time on the column, thus enabling the 
distinction of isomers, where necessary.

Thus in the acidic hydrogenation of each of the 
two indanones, two intermediates are possible, 
IV and V trans and IV and V cis. It is clear from 
an examination of these intermediates that the 
cis in each case has less steric hindrance than the 
trans and should, therefore, be favored.

In the case of VI, inspection of models shows 
that when the ring is in the half-chair conformation 
the cis intermediate has less steric hindrance. The 
trans is favored, however, when the molecule is in 
the half-boat conformation; but, as the half-chair

(11) E. Knoevanagel, Ann., 281, 104 (1894).

is more stable than the half-boat,12 there is no 
need to consider the half-boat, case here.

Thus it seems quite probable that the mech
anism for acidic hydrogenation is the one postu
lated. The effect of base, however, has not been 
defined. It has been proposed that in the hydro
genation of ring D unsaturated equilenin deriva
tives, the material hydrogenated in basic medium 
is not the unsaturated ketone, but instead the enol 
of the ketone.13 If models of the enols of the various 
unsaturated ketones used in this work are examined 
they show that in all cases the isomer obtained is 
that which would be predicted on the basis of hy
drogenation of these enols. Further clarification of 
this concept is, however, necessary before any 
general statement can be made.

E X P E R IM E N T A L 14

7,7-Dimethyl M^-octalone-Z (I. R = CH3). To a solution 
of 1.6 g. of sodium in 100 ml. of absolute ethanol and 100 
ml. of dry benzene was added slowly 13 g. of 3,3-dimethyl-6- 
earbethoxycyclohexanone.8 The resulting solution was re
fluxed for 3 hr. and then cooled in an ice bath. To this cold 
solution was added dropwise a solution of 5.2 g. of methyl 
vinyl ketone in 50 ml. of dry benzene. The reaction mixture 
was stirred at room temperature overnight and refluxed for 
1 hr. The mixture was cooled, poured into wrnter, and ex
tracted writh benzene. The benzene wras removed and the 
residue was refluxed overnight with a mixture of 40 ml. of 
50% aqueous potassium hydroxide and 250 ml. of methanol 
under nitrogen. This reaction mixture was poured into 
water and the mixture extracted with ether. The ether solu
tion was washed with dilute hydrochloric acid and water, 
dried over magnesium sulfate, filtered, and the ether re
moved. The residue was distilled, giving 4.6 g. of I (R = CH3), 
b.p. 153°-154° (19 mm.). Xmal 240 my. (e = 13,000). The 
2,4-dinitrophenylhydrazone was recrystallized from ethyl
iii’pt'itp Tn n —1Q7̂

Anal. Calcd. for ClsH22N,Oi; C, 60.33; H, 0.19. Found: 
C, 60.37; H, 6.22.

Hydrogenalion reactions, (a) Neutral Medium. A mixture 
of 500 mg. of the unsaturated ketone, 10 ml. of ethanol, 
and 50 mg. of 10% palladium-on-charcoal was hydrogenated 
at room temperature under 1 atmosphere of hydrogen. After 
1 mole of hydrogen was absorbed the reaction ceased. The 
catalyst was filtered and the solvent was removed under 
reduced pressure. The residue was subjected directly to 
vapor phase chromatography through a Perkin-IOlmer Vapor- 
Fractometer, Model 154B, using a column composed of 1 m. 
of didecyl phtha.ate and 1 m. of 2-ethylhexyl sebacate. The 
temperature was maintained at 175° for all materials except 
those obtained by hydrogenation of I (R = CII3) for which 
a temperature of 210° was used. Helium was used as the 
eluent gas at a 40 ml. per minute flow rate.

(b) Acidic or Basic Medium. A mixture of 500 mg. of the

(12) C. W. Beckett, N. K. Freeman, and K. S. Pitzer, 
J. Am. Chem. Soc., 70, 4227 (1948).

(13) A. L. Wilds, J. A. Johnson, Jr., and R. E. Sutton, 
J. Am. Chem. Soc., 72,5524 (1950).

(14) All melting points are uncorrected.
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unsaturated ketone, 9 ml. of ethanol, 50 mg. of 10% palla- 
dium-on-eharcoal, and 1 ml. of 3.Y hydrochloric acid or 1 
ml. of 10% aqueous potassium hydroxide was subjected to 
hydrogenation at room temperature under 1 atmosphere 
of hydrogen. After 1 mole of hydrogen was taken up the 
reaction stopped. The catalyst was removed by filtration, 
the solvent evaporated under reduced pressure, and the 
residue taken up in ether. The ether solution was washed 
neutral with saturated sodium chloride solution, dried, and 
evaporated. The residue was subjected to vapor phase chro
matography as described above.

trans-7,7-Dimethyl-2-decalone. One gram of I (R = CH3) 
in 20 ml. of anhydrous ether was added to 150 ml. of liquid 
ammonia. To this milky solution was added 100 mg. of 
lithium metal giving a persistant blue solution. The solu
tion was stirred for 2 hr. and the reaction mixture decom
posed by the addition of 5 g. of ammonium chloride. The 
ammonia was evaporated and the residue taken up in water. 
The aqueous solution was extracted with ether and the ex
tracts dried and evaporated. Yield, 0.7 g.

The 2,4-dinilrophenylhydrazone was recrystallized from 
ethanol, m.p. 164°-165°.

Anal. Calcd. for Ci8H24N40 4: C, 59.98; H, 6.71. Found: 
C, 59.98; H, 6.66.

cis-7,7-Dimethyl-2-decalone. A mixture of 1 g. of I (R = 
CH3), 20 ml. of ethanol, 2 ml. of 3N  hydrochloric acid, and 
100 mg. of 10% palladium-on-charcoal was subjected to 
hydrogenation at room temperature under 1 atmosphere 
of hydrogen. After hydrogen uptake ceased the catalyst was 
removed by filtration and the solvent evaporated under 
reduced pressure. The residue was taken up in ether and 
washed with saturated sodium chloride solution. The ether 
solution was dried and evaporated giving 0.8 g. of product.

The 2,4-dinitrophenylhydrazone was recrystallized from 
95% ethanol, m.p. 129°-130°.

Anal. Calcd. for C,8H24N40 4: C, 59.98; H, 6.71. Found: 
C, 59.90; H, 6.79.

cis 2-Hydrindanone was obtained from hydrogenation of 
IV9 in acidic, basic, or neutral medium.

The semicarbazone was recrystallized from aqueous ethanol, 
m.p. 212°-213°. Reported m.p. 215°216°.15

cis ,5-H ydrindanone was obtained from hydrogenation of 
V10 in acidic, basic, or neutral medium.

The 2,4-dinitrophenylhydrazone was recrystallized from 
ethanol, m.p. 166°-167°. Reported m.p.’s 163°,16 163°- 
164°,17168°-169°.18

The semicarbazone was recrystallized from aqueous etha
nol, m.p. 195°-196°; reported melting points 203°,16 193°- 
195°,17 196°-197°,13 193°-195.5°.19

cis 3,5-Dime.thylcyclohexanone was obtained from hydro
genation of VI11 in acidic, basic or neutral medium.

The 2,4-dinitrophenylhydrazone was recrystallized from 
ethanol, m.p. 164°-165°; reported m.p. 166°-167°.20

The semicarbazone was recrystallized from aqueous etha
nol, m.p. 200°-201°; reported melting points 206°-207°,20 
200°,21202°-203°.22 1 2 3 4 * 97

Austin 12, Tex.

(15) A. Kandiah, Chem. Soc., 922 (1931).
(16) A. H. Cook and R. P. Linstead, J. Chem. Soc., 946

(1934).
(17) V. Prolog and M. Zimmermann, Helv. Chem. Acta, 

32,2360(1949).
(18) J. Meinwald and M. Kohenkyla, Chem, and Ind., 476 

(1955).
(19) J. R. Nunn and W. S. Rapson, ./. Chem. Soc., 825 

(1949).
(20) A. S. Bailev, X. Polgar, and R. Robinson, J. Chem. 

Soc., 3031 (1953).
(21) R. Cornubert, R. Andri, and P. Hartmann, Bull. 

Soc. Chim. France, 863 (1948).
(22) J. von Braun and W. Haensel, Ber., 59B, 1999 

(1926).
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Methioninemethylsulfonium fluoborate was prepared. Its reaction with potassium salts of various acids afforded the 
corresponding sulfonium salts. Methioninemethylsulfonium perchlorate and fhiosilicate were also prepared.

Only two existing methods are available for 
preparing DL-methioninesulfonium salts. One of 
the methods which affords sulfonium bromides and 
iodides as well as sulfates involves the interaction 
of alkyl halides1-3 or sulfates’ 4-5 with methionine;

(1) (a) G. Toennies, J. Biol. Chem., 132 , 455 (1940); 
133, CII (1940). (b) G. Toennies and J. J. Kolbe, J. Am. 
Chem. Soc., 67, 849, 1141 (1945). (c) K. Pfister, 3rd, W. J. 
Leanza, J. P. Conbere, H. J. Becker, A. R. Matzuk, and 
E. F. Rogers, J. Am. Chem. Soc., 77, 697 (1955); a-methyl- 
methioninemethylsulfonium iodide wTas prepared by the 
method of Toennies and Kolbe. (d) M. A. Bennett, J. 
Biol. Chem., 141, 573 (1941).

(2) R. O. Atkinson and F. Poppelsdorf, J. Chem. Soc., 
1378 (1951).

(3) K. Fukui and H. Kitano, Japanese Patent 231,753, 
May 2, 1957; Chem. Abstr., 52, 2897 (1958).

(4) S. Nakajima and G. Okuvama, Chem. Abstr., 52, 
19972 (1958).

while the other method which gives sulfonium 
chlorides5 and acetates2-4 employs anion exchange 
of sulfonium salts with the appropriate salts or 
acids.

Although the latter method has an advantage in 
that acetates and chlorides are obtainable which 
can never be prepared by the former method, an 
anion exchange method still has the limitations 
that intermediate sulfonium salts are prepared and 
purified with difficulty, and the desired sulfonium 
salts cannot easily be separated from the inorganic 
salts formed as a by-product.

During our investigation of sulfonium com

(5) T. F. Lavine and N. F. Floyd, J. Biol. Chem., 207,
97 (1954); T. F. Ravine, N. F. Floyd, and M. S. Cam- 
maroti, J. Biol. Chem., 207, 107 (1954).
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pounds,6 it was found that sulfonium fluoborates 
were easily crystallized and relatively stable on 
storage. Methioninemetbylsulfonium fluoborate
(III) was prepared by the reaction of methionine- 
methylsulfonium iodide (I) with silver fluoborate, 
or by the reaction of methioninemethylsulfonium 
sulfate (II) with barium fluoborate.

property, while the latter (IX), though not so 
hygroscopic as XVII, is less stable to heating than
III. Methyl bromide,1'2 ethyl bromide,2 benzyl 
and 7>methvbenzyl chlorides,10 11 as well as bis(2- 
chloroethyl)sulfideu react directly with methionine 
to yield the corresponding sulfonium salts, but 
methyl and ethyl chlorides do not give sulfonium

(CIO — 8 +—CH-CILCHCf >OH +  AgBF4
I
NH, \

I

/
(CH3)2—S+— CH2CH2CHCOOH (1)

b f 4
I
NH.

(CH.,)2—S+—CH2CH2CHCOOH +  Ba/BIy),
III

so4h -
II

XH2

Anion exchange Reaction 2 of III with potassium 
salts, KX, of various acids can be carried out 
smoothly in water or aqueous ethanol, and the 
sulfonium salts formed are separated effectively 
from the reaction mixture and recrystallized from 
suitable solvents to afford the corresponding sul
fonium salts in good yields. Sulfonium salts thus
III +  KX — >

(CH3)2—S+—CH2CH2CHCOOH +  KBF, (2)

x -  x h 2

prepared are shown in Table I.
An attempt to prepare methioninemethylsul

fonium permanganate was unsuccessful. The sul
fonium bromate (VII) is highly explosive and heat 
or shock must be avoided. Methioninemethylsul
fonium salts of complex anions containing metals 
do not melt but at increased temperature undergo 
slow decomposition as indicated by a change in 
color. The sulfonium chromate (XII) turns from 
yellowish brown to dark brown above 125°, 
sulfonium bichromate (XIII) from orange to brown 
above 105°, sulfonium ferrocyanide (XIV) turns 
from light yellow to cream color above 125°, and 
sulfonium ferricyanide (XV) from yellow to green
ish yellow above 115°. The sulfonium fluosilicate 
(XVII) and perchlorate (IX) cannot be prepared 
from III and the corresponding potassium salts; 
however, these compounds can conveniently be 
prepared by the reaction of I and silver fluosilicate 
or perchlorate. The former (XVII) is somewhat 
difficult to purify because of its very hygroscopic

(G) K. Fukui, K. Kanai, and H. Kitano, Abstract Papers 
of 12th Meeting, the Chemical Society of Japan, p. 159
(1959), Kyoto, Japan.

(7) M. Stahmann, J. S. Fruton, and M. Bergmann, J.
Org. Client., 11, 704 (1946).

(8) W. Shive, Lecture delivered at University of Michi
gan. February 1952; W. Shive, Intern. Rev. of Vitamin Re
search, 23, 329 (1952); R. A. McRorie, G. L. Sutherland, 
M. S. Lewis, A. D. Barton, M. R. Glazener, and W. Shive, 
J. Am. Ghent. Soc., 76, 115 (1954).

(9) F. Challenger and Y. C. Lin, Rec. Iran, chim., 59, 334 
(1950).

salts of methionine even at 60° in an autoclave, 
and the methionine may be recovered.6

E X P E R IM E N T A L 12

Methioninemethylsulfonium iodide (I). A.13 A mixture of 
149 g. (1 mole) of methionine, 900 ml. of 809c formic acid, 
380 ml. of acetic; acid, and 225 ml. (3.6 moles) of methyl 
iodide was kept in a dark place at room temperature for 2 
days. The sohrion was concentrated under diminished 
pressure below 60°. To the resulting sirupy material was 
added 1.5 1. of methanol, and the mixture was maintained 
at 0° overnight. The precipitate was filtered, and washed 
with methanol and acetone. Recrystallization from water- 
methanol-acetone gave 262 g. (90%) of I, colorless plates, 
melting at 156-157° dec. (reported1 150°).

B.3 A mixture of 29.8 g. (0.2 mole) of methionine, 500 ml. 
of acetic acid, 50 ml. of water, and 75 ml. (1.2 moles) of 
methyl iodide was gently refluxed on a water bath for 1.5 
hr. The mixture was treated similarly as above to yield 54
g. (92%) of I, melting at 156-157° dec.

Methioninemethylsulfonium fluoborate. A. To a solution of
29.1 g. (0.1 mole) of I in 280 ml. of water was added 35 g. 
of 56% aqueous silver fluoborate solution at room tempera
ture with stirring until the iodine ion just disappeared (by 
means of a spot test using bismuth nitrate and 8-hydroxy- 
quinoline.14 *) The mixture was filtered, and the filtrate was 
concentrated under diminished pressure below 50°. The 
residual sirup was treated as in the case of I. After «“crystal
lization from aqueous methanol, 24.9 g. (95%) of III, 
colorless crystals, m.p. 147-148° dec., was obtained.

B. A solution of 14.9 g. (0.1 mole) of methionine in 100 ml. 
of I8.V sulfuric acid and 6 ml. (0.14 mole) of methanol was 
refluxed for 3 hr. The mixture was diluted with 250 ml. of 
water and partly neutralized with powdered barium hy-

(10) Benzyl and p-methylbenzyl chlorides reacted with 
methionine at 50-60° in 70% acetic acid.8 Methionine- 
benzylsulfonium chloride had m.p. 123-124° dec. (Cl, 
caled.: 12.9; found: 12.5), and methionine-p-methylbenzyl- 
sulfonium chloride, m.p. 131-132° (Cl, calcd.. 12.1; found: 
11.8). Toennies and Kolbe reported16 that .Y-acetyl- 
methionine reacted with cinnamyl chloride to yield cor
responding sulfcnium salt.

(11) W. H. Stein and S. Moore [J. Org. Ghent., 11, 681
(1946)] reported the formation of this sulfonium salt which 
was, however, not crystallizable.

(12) All melting points are uncorrected.
(13) Method A is a modification of Toennies and Kolbe 

(reported 75% yield; see Ref. 1).
(14) I. Tsubaki, J. Ghent. Soc. Japan, Pure Ghent. Sec

tion, 71, 505 (1950).
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TABLE I
DL-MkTIU< NINEMBTHTLSn.KONirM SaI.TS
( GILLS +( X ~)CH«CH2CH( NH2)COOH

Method 
of Prep
aration0

Analyses, %

Number
Formula of 
Anion (A')a

Dec. Pt., 
°C.

Nitrogen
Caled. Found

Anion
Caled.

(A)
Found

I I A 156-157° 4.81 4.64 43.59 43.5
I I B 156-157 4.81 4.78 43.59 43.5

ITI b f 4 C 147-148 5.58 5.51 34.58 34.5
III b f 4 I) 147-148 5.58 5.50 34.58 34.5
IV Cl B 137-138" 7.01 6.90 17.76 17.7
IV Cl E 137-1.38 7.01 6.90 17.76 17.4
IV Cl F 137-138 7.01 6.90 17.76 17.9
V Br B 140-141® 5.74 5.70 32.73 32.8

VI CIO:. B 129-130 39.69 40. 1
VTÏ RrO:, B / — 43.78 44.0

VIT I IO, B 110-111 — — 51.58 51.7
IX CI04 G 147-148 — — 37.71 36.1
X NO, B 128-129 13.32 13.00 21.88 21.8

XI NO, B 147-148 12.38 12.08 27.40 27.4
X II VaCrOi B g 6.30 6.11 26.10 26.0

XTIT B g 5.15 5.1S 39.67 39.6
XIV V4Fe(CN)6 B g 16.12 16.08 24.39 24.3
XV 7,Fe(CN)6 B g 17.89 17.65 30.08 30.0

XVI n h 2so , B 124-125 10.76 10.72 — —
XVII y 2siF 6 H 109-110 5.95 5.81 30.10 30.0

XVIII CH.FCOO* B 121-122 5.81 5.86 — —
XIX CF,COO B 126-127 5.05 4.95 — —
XX CHCLCOO B 119-120 4.70 4.87 — —

XXI CChCOO B 108-109 4.29 4.26 — —
X X II p-N02C6H4C 00 B 147-148 7.65 7.90 — —

XXTIT 3,5-(X02),C6H,COO B 141-142 1 1 . 1 0 11.28 — —
XXIV p-CH,C6H4SO, B 143-144 4.18 4.08 — —
XXV /3-C10ÏÏ7SO3 B 128-129 3.77 3.86 — —

XXVT p-NH2C,H4SO, B 124-125 8 .33 8.30 — —
XXVII 4-(CH3)2NCJLNV

CASO-hI'
B 203-204 11.96 12.12

a All yields are from about 80 to 96%. s Method: A, Methionine with methyl iodide; B, III with potassium salt; C, I 
with silver fluohorate; D, Sulfonium sulfate (TI) with barium fhioborate; E, I wbh silver chloride; F, IX with potassium 
chloride; G, I with silver perchlorate; H, I with silver fluohorate. c G. Toennies and J. J. Kolbelb reported m.p. 150° dec.; 
M. Stahmann, J. S. Fruton, and 51. Bergmann,7 m.p. 168-169° dec.; F. Challenger and Y. G. Lin,9 m.p. 157-158° dec.; 
R. O. Atkinson and F. Poppelsdorf,2 m.p. 150° dec.; S. Nakajima and G. Okuyama,4 m.p. 149° dec. " R. O. Atkinson and
F. Poppelsdorf2 reported m.p. 134° dec. e G. Toennies and J. J. Kolbelt reported m.p. 140° dec.; W. Shive el al.f m.p. 
140° dec.; S. Nakajima and G. Okuyama,4 m.p. 139° dec. t  Several samples explosively decomposed in the range of 94- 
115° in spite of careful measurements of melting point. 0 This substance has no melting point. h This sulfonium salt is most 
likely a convulsant poison like other derivatives of fhioroacetie acid.

droxide to pH 2. The precipitated barium sulfate was fil
tered, and the filtrate was adjusted exactly to pH 5 with 
dilute barium hydroxide solution. The resuhing mixture was 
filtered, and the filtrate15 was treated with 15 g. of 30% 
aqueous barium fluohorate solution until no sulfate ion was 
detectable. Barium sulfate was again removed, and the clear 
filtrate was treated as above to yield 16.2 g. (67%,1 of III, 
melting at 147-148° dec.

Reaction of methioninemethylsulfonium fluohorate with 
potassium salts. To a solution of 0.05 mole of a potassium 
salt in SO ml. of water was added with stirring a solution of 
12.6 g. (0.05 mole) of III in 20 ml. of water. Ethanol (100 
ml.) was then added to the above mixture. The potassium 
fluohorate formed was filtered, washed with 50% ethanol, 
and the filtrate was concentrated under diminished pressure 
below 50°. The residue was treated with 20 ml. of 70% 
ethanol, and the insoluble matter was removed by filtration. 
The filtrate was mixed with 200 ml. of methanol, and then 
acetone was added until the solution became turbid. The

(15) The filtrate contains sulfonium sulfate (II) which 
cannot be isolated as pure crystalline material because it is 
extremely hyrgoscopic.

resulting mixture was maintained at 0° overnight to settle 
the precipitate. The precipitate was filtered, washed with 
methanol, and dried in vacuo to give a crude sulfonium salt. 
The crude product was recrystallized from water-methanol- 
acetone in suitable proportions to afford the pure sample 
listed in Table I.

Methionine,melhylsulfoniuni perchlorate (IX). To a solution 
of 29 g. (0.1 mole) of I in 200 ml. of water was added a solu
tion of 20.7 g. (0.1 mole) of silver perchlorate in 200 ml. 
of water. The mixture was treated as in the case of the 
preparation A of III to give 24.3 g. (92%) of IX which, 
after recrystallization from water-methanol, melted at 147— 
148° dec.

Methioninemethylsulfonium chloride (IV). A. IV was pre
pared in 91% yield through Reaction 2 of III and potassium 
chloride, and the product melted at 137-138° dec.

B. To a solution of 3.7 g. (0.05 mole) of potassium chloride 
in 60 ml. of water was added a solution of 12.6 g. (0.05 mole) 
of IX in 30 ml. of wTater. After cooling to 0°, the precipitated 
potassium perchlorate was filtered, and the filtrate was 
treated as described above to give 9.4 g. (94%) of IV, m.p.
137-138° dec.

C. To a suspension of 36 g. (0.25 mole) of freshly prepared
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silver chloride in 150 ml. of water was added drop wise with 
vigorous stirring a solution of 29 g. (0.1 mole) of I in 60 ml. 
of water. The addition required -bout 30 min. The mixture 
was stirred for an additional 2 hr. until no iodide ion was 
detected by a spot test.14 The resulting mixture was filtered, 
and the filtrate was concentrated under diminished pressure 
to about 45 ml. The residue was treated as above to yield 17.6 
g. (88%) of IV, which melted at 137-138° dec.

Methioninemethyhulfonium. jluosilicale (XVII). To a solu

tion of 29.1 g. (0.1 mole) of I in 50 ml. of water was added 
37 g. of freshly prepared 48% aqueous silver fluosilicate solu
tion, and the mixture was treated as above to yield 21.4 g. 
(91%) of XVII as hygroscopic colorless needles, m.p. 109- 
110° dec. XVII was found to decompose slowly in vacuo 
at room temperature. XVII could be converted in good 
yield into IV by' a procedure similar to that for XI.

K yoto, Japan

[Contribution from the Materials & Processes Staff, Aero-Space Division, Boeing A irplane Company]
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The preparations of 4-trimethylsilylstyrene and of 4-epoxyethylphenyltrimethylsilane are described, as well as attempts 
to extend these reactions to the preparation of the analogous difunctional monomers.

Two methods for the preparation of 4-trimethyl- 
silylstyrene (II) have recently been described. 
Winslow2 prepared it by the vapor phase dehydra
tion of l'-(4-trimethylsilylphenyl)ethanol (IV). 
Later Lewis3 described the reaction of 4-styryltri- 
chlorosilane with méthylmagnésium bromide. In 
the present report, the synthesis of II from 4- 
styrylmagnesium chloride (VIII)4 * and trimethyl- 
chlorosilane is described. The conversion of the 
styrylsilane (II) to the corresponding epoxide (III) 
is also included. In addition, details are given for 
the preparation of Winslow’s alcohol (IV) in

C IL CH ^  // Cl i Mg tetrahvrlrofuran

I

CHa= C H -^~ ^ -M g C I + (CHdaSiCl------*

VIII

c h 2= c h

,__________ 1____________ _; I
o

C lM g -^ ^ -S i(C H 3)3 C H :-tM j^ /-S i(C T L )3

y + NaBHi V
C H f-C -H

(1) Present address: Propulsion Dept., Missile and Space 
Division, Lockheed Aircraft Corp., Palo Alto, Calif.

(2) F. H. Winslow. U. S. Patent 2,642,415, June 16, 
1953.

(3) D. W. Lewis, J. Org. Chem., 23, 1893 (1958).
(4) J. R. Leebrick and H. E. Ramsden, J. Org. Chem.,

23,935(1958).

crystalline form by the reduction of 4-trimethyl- 
silylacetophenone6'6 as well as from p-d¡chloro
benzene instead of the more expensive p-dibromo 
compound.

A number of attempts were made to prepare the 
analogous difunctional compounds, di(4-styryl)- 
dimethylsilane and di(4-epoxyethyl)dimethylsilane. 
Reaction of 4-styrylmagnesium chloride (VIII) 
with dimethyldichlorosilane appears to proceed 
normally, but attempts to isolate the product 
invariably led to polymer formation.

Reduction of di(4-acetylphenyl)dimethjdsilane 
to the dialcohol, followed by dehydration, was next 
attempted. Although the reduction proceeded 
smoothly, attempts to dehydrate the dialcohol led 
to splitting of the silicon-phenyl bond.

In a previous paper from this laboratory, the use 
of 2-(4’-bromophenyl)-2-methyl-l,3-dioxolane as a 
reagent for the introduction of the 4-acetylphenyl 
group into silanes was described.6 During the 
present work, we have discovered that the 1,3- 
dioxolane (ketal) structure is more stable than 
anticipated. Depending on the method of working 
up the Grignard product, it is possible to isolate 
pure ketals, pure ketones, or mixtures of these com
pounds. When water is used to decompose the Gri
gnard product from trimethylchlorosilane, a ketal 
can be isolated. Treatment of this Grignard product 
with dilute hydrochloric acid in the cold yields a 
mixture of ketal and ketone. Use of hydrochloric 
acid plus gentle heat yields the ketone. Treatment 
of the difunc'ional Grignard product derived from 
dimethyldichlorosilane with water to yield the 
diketal proceeds smoothly. Acid treatment of this 
Grignard product, designed to split the ketal groups, 
yields a mixture of ketal, ketone, and decomposition 
products which is difficult to purify. After purifica-

(5) P. J. Campagna and H. W. Post, J. Org. Chem., 19, 
1753(1954).

(6) R. G. Neville, J. Org. Chem., 24, 111 (1959).
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tion, however, the diketal can be hydrolyzed to the 
diketone readily. Compounds previously identified 
as ketones6 have been shown to be largely ketals, 
containing enough ketonic impurities to account for 
the formation of the derivatives described. In the 
Experimental section, the physical properties of 
both ketals and ketones are given.

E X P E R IM E N T A L 7

2-(4'-Trimethylsilylphenyl)-2-methyl-l,3-dioxolane. The 
reaction between the Grignard reagent of 2-(4'-bromophen- 
yl)-2-methyl-l,3-dioxolane and trimethylchlorosilane has 
been previously described.6 The reaction mixture was poured 
over cracked ice, the organic layer separated,8 washed with 
water, dried over sodium sulfate, and distilled to give a liquid, 
b.p. 150-190°/2.5 mm. in 59% yield. I t crystallized in the 
receiver and after recrystallization from isopropanol melted 
at 59-60°. The material previously described,6 m.p. 41°, 
was apparently this compound with some ketone as an im
purity.

Anal. Calcd. for CisIToChSi: C, 66.05; H, 8.53; Si, 11.88. 
Found: C, 66.00; H, 8.25; Si, 11.68.

The infrared spectrum showed a ketal doublet9 at 1075 
and 1030 cm.-1, no absorption in the carbonyl region at 
1680 cm.-1, p-substitution band at 820 cm.-1, and tri- 
methylsilyl bands at 756, 836, and 1250 cm.-1

4-Trimethylsilylacetophenone, (V).6’6 Twenty-seven g. of 
the ketal was dissolved in 150 ml. of methanol and 30 ml. of 
concentrated hydrochloric acid. After 0.5 hr. 400 ml. of 
water was added and the product taken up in benzene. 
After washing and drying over sodium sulfate, distillation 
yielded 11.6 g. (53%) of liquid, b.p. 93-95°/1.5 mm., n2D5° = 
1.5178, which solidified at 11°, showing a strong carbonyl 
band at 1680 cm.-1; ¡»-substitution at 818 cm.-1; trimethyl- 
silyl bands at 760, 842, and 1248 cm.-1; Si-C6H5 at 1112 and 
1382 cm.-1

l'-(4-Trimethylsilylphenyl)ethanol, (IV). (a). By reduction: 
To 10 g. (0.052 mole) of 4-trimethylsilylacetophenone in 40 
ml. of methanol was added a solution of 2.3 g. (0.060 mole) 
of sodium borohydride in 20 ml. of methanol, maintaining 
the temperature at 25-30°. After 20 hr. 300 ml. of 2% hydro
chloric acid was added. The product was taken up in ether, 
washed with water, dried, and distilled to yield 7.2 g. (72%) 
of carbinol, b.p. 110-lll°/4.5 mm. The product crystallized 
on cooling to give a solid. A sample redistilled for analysis 
melted at 46-47°.

Anal. Calcd. for CnHiS0  Si: C, 67.98; H, 9.34; Si, 14.45. 
Found: C, 68.09; H, 9.32; Si, 14.59.

The infrared spectrum showed an associated O—H 
stretch, strong at 3333 cm.-1; p-substitution at 823 cm.-1; 
trimethylsilyl bands at 760, 846, 1250 cm.-1; Si-C6H5 at 
l l l la n d  1390 cm.-1

(b) By the Grignard synthesis: 4-Chlorophenyltrimethyl- 
silane,10 synthesized from p-dichlorobenzene and trimethyl
chlorosilane by a Grignard reaction in tetrahydrofuran,

(7) Melting points are uncorrected. Potassium bromide 
pellets were used in the determination of spectra of solids, 
and thin films in the case of liquids. Distillations were car
ried out in standard taper glassware without distilling col
umns.

(8) Following the suggestion of Dr. Thomas Waugh, 
Arapahoe Chemicals, Inc., we have found the addition of 
the disodium salt of ethylenediaminetetraacetic acid to be 
very helpful in breaking the persistent emulsions that fre
quently result from the use of tetrahydrofuran as a Grignard 
solvent.

(9) H. O. House and J. W. Blaker, J. Org. Chem., 23, 335 
(1958).

(10) H. E. Ramsden and S. D. Rosenberg, British Patent 
795,772, May 28, 1958.

was converted to the Grignard reagent in tetrahydrofuran, 
a 20% excess of acetaldehyde vapor was swept into the 
solution, and after refluxing 1 hr. and working up as usual, 
a liquid, b.p. 156-61°/25 mm. was isolated in 50% yield. 
The infrared spectrum of the liquid product was identical 
with that of the solid described above. Unless the 4-chloro- 
phenyltrimethylsilane used was carefully fractionated, a 
solid, m.p. 92-93°, distilled as a forerun. This was shown to 
be p-di(trimethylsilyl)benzene by its infrared spectrum and 
melting point,11 and was presumed to have arisen as a by
product in the preparation of 4-chlorophenyltrimethylsilane 
from p-dichlorobenzene.

4-Trimethylsilylstyrene, (II). (a) By dehydration. l'-(4- 
Trimethylsilylphenyl)ethanol, (IV), was dehydrated by the 
potassium bisulfate method,12 utilizing a pressure of 25 
mm. and a bath temperature of 240°. Upon redistillation, 
after a forerun, b.p. 60-85°/25 mm., the product was ob
tained in 43% yield as a colorless liquid, b.p. 117-126°/25 
mm.,n2D5° = 1.5253.

Anal. Calcd. for CnHi6Si: C, 74.92; H, 9.15. Found: 
C, 75.07; H, 9.18.

The infrared spectrum showed conjugated vinyl at 1636 
cm.-1= C H 2; deformation at 908 cm.-1; p-substitution at 
826 cm.-1, trimethylsilyl bands at 756-763 (doublet), 846, 
and 1250 cm.-1; Si-C6H5 at 1107 and 1392 cm.-1

(6). By the Grignard synthesis. p-Chlorophenylmethyl- 
carbinol4 was dehydrated to p-chlorostyrene in 68% yield 
by dripping slowly through a 15-in. column packed with 8- 
14 mesh alumina at 300° and 60-mm. pressure. To the Grig
nard reagent4 from 84.0 g. (0.60 mole) of the p-chlorostyrene 
was added a solution of 58.8 g. (0.54 mole) of trimethylchloro
silane in 225 ml. of tetrahydrofuran so that the solution 
refluxed. After 15 min. of additional reflux 1 g. of hydro- 
quinone was added and the mixture stirred 1 hr. The mix
ture was poured over cracked ice, and the organic layer 
separated, washed with water, dried with sodium sulfate, 
and distilled to yield 58.5 g. (62%) of liquid, b.p. 120- 
136°/25 mm., n2D5° = 1.5218,2 with an infrared spectrum 
identical with that of the above dehydration product.

4-Epoxyethylphenyltrimethylsilane, (III). At 0° 600 ml. 
(0.30 mole) of a 0.5M benzene solution of perbenzoic acid13 
was added to 49.2 g. (0.28 mole) of 4-trimethylsilylstyrene 
in 300 ml. of benzene. After the peroxide titer had fallen 
to a constant value (20 hr.), the solution was washed acid 
free with cold sodium carbonate solution, washed with 
water, dried with sodium sulfate, and distilled to yield 25.5 
g. (50%) of a liquid, b.p. 105-108°/8 mm., n2Ds° = 1.5150.

Anal. Calcd. for CnHi6OSi: C, 68.69; H, 8.39; epoxide 
equivalent 192. Found: C, 68.85; H, 8.44; epoxide equiva
lent 215.14

Di-\4-{2'-methyi-1 ’,3’-dioxolyl-2')-phenyl]dimethyhilane. 
This is the compound previously reported6 to be the ketone. 
An analytical sample recrvstallized from isopropanol melted 
at 132-133°.

Anal. Calcd. for C2,H280 4Si: C, 68.71; H, 7.34; Si 7.31. 
Found: C, 68.50; H, 7.09; Si, 7.44.

The infrared spectrum showed a ketal doublet at 1032 
and 1075 cm.-1; no absorption in the carbonyl region at 
1680 cm.-1; p-substitution at 826 cm.-1; =Si(CH3)2 bands 
at 815 and 1252 cm.-1; Si-C6H6 at 1116 and 1382 cm.-1

Di{4-acetylphenyl)dimethylsilane. To 157 g. (0.361 mole) 
of recrystallized ketal dissolved in 4.8 1. of methanol was 
added 800 ml. of concentrated hydrochloric acid. After

(11) H. A. Cook, British Patent 671,553, May 7, 1952.
(12) E. C. Ilornung, Org. Syntheses, Coll. Vol. Ill, 204 

(1955).
(13) H. Gilman and A. H. Blatt, Org. Syntheses, Coll. 

Vol. I, 2nd ed., 431 (1951).
(14) By the pyridine hydrochloride method, method 7, 

page 136, from J. L. Jungnickel, et al. in Organic Analysis, 
Vol. I, Interscience, New York, 1953. This method gives 
slightly high results with styrene oxides due to acid-catalyzed 
rearrangement to acetyl compounds.
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stirring 0.5 hr., the solution was poured into 15 1. of water, 
and the product extracted with three portions of benzene. 
Removal of the solvent left an oil which readily crystallized, 
yield 105 g. (87%). An analytical sample, reerystallized 
from isopropanol and methanol melted at 77.5-78.0°.

Anal. Calcd. for CiglRoCbSi: C, 72.93; H, 6.80; Si, 9.48. 
Found: C, 72.63; H, 6.67; Si, 9.28.

The infrared spectrum showed a strong carbonyl band 
at 1680 cm.-1; p-substitution at 842 cm.-1; =Si(CH3)2 
bands at 818 and 1248 cm.-1; Si-CcHs at 1112 and 1382 
cm.-1

Di [4~(1 '-hydroxyethyl)phenyl \dimethylsilane. The sodium 
borohydride reduction of the diketone to the dialcohol pro
ceeded as described above. Removal of the solvent yielded 
91% of an oil which readily crystallized. An analytical 
sample, reerystallized from isopropanol, melted at 97-98°.

Anal. Calcd. for CigERAiSi: C, 71.95; H, 8.05; Si, 9.35. 
Found: C, 71.47; H, 8.19; Si, 9.78.

The infrared spectrum showed an associated O—H stretch 
strong at 3280 cm.-1; p-substitution at 843 cm.-1; =Si- 
(CH3)2 at 816 and 1252 cm.-1; Si-C6H5 at 1112 and 1390 
cm.-1

Attempted preparation of di(4-styryl)dimethylsilane. (a). 
By dehydration. Attempts to use the phosphorus pentoxide 
dehydration of Gilman et al.,16 led to polymer formation. 
After passing the dialcohol over alumina at either 300° or

(15) H. Gilman, D. Aoki, and D. Wittenberg, J. Am. 
Chem. Soc., 81, 1107 (1954).

400° and 1 mm. pressure, only styrene, in the form of styrene 
dibromide, could be isolated from the products.

(6) By Grignard synthesis. A vigorous reaction took place 
on the addition of dimethyldichlorosilane to 4-styn*lmag- 
nesium chloride. Occasionally the reaction mixture poly
merized to a rubbery mass at this stage. With carefully 
purified reagents, and addition of an antioxidant, the reac
tion mixture could be worked up as usual, so that solvent 
removal yielded a fluid liquid. Attempts to distill this mate
rial alone or with polymerization inhibitors led to immediate 
polymerization. The crude product consumed approximately 
50% °f the calculated amount of perbenzoic acid but no 
diepoxide could be isolated from the reaction. Addition of 
bromine produced a crystalline material, m.p. 134-135°, 
which had the following analysis: C, 41.12; H, 3.69; Br, 
55.28%. In view of the apparent absence of silicon in this 
product, and the known case of cleavage of the phenyl- 
silicon bond by bromine,16 this was not investigated further.
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(16) R. Benkeser and A. Torkelson, J. Am. Chem. Soc.,
76, 1252(1954).
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Trimethyl(iso)cyanogermane, on the basis of its infrared spectrum and its physical and chemical properties consists of an 
equilibrium mixture of the normal and the isocyano isomers. I t reacts with sulfur, forming trimethylisothiocyanatogermane, 
and with boron trifluoride to give (CH3)3GeCN-BF3. Trimethyltin (iso)cyanide has properties consistent with its formulation 
as a highly polar cyanide. It reacts with sulfur, giving trimethyltin thiocyanate, and does not form an adduct with boron 
trifluoride. The preparation of trimethyl(iso)cyanogermane and trimethyltin (ise)cyanide is described.

Trimethyl (iso) cyanosilane could hare the nor
mal cyanide structure, I, or the isocyanide structure 
II.

(C H ,),S i-C =N (I) (CH,)aSi-N=C(II)

The question of the correct structure has been the 
subject of much discussion in recent years2-7 
and it is now assumed, on the basis of infrared6 * 
and chemica 4 5l3'6 studies, that “trimethyl (iso)

(1) The “(iso)cyano” and “(iso)evanide” nomenclature 
used in this paper has no structural implications when the 
iso prefix is in parentheses and merely indicates the presence 
of the CN and/or the NC grouping.

(2) C. Eaborn, J. Chem. Soc., 2757 (1949); 3077 (1950).
(3) J. J. McBride and H. C. Beachell, J. Am. Chem. Soc., 

74, 5247 (1952); J. Chem. Phys., 28, 991 (1958).
(4) J. Goubeau and J. Reeling, Z. anorg. u. allgem. Chem., 

294,92(1958).
(5) R. Linton and E. R. Nixon, J. Chem. Phys., 28, 990 

(1958).
(6) T. A. Bither, W. H. Knoth, Jr., R. V. Lindsey, Jr.,

and W. H. .Sharkey, Am. Chem. Soc., 80, 4151 (1958),

cyanosilane” consists of an equilibrium mixture 
of trimethylcyanosilane and trimethylisocyanosil- 
ane, the former isomer predominating at room tem
perature. We report here the results of an investiga
tion concerning the preparation and properties of 
the germanium and tin analogs of trimethyl (iso) - 
cyanosilane: trimethyl(iso)eyanogermane and tri
methyltin (iso) cyanide.

Trimethyl (iso) cyanogermane. Tet ra (iso) cyanoger- 
mane has been described,6'8 as has (iso)cyanoger
mane.9 No convincing proof was given for the postu
lated isocyanide structure of the latter. Two or- 
ganogermanium (iso)cvanides, triethyl- and tri-n-

(7) (a) E. C. Evers, W. O. Freitag, J. X. Keith, W. A. 
Kriner, A. G. MacDiarmid, and S. Sujishi, Technical Report 
Xo. 3, Contract Xonr-551(21), October 1958 (AD-204,665);
(b) Technical Report No. 4, October 1958 (AD-214,968);
(c) Technical Report No. 5, October 1958 (AD-204,664).

(8) W. Menzer, Angew. Chem., 70, 656 (1958).
(9) S. Sujishi and J. N. Keith, Abstracts of Papers pre

sented at the 134th A.C.S. Meeting, Chicago, September, 
1958, p. 44-N.
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propjTl(iso)cyanogcrmane, have been reported,10 
but tiie question of their structure was not consid
ered.

We used the method described3 for the prepara
tion of trimethyl(iso)cyanosi]anc in our synthesis of 
the germanium analog. Both chemical and physical 
properties of the germanium compound paralleled 
closely those reported for trimethyl(iso)cyanosil- 
ane.3 Reaction with sulfur gave trimethylisothio- 
cyanatogermane, (CH3)3GeNCS. This reaction, 
while being indicative of the presence of the (iso)- 
cyanide structure, does not distinguish between 
the possibilities that the compound may be wholly 
the isocyanide, or that it may consist of an equi
librium mixture of both normal and isocyanide iso
mers. A comparison of the infrared spectrum of tri- 
methyl(iso)cyanogermane with that of the analo
gous silicon compound (Fig. 1) showed that the 
germane also consists of a mixture of both isomers. 
The strong band at 2198 cm.-1 in the spectrum of 
trimethyl(iso)cyanosilane has been assigned to the 
normal cyanide stretching frequency, while the 
weak band at 2105 cm.-1 was assigned to the iso
cyanide bond.6 The optical density of the C =N  
band was about 4.5 times as great as that of the 
N = C  band; these data were interpreted6 as indi
cating that the normal cyano isomer predominates 
in a mixture of both isomers. The spectrum of 
trimethyl(iso)cyanogermane is quite similar, with 
a strong band at 2197 cm.-1 and a much weaker 
absorption at 2100 cm.-1, and the same interpre
tation, predominance of (CH3)3Ge— C = N  in a 
mixture of both isomers, may be given in this case. 
However, on the basis of the available evidence, 
we do not consider the problem of the structures of 
trimethyl (iso) cyanosilane and trimethyl (iso) cyano- 
germane settled satisfactorily, and further experi
mental evidence seems desirable.

While sulfur appears to react only with the iso- 
cyanogermane in the mixture, continuously dis
placing the equilibrium (CH3)3Ge—C ^ N  ^  
(CH3)3Ge—N = C  to the right, boron trifluoride 
apparently reacts wTith both isomers. When tri- 
methyl(iso)cyanogermane and boron trifluoride 
diethyl etherate were mixed, stable, readily sublim
able, white, crystalline (CH3)3GeCN-BF3 resulted. 
Its infrared spectrum showed two strong bands of 
about equal intensity at 2270 and 2230 cm.-1 
and a weak band at 2105 cm.-1 The cause of the 
2270-2230 cm.-1 doublet is not known, but the 
presence of bands in the C = N  and N = C  region 
suggests the tentative conclusion that both isomers 
act as donor molecules with boron trifluoride, and 
that formation of the N—B link results in an in
crease in the stretching frequency of the CssN bond. 
It may be noted that organic nitriles, such as aceto
nitrile,11 form 1:1 adducts vrith boron trifluoride.

(10) H. H. Anderson, J. Am. Chem. Soc., 73, 5439 (1951).
(11) A. W. Laubengaver and D. S. Sears, J. Am. Chem.

Soc., 67 ,164(1945).

Fig. 1. Infrared spectra of trimethyl(iso)cyanosilanc 
(liquid smear) and trimethyl(iso)cyanogermane (chloroform 
solution)

Their infrared spectra have been examined.12 80 
An increase in the C = N  stretching frequency 
similar to the one observed by us was noted when 
acetonitrile (rc=N = 2248 cm.-1) formed an adduct 
with boron trifluoride ( j>c =»n  = 2359 cm.-1). 
Also, a second band in the C s N  region was ob
served in the case of the acetonitrile adduct. 
On the other hand, we found that organic isonitriles, 
such as ethyl and ¿erf-butyl isonitrile, react with 
boron trifluoride to form brown tars, probably 
polymerization products of the isonitrile. Even a 
catalytic quantity of boron trifluoride etherate 
seemed sufficient to cause polymerization of ethyl 
isonitrile. In contrast to trimethyl (iso) cyanoger- 
mane, trimethyl (iso) cyanosilane reacts with boron 
trifluoride to give trimethylfluorosilane and poly
meric (BF2CN)t as final products.7fa These appar
ently result from the decomposition of the initially 
formed, unstable (CH3)3SiCN-BF3. (Iso)cyanosilane 
and (iso)cyanogermane show a similar difference in 
their behavior toward boron triufloride, (iso)- 
cyanosilane giving monofluorosilane,7b and (iso)- 
cyanogermane yielding the stable adduct Hs- 
GeCNBF3.9

Trimethyltin(iso) cyanide. The first organotin 
(iso) cyanide, triethyl tin (iso) cyanide, was prepared

(12) H. J. Coerver and C. Curran, J. Am. Chem. Soc.,
80, 3522 (1958).
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by Cahours13 one hundred years ago by the re
action of silver cyanide with triethyltin bromide, 
and since then by other investigators14-16 using 
different methods. We obtained trimethyltin (iso)- 
cyanide, a new compound, by two different pro
cedures: by the silver cyanide method, using ben
zene as a solvent, and by the reaction of aqueous 
potassium cyanide with trimethyltin iodide in 
ether, a procedure reported by Luijten and van 
der Kerk.15 The products obtained by both methods 
were shown to be identical. Trimethyltin (iso)- 
cyanide also reacts with sulfur, incorporating one 
atom of sulfur into the molecule. However, its 
physical properties indicate that it is much more 
polar than the silicon and germanium analogs, 
and therefore this reaction cannot be taken as con
clusive evidence for the presence of the isocyanide 
structure, since it is known16 that ionic cyanides 
react readily with sulfur at higher temperatures 
to form thiocyanates. Indeed, the trimethyltin- 
(iso) cyanide-sulfur product was identical with 
trimethyltin thiocyanate prepared from trimethyl
tin chloride and sodium thiocyanate in ethanol. 
Additional indirect evidence that in the case of 
trimethyltin (iso) cyanide we are dealing with a 
molecule of much less covalent character is given 
by its failure to form a molecular addition com
pound with boron trifluoride. The infrared spectrum 
of trimethyltin (iso) cyanide shows one band in the 
C = N  region at 2175 cm.-1 and none in the iso- 
cyanide region. This does not permit us to distin
guish between a covalent and a highly polar cya
nide, nor does the absence of a second band in the 
N = C  region allow us to rule out the possible 
presence in very low equilibrium concentration of 
an (iso) cyanide isomer. Indeed, the isolation in 
very low yield of (CH3)3Sn—N = C —Fe(CO)4 from 
the reaction of trimethyltin (iso)cyanide with iron 
pentacarbonyl showed that at least at 100° some 
(CH3)3Sn—N = C  was present.17“ However, the 
chemical and physical properties of trimethyltin 
(iso) cyanide are more in line with those of a highly 
polar compound, (CH3)3Sns+-CNs~, rather than 
those of a mixture of covalent isomers as in the 
case of the analogous silicon and germanium com
pounds. Evidence obtained by others also points to 
a polar cyanide structure for organotin cyanides. 
Thus, the preparation of triethyltin (iso)cyanide 
using the action of aqueous potassium cyanide on 
triethyltin bromide16 is not consistent with the 
hydrolytically sensitive covalent isocyanide struc-

(13) A. Cahours, Ann., 114, 364 (1860); 122, 50 (1862).
(14) (a) H. iï. Anderson and J. Vasta, J. Org. Chem., 

19, 1300 (1954); (b) H. H. Anderson, J. Org. Chem., 19, 1766
(1954).

(15) J. G. A. Luijten and G. J. M. van der Kerk, J. 
Appl. Chem. {London), 6, 49 (1956).

(16) N. V. Sidgwiek, The Chemical Elements and 'l'heir 
Compounds, Oxford University Press, 1950, p. 675.

(17a) D. Seyferth and N. Kahlen, J. Am. Chem. Soc., 82, 
1080(1960).

ture. Also the report by Beermann and Iiartmann17b 
that triphenyl tin (iso) cyanide in liquid ammonia 
forms weak complexes with cyanide ion of the type 
Na[(C6H5)3Sn(CN)2] speaks for an ionic or at least 
highly polar structure for organotin cyanides.

This difference between seemingly analogous 
compounds of silicon and germanium on one hand, 
and of tin on the other is not unusual. A few ex
amples may serve to illustrate this point. Thus it 
has been found18 that the carbonyl stretching fre
quency in the infrared spectrum of organosilicon 
acetates is at 1715 cm.-1, only slightly lower than 
the analogous absorption in organic esters. On the 
other hand, the carbonyl frequency in organotin 
esters is found in the region characteristic for 
acetate salts (1580 cm.-1). As other examples may 
be cited the great difference in physical and chemi
cal properties of organosilicon19 and organotin20 
fluorides, the differences in the reactivity of organo
silicon and organotin hydrides,21 and the hydrolytic 
behavior of dimethyldichlorosilane,22 dimethyldi- 
chlorogermane,23 and dimethyltin dichloride.24

E X P E R IM E N T A L 25

Starling materials. Trimethyliodogermane. The method of 
Lesbre and Mazerolles26 was used in this preparation. To 
41 g . (0.309 mole) of tetramethylgermane in a three necked 
flask equipped with a stirrer, a Dry Ice condenser, and a 
thermometer, was added 78.3 g. (0.309 mole) of iodine and 
1 g. of aluminum powder. An exothermic reaction com
menced. The temperature was kept at 40° by external cool
ing, and the reaction mixture was stirred at this temperature 
for 5 hr. In this time the originally brown solution became 
nearly colorless. Filtration was followed by fractional dis
tillation to give methyl iodide and 60.5 g. (80%) of tri
methyliodogermane, b.p. 57-57.5° at 55 mm., n2£ 1.5159.

Anal. Calcd. for C3H9IGe: C, 14.73; H, 3.71. Found: 
C, 14.56; H, 3.68.

The colorless iodide was very light sensitive, rapidly be
coming yellow on standing in daylight.

Trimethyltin iodide was prepared by iodine cleavage of 
tetramethyltin in benzene solution, using a previously

(17b) C. Beermann and H. Hartmann, Z. anorg. u. allgem.
Chem., 276,20(1954).

(18) J. P. Freeman, J. Am. Chem. Soc., 80, 5954 (1958).
(19) E. G. Rochow, An Introduction to the Chemistry of the 

Silicones, 2nd Edition, John Wiley and Sons, Inc., New 
York, N. Y., 1951, p. 52.

(20) E. Krause, Ber., 51, 1447 (1918).
(21) J. G. Noltes and G. J. M. van der Kerk, Function

ally Substituted Organotin Compounds, Tin Research Insti
tute, Greenford, England, 1958, p. 19.

(22) Ref. (19), p. 53.
(23) E. G. Rochow and A. L. Allred, J. Am. Chem. Soc., 

77,4489(1955).
(24) E. G. Rochow and D. Seyferth, J. Am. Chem. Soc., 

75,2877(1953).
(25) Microanalyses were performed by the Schwarzkopf 

Microanalytical Laboratory, Woodside, N. Y. Melting 
points and boiling points are uncorrected. Infrared spectra 
were determined using a Perkin-Elmer model 21 spectro
photometer. All reactions were carried out in S3'stems pro
tected from atmospheric moisture by Drierite-filled drying 
tubes.

(26) M. Lesbre and P. Mazerolles, Compt. rend., 246, 
1708(1958).
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described27 method. Distillation gave an 88.3% yield of 
(GH3)3SnI, b.p. 69-70° at 14 mm.

Preparation of the (iso)cyanides. Trimethyl(iso)cyanoger- 
mane. To a stirred solution of 58.5 g. (0 239 mole) of tri- 
metlrvliodogermane in 220 cc. of dry benzene was added in 
portions during 0.5 hr. 50 g. (0.37 mole) of dry silver cjumide. 
A mildly exothermic reaction, accompanied by formation of 
yellow silver iodide, was observed. The mixture was heated 
at reflux for 2.5 hr., cooled, and filtered. The residue was 
washed well with benzene, and the washings added to the 
filtrate. After removal of the benzene, distillation of the re
maining liquid resulted in a fraction boiling at 150° which 
crystallized immediately. The, translucent white needles, m.p. 
38-38.5°, thus obtained liquefied immediately when in con
tact with moist air. They were soluble in ether, chloroform, 
and acetone. Yield: 24.2 g. (70.5%).

Anal. Calcd. for C4H9NGe: C, 33.43; H, 6.31; N, 9.75. 
Found: C, 33.66; H, 6.39; N, 9.66.

Trimelhyltin (iso)cyanide. In a similar manner 42.5 g. 
(0.32 mole) of silver cyanide was added to a solution of 78.5 
g. (0.27 mole) of trimethjdtin iodide in 400 cc. benzene. The 
mixture was refluxed for 3 hr. and stirred at room tempera
ture overnight. Filtration was followed bjr washing of the 
residue with benzene. The combined filtrate and washings 
were evaporated, giving 4 g. of white solid. Extraction of the 
filtration residue in a Soxhlet extractor with chloroform 
gave very light yellow solid. Recrystallization from chloro
form of both solid fractions resulted in 31.5 g. (61.5%) of 
trimethyltin (iso)cy'anide, m.p. 184.5-186° (in a sealed 
tube filled with nitrogen).

Anal. Calcd. for C4H9NSn: C, 25.31; II, 4.78; N, 7.38; 
.Sn, 62.54. Found: C, 25.11; H, 4.98; N, 7.59; Sn, 62.51. 
Trimethyltin (iso)c3ranide is sparingly soluble in benzene 
and ether, soluble in chloroform and very soluble in acetone. 
The substance has a distinctly unpleasant odor, but less 
intense than that of its germanium analog.

The method of Luijten and van der Kerk16 was also used 
to prepare this compound. Four grams (20%) of white 
needles of trimethyltin (iso)cyanide, which after recrys
tallization from a chloroform-ether mixture melted at 183- 
184.5°, were obtained from 0.1 mole trimethyltin iodide. 
Mixed melting point with trimethyltin (iso)cyanide pre
pared by the silver cyanide method: 183°.

Anal. Found: C, 24.90; H, 4.77; N, 7.26.
Infrared spectra of both samples, measured in chloroform 

solution, were superimposable.
Reactions with sulfur. Trimelhyl(iso)cyanogermane. Nine 

grams (0.063 mole) of trimethyl(iso)cyanogermane was 
heated to 170° under nitrogen and 2.02 g. (0.063 mole) of 
sulfur wras added, small portions at a time. After each addi
tion the sulfur was allowed to dissolve completely before the 
next portion was added. During 5 hr. the temperature was 
increased to 185°. A clear, colorless liquid remained upon 
completion of the reaction. Distillation gave 10 g. (90.5%) of 
trimethylisothiocyanatogermane, b.p. 64-66° at 3 mm.,
191.5-193° at atmospheric pressure, n2D2 1.4960. A small 
amount of sulfur remained as a distillation residue.

Anal. Calcd. for C4H9NSGe: C, 27.96; H, 5.16: X, 7.97; 
S, 18.23. Found: C, 27.45; H, 5.36; N, 8.26; S, 18.06.

Since it has been shown conclusively that the product of 
the reaction between trimethyl(iso)eyanosilane and sulfur 
is trimethylisothiocyanatosilane,28 it was assumed that our 
product w as trimethylisothiocyanatogermane.

Trimethyltin (iso)cyanide. Sulfur (0.450 g., 0.014 mole)

(27) D. Seyferth, ./. Org. Chem., 22, 1599 (1957).
(28) J. Goubeau and J. Reyling, Z. anorg. u. allgem.

Chem., 294, 96 (1958).

and trimethylin (ino)cyanide (2.5 g., 0.0133 mole) wrere 
heated under nitrogen for 1 hr. at 150-160°. The melt slowly 
darkened and a brown solid deposited. The cooled reaction 
mixture was extracted wrell with chloroform. Evaporation 
of the solvent and recrystallization of the residue from ben
zene gave 1.5 g. (51%) of white needles of trimethyltin 
thiocyanate, m.p. 105.5-106°. Sublimation raised the m.p. 
to 108.5°.

Anal. Calcd. for C4H9NSSn: C, 21.65; H, 4.09; N, 6.31; 
S, 14.44. Found: C, 21.82; H, 4.05; N, 6.26; S, 14.28.

Trimethyltin. thiocyanate. A method previously described29 * 77 
was used to prepare trimethyltin thiocyanate in 86% yield 
from trimethyltin chloride. Recrystallization from benzene 
followed by sublimation at reduced pressure gave pure 
material, m.p. 108-108.5°.

Anal. Found: C, 21.83; H, 4.04; N, 6.45; S, 14.68.
The compound obtained from the trimethyltin (iso)- 

cyanide-sulfur reaction was shown to be identical with the 
product from this reaction by mixed melting point 108°. 
The infrared spectra of both compounds, measured in 
chloroform solution, were identical in all respects. Tri- 
mcthyltin thiocyanate is easily soluble in chloroform and 
acetone, difficultly soluble in ether.

Reactions with boron trifluoride. Trimethyl{iso)cyanoger- 
mane. A solution of 1.2 g. (8.35 millimoles) of trimethyl- 
(iso)cyanogermane in 1.19 g. (8.35 millimoles) of redistilled 
boron trifluoride diethyl etherate wap allowed to stand at 
room temperature for 2 hr. The ether then was removed in 
vacuo at 25°, leaving a residue of white crystalline (CH3)3- 
GeCN-BF3. The compound, m.p. 85-87° (sealed tube, 
under nitrogen) sublimes readily in vacuo at 40°, is soluble 
in acetone and ether, less soluble in benzene, and immedi
ately liquefies in moist air. Yield: 1.5 g. (85%).

Anal. Calcd. for C4H9F3NBGe: C, 22.71; H, 4.29; N, 6.62. 
Found: C, 22.81; H, 4.47; N, 6.74.

The compound’s infrared spectrum wras measured in 
chloroform solution.

Trimethyltin (isc)cyanide. To 1 g. (5.3 millimoles) of tri
methyltin (iso)cyanide wras added 3 g. (21 millimoles) of 
boron trifluoride ciethyl etherate. The tin compound dis
solved completely. The solution was evaporated after 4 
hr., leaving as residue only unchanged trimethyltin (iso)- 
eyanide. The same experiment carried out at 70° during 12 
hr. resulted in decomposition of the tin compound, giving a 
viscous brown oil.

Ethyl isonitrile. Seven-tenths grams of ethyl isonitrile 
(0,013 mole) was cooled with liquid nitrogen and then 
allowed to warm slowly. At its melting point, 1.2 g. of boron 
trifluoride diethyl etherate was added. An immediate, exo
thermic reaction resulted in a brown tar. A similar tar forma
tion was observed when a drop of boron trifluoride diethyl 
etherate was adder; to a dilute solution of ethyl isonitrile in 
benzene. ierCButyl isonitrile reacted in a similar fashion, 
but not as vigorously. These reactions were not investigated 
further.
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T h erm ally  S tab le H ydrocarbon P o ly m ers: P o ly terep h th a ly lid en es
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Polymers containing terephthalylidene repeating units were prepared by condensation polymerization employing the 
Knoevenagel reaction. Thermal stabilities of the polymers were interpreted on ohe basis of weight loss data and the change 
in the infrared spectra on pyrolysis. Thermal degradation a t 550° resulted in a weight loss of less than 30% and the forma
tion of a stable polymeric residue.

The current approach to the preparation of ther
mally stable plastics is to synthesize polymers 
with repeating units analogous in structure to 
compounds known or even thought to be thermally 
stable.1 This approach necessitates the use of re
actions which have not been sufficiently character
ized to be satisfactorily applied to the formation of 
high molecular weight polymers. The main ob
jective of this analogy approach, however, is to 
carry out the polymerization only to the point at 
which the polymeric products are nonvolatile and 
suitable for thermal degradation studies without 
attempting to achieve the degree of polymeriza
tion necessary for the realization of adequate 
stress-strain properties.

With the exception of polytetrafluoroethylene 
(Teflon), all linear polymers which have backbones 
consisting of only carbon-carbon bonds and which 
are prepared by addition polymerization of olefinic 
monomers are thermally unstable far below the 
present goal of 500°.2 This instability is due to the 
thermodynamic reversibility of addition poly
merization.3 Kinetically, this instability is probably 
facilitated by the close energy couple characteristic 
of the elimination of a monomer unit from the radi
cal end of a pyrolyzing polymer chain.4 That is, 
the endothermic cleavage of the sigma bond in the 
chain is probably facilitated by the exothermic 
coupling of the two unpaired electrons remaining 
to form the pi bond in the monomer eliminated, as 
follows:
It, It, It, It,

\  /  \  /

R, K, ^

R ^ I L
—- a -it.,

c
i
it.

+ / - c \  
It, R,

Condensation polymers cannot regenerate mono
mers on thermal degradation and, therefore, a 
close energy couple rarely exists. Accepting this 
characteristic and considering bond strengths, it

(1) C. S. Marvel and J. H. Rassweiler, J .  A m .  C h em . 
S o c ., 80,1197(1958).

(2) N. Grassie, T h e  C h e m is tr y  o f  H ig h  P o ly m e r  D eg ra d a 
t io n  P rocesses , Butterworth Scientific Publications, London 
(1956).

(3) F. S. Dainton and K. J. Ivin, P ro c . R o y . S o c . (L o n d o n ) 
A . ,  212,207(1952).

(4) II. E .  Remick, E le c tro n ic  I n te r  p re lo tio n s  o f  O rg a n ic
C h e m is try , John \\ iley & Sons, Now York, 1950, ]>. 522.

should be possible to prepare by condensation 
polymerization a polymer with an all carbon-carbon 
backbone which would be kinetically stable above 
500°. Several nonvinyl, hydrocarbon polymers have 
been studied from this point of view including 
polyphenylene,5 5 6 7 8 9 10 11 12 13 14 15 16 17 18~7 poly-p-xylene,8-n phenol-form
aldehyde polymers,12 polybenzyl13' 16 and a poly
meric Diels-Alder adduct.16 These polymers were 
reported to be thermally stable up to temperatures 
ranging from a low of approximately 350° for poly
benzyl to a high of 550° for polyphenylene. In 
the present stud}-, condensation polymerizations 
employing the Knoevenagel reaction were applied 
to the preparation of poly terephthalylidene, I, 
and polycyanoterephthalylidene, II.

These polymers were of interest because pure com
pounds of this basic structure prepared by unequiv
ocal synthetic routes were reported to be stable 
above 3 5 0 ° .I7-18 Attempts were made to prepare

(5) G. A. Edwards and G. Goldfinger, J .  P o ly m e r  S c i . ,  
16,589(1955).

(6) M. Hellmann, A. J. Bilbo, and W. J. Rummer, J .  
J . A m .  C h em . S o c ., 77, 3650 (1955).

(7) C. S. Marvel and G. E. Hartzell, J .  A m .  C h em . S o c ., 
81,448(1959).

(8) J. R. Schaefgen, J .  P o ly m e r  S c i . , 1 5 , 203 (1955).
(9) L. A. Errede and M. Szwarc, Q u a r t. R e v s . { L o n d o n ) ,  

12,301(1958).
(10) H. Mark and G. S. Whitby, C ollected  P a p e r s  o f  W a l

lace H .  C a ro lh ers on  H ig h  P o ly m e r ic  S u b s ta n c e s , Interscience 
Publishers, Inc. New York, 1940, p. 97.

(11) S. D. S. Shinkle, U. S. Patent 2 ,0 1 6 ,0 2 6  (4935).
(12) G. E. Dodson, R esea rch  a n d  E n g in e e r in g , No. 1, 22 

(January 1957).
(13) H. C. Haas, D. I. Livingston, and M. Saunders, J .  

P o ly m e r  S c i . , 15 , 503 (1955).
(14) R. A. Gibbons, M. N. Gibbons, and M. L. Wolfrom, 

J .  A m .  C h em . S o c ., 77, 6374 (1955).
(15) G. S. Kolesnikov, V. V. Iiorshak, and T. V. Smer- 

nova, Izv e s t . A h a d .  N a u k .  S .  S .  S .  R .,  O tde l K h im .  N a u k . ,  
1478 (1957); C h em . A b s tr . , 52 , 7220h

(16) W. J. Bailey, P. B. Rept. 121360, “Elastomer Re
search and Development, Vol. I ,” U. S. Dept, of Commerce, 
( Iffice of Technical Services, 1956, p. 37.

(17) J. Schmitt, J. Boitard, M. Suqnet, and P. Comoy, 
C o m p t. R e n d ., 242, 649 (1956).

(18) G. Drcfahl and G. Plotner, C h em . B e r ., 91, 1274 
(1958).
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TABLE I
S o l u t i o n  P o l y m e r i z a t i o n  o f  T e r e p h t h a l a l d e h y d e  a n d  B e n z e n e - 1 , 4 - d i a c e t o n i t r i l e

Polymerization Catalyst
Reaction

Temp.
Color of 

Polymer
Empirical
Formula"

Aldehyde
Content''

Decomposition
Temp.
In Air

A Sodium methoxidc 25-78 Orange C20H13N2O2.4 5-10%c 440-480
B Piperidine 25-78 Yellow C18H11N2O1.I d —
C Sodium ethoxide 5 Orange c 18h „n 2o 5 - 1 0 %' 500-510

— — Rust C2„.6H13NîOo.6ff — 480

0 Theoretical formula for linear polymer: Ci8HioN2. 6 By infrared analysis. c Ratio of C =C —CN to C—C—CN approxi
mately 30 to 1 by infrared analysis; approximately 25% crystalline by x-ray diffraction. d No —OH or —C— C—CN by 
infrared analysis. e No —OH or —C—C—CN by infrared analysis; approximately 25% crystalline by x-ray diffraction. 
!  Polymer from C after extraction with boiling quinoline. 0 Equivalent to an average degree of polymerization of four by 
assuming two aldehyde end groups per chain or a number-average molecular weight of approximately 1200.

polymer I by the self-condensation of p-tolualde- 
hyde. Polymer II was prepared by the copolymeri
zation of terephthalaldehyde and benzene-1,4- 
diacetonitrile:19-21

O H C H ^ > - C H O - ( - N C C H 2- < ^ > - C I I . . ( ’N — II

Results. The solution polymerization of ter- 
ephthalaldebryde and benzene-1,4-diacetonitrile re
sulted in the formation of a brightly colored, in
soluble, infusible product. Sodium ethoxide, sodium 
mcthoxide and piperidine proved to be effective 
catalysts and absolute ethanol was found to be the 
best solvent for the reaction. Equimolar mixtures 
of the monomers with these catalysts gave the 
polymeric products listed in Table I.

All polymeric products obtained were found to be 
infusible below the decomposition point and in
soluble in a wide variety of solvents at the boiling 
point, including pyridine, nitrobenzene, dimethyl 
sulfoxide, n-butylaniline, 1-methyl naphthalene, 
m-cresol, p-chloroaniline, anthracene, dibenzofuran, 
quinoline, concentrated sulfuric acid, orthophos- 
phoric acid, and concentrated aqueous zinc chlo
ride. A fluorescence spectrum was obtained for 
polymer A of Table I. The fluorescence spectrum 
of this polymer contained only one band centered 
at about 5800 A. A low molecular weight analog 
of polycyanoterephthalylidene, prepared from benz- 
aldehyde and benzene-1,4-diacetonitrile, fluoresced 
with a pale blue color and a broad band centered 
at about 4800 A. This compound, benzene 1,4- 
bis(a-benzoacetonitrile), was readily soluble in 
warm benzene and nitrobenzene.

Fusion polymerizations of terephthalaldehyde 
and benzene-1,4-diacetonitrile also gave infusible 
and insoluble products. These products ranged from 
light cream, to red, to black in color.

p-Tolualdehyde could not be polymerized in 
absolute ethanol solution or in mass using sodium 
ethoxide, pyridine, or piperidine as catalyst. 19 20 21

(19) L. F. Ficser and M. M. Pechet, J. Am. Clicm. Soc., 
68,2577(1910).

(20) H. KaufTmann, H er., 523 (1917).
(21) S. Wawzonek and E. M . Smolin ,  D ry. S y n th e s e s ,  

Coll. Vol. I ll, 715 (1955).

Fig. 1. Thermal gravimetric analyses of (a) polymer C 
of Table I, (b) polymer D of Table I, (c) polytetrafluoroethyl- 
ene; weight loss vs. :ime under nitrogen

In both types of reactions, p-toluic acid was the 
principal product.

Thermal degradation studies were made on 
polycyanoterephthalylidene before and after ex
traction with boiling quinoline. Measurements 
were made on the rate of volatilization in a stream 
of nitrogen at consecutive temperatures of 450°, 
500°, and 550° for polymers C and D and for 
Teflon for comparison, as Teflon is the most stable 
high polymer containing an all carbon backbone. 
The results obtained are plotted in Fig. 1. X-ray 
diffraction patterns and infrared spectra were ob
tained for polycyanoterephthalylidenes before and 
after pyrolysis. The infrared spectra of the original 
extracted polymer D and of this polymer after 
pyrolysis at 450°, 500°, and 550° consecutively, 
are shown in Fig. 2. The x-ray diffraction patterns 
showed that the crystallinity present in the original 
polymer disappeared completely on pyrolysis at 
450°.

Discussion. Several of the polymeric products 
obtained from the polymerization of terephthal
aldehyde and benzene-1,4-diacetonitrile, Table I, 
had empirical formulas very close to that of the 
desired repeating unit in polycyanoterephthalyli
dene, II. The oxygen present appeared to be mostly 
in the form of aldehyde end groups. Infrared
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Fig. 2. Infrared spectra of polycyanotercphtlialvlidenes: 
(a) polymer C of Table I, (b) same pyrolyzed at 450°, (c) 
same pyrolyzed at 500°, (d) same pyrolyzed a t 550°, (Nujol 
mulls)

spectroscopic analysis showed that only a very 
small fraction of the nitrile groups present were on 
saturated carbon atoms, indicating that the de
hydration step went essentially to completion in 
these reactions and that only negligible amounts of 
hydroxyl groups were present in the polymers 
obtained.

The insolubility and infusibility of all of the 
polymeric materials prepared from both the solu
tion and fusion polymerizations of these monomers 
suggests that extensive cross-linking occurred in 
these polymerizations, even though a fairly high 
order of crystallinity was observed for the poly
mers. It would not have been surprising, in fact, 
for the functional groups present in these monomers 
to have undergone several different t3rpes of side 
reactions. Under the conditions used, reactions 
which would have led to branching and cross- 
linking include the Michael addition of hydroxyl 
or benzylic groups to double bonds in the chain, 
the Thorpe reaction of these two groups with nitrile 
functions, and the cyclization of nitrile groups to 
form trifunctional triazine rings. Other side re

actions may have resulted in the formation of 
thermally-labile linkages especially ester groups, 
from a Cannizzaro reaction, and carbon-carbon 
single bonds. Various catalysts, solvents, and re
action temperatures were studied to eliminate or 
minimize the branching reactions, but in no case 
was a soluble polymer obtained. The importance 
of the Cannizzaro reaction is readily apparent 
from the results of the polymerization studies on 
p-tolualdehyde. The only product isolated in both 
the solution and fusion runs was p-toluic acid 
even when a weak base, piperidine, was used as the 
catalyst.

Thermal stability. The thermal gravimetric 
analyses are presented in the plot of per cent loss 
in weight vs. time in Fig. 1. These curves indicate 
that polycyanoterephthalylidene was fairly resistant 
to thermal degradation. Teflon showed very little 
weight loss (1 to 2%) after one hour at 450°, but 
rapid decomposition occurred at 500° and complete 
volatilization ensued at 550°. Polycyanotereph
thalylidene, on the other hand, showed a 15 to 20% 
loss after one hour at 450°, an additional 7 to 12% 
loss during one hour at 500°, but only an addi
tional 2 to 3% loss after thirty minutes at 550°.

It would not have been possible for this polymer 
to “unzip” to monomer units or even to any con
ceivable, simple mixture of low molecular weight, 
organic products. Volatilization can, therefore, be 
attributed to one or more of the following effects:
(1) low molecular weight polymers were vola
tilized leaving the high molecular weight fraction 
of the original polymer; or (2) weak links, built into 
the polymer chain or pendant to the chain by side 
reactions, were cleaved, forming volatile polymer 
fragments or other volatile species, leaving again 
high molecular weight fragments of the original 
polymer; or (3) the normal repeating units were 
being randomly degraded thermally, but the de
gradation products were largely recombining to 
form a more stable network structure before com
plete volatilization occurred.

The infrared spectrum of the original polymer 
was compared with the spectra after heating the 
polymer at 450°, 500°, and 550°. The infrared 
spectra of the material heated at 450° and 500° 
were essentially the same, but had changed con
siderably when compared to the spectrum of the 
original. The spectrum of the material heated to550° 
indicated that extensive chemical change had oc
curred on pjTolysis. Considering both weight loss 
data and the infrared spectra of the polymer samples 
after successive heat treatments at 450°, 500°, and 
550°, the following mechanisms for thermal deg
radation are offered.

Compariscn of the spectra of the original poly
mer and the polymer heated at 450° indicates 
that a considerable change in the composition of 
the polymer had taken place. The weight loss ob
served at this temperature, therefore, can not be
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attributed only to the volatilization of low molecu
lar weight polymer, but probably occurred as a 
result of a chemical or structural changes in the 
polymer. These changes could have been caused 
either by scission of weak links originally present 
in the skeletal structure of the polymer or by 
thermal decomposition of the normal repeating 
units through ionic or radical attack, or both. 
The original polymer, for example, showed no 
indication from infrared analysis of containing 
hydroxyl groups, but the polymers heated at 450° 
and 500° did contain small amounts of these groups.

Comparison of the spectra of the samples heated 
at 450° and 500° indicates that basically little 
change in composition had occurred between these 
two temperatures even though a 7 to 12% weight 
loss was observed. This result indicates that most 
of the weight loss at 500° can be attributed to the 
volatilization of low molecular weight fragments 
which were formed by chemical reactions occurring 
at or below 450°.

The infrared spectrum of the polymer heated at 
550° shows that at that temperature a drastic 
change had occurred in the molecular structure of 
the polymer. This material no longer contained 
measurable amounts of hydroxyl groups, nitrile 
groups, carbonyl groups, or olefinic double bonds. 
Closer inspection of all four spectra indicates that 
actually, the olefin and nitrile groups had been 
disappearing gradually when the polymers were 
heated to 450° and 500°. It is quite possible that 
these changes were caused by attack of the pendant 
nitrile group on the benzene ring with either, or 
both, of the following eyclizations occurring: 
1. SE reaction:

Either reaction would have resulted in the aro- 
matization of the repeating units in the polymer, 
the first with the formation of iminoindene groups 
and the second with the formation of quinoline 
groups. The occurrence of these reactions is indi
cated, rather convincingly, by the significant in
crease in intensity of the infrared band at 11.4 
microns associated with the presence of lone aro
matic hydrogen atoms and the continuous, until

complete, disappearance of the band at 11.9-12.2 
microns for p-phenylene groups.

These reactions should have resulted in the for
mation of polymeric residues of considerably en
hanced thermal stability. The curve in Fig. 1 
for the extracted polymer indeed indicates that the 
residue obtained after heating the polymer at 
550° had considerably improved thermal stability 
over the original polymer. This material showed a 
weight loss of only 2% after thirty minutes at 
550°.

EX PER IM EN TA L

T ere p h lh a la ld eh y d e . p-Xylcne was photobrominated to the 
tetrabromo derivative and hydrolyzed with dilute sulfuric 
acid by the procedure of Snell and Wcissberger.22 An over
all yield of recrystallized product of approximately 35% 
was obtained, m.p. 111-112.5°.

A n a l .  Calcd. for C8H60>: C, 71.5; H, 4.51. Found: C, 
71.45; H, 4.46.

B e n ze n e -1 ,4 -d ia c e lo n itr ile . Three-tenths mole (58 g.) of 
«,«'-dichloro-p-.xylene (Eastman Kodak Co.) was dissolved 
in 350 cc. of 95% ethyl alcohol in a flask and heated to 50°. 
To this was added dropwise a solution of 0.77 mole (51 g.) 
of potassium cyanide in 110 cc. of water over a period of 30 
min. The solution was then heated at reflux for 90 min. 
after which the ethyl alcohol was removed by distillation. 
The residue was combined with COO cc. of ether and 1 1. of 
water in a separatory funnel, the ether layer was removed, 
and the water layer was extracted with three 100-cc. por
tions of ether. The ether layers were combined and the 
ether was removed by vacuum distillation on a steam bath. 
The residue was recrystallized from 95% ethyl alcohol: 
vield 16 g. (34.1%); m.p. 96-96.5°.

A n a l .  Calcd. for Ci0H8N2: C, 76.9; H, 5.13; X, 17.9. 
Found: C, 76.79; H, 4.90; N, 17.87.

P o ly c y a n o te re p h th a ly lid e n e . S o d iu m  m e th o x id e  c a ta ly s is . 
To a solution of 1.56 g. (0.01 mole) of benzene-1,4-diaceto- 
nitrile and 1.34 g. (0.01 mole) of terephthalaldehyde in 200 
ml. of ethanol was added dropwise with stirring a solution 
of 1.5 g. (0.0278 mole) of sodium methoxide (Fisher Scien
tific Co.) in 25 ml. of ethanol. The color of the reaction mix
ture changed from clear to bright orange during the addi
tion, and after approximately 15 ml. of the catalyst solution 
had been added a solid precipitate commenced to form. 
After addition was complete, the solution was heated to 
boiling and solvent was distilled off a t a slow, steady rate. 
Concurrently and a t approximately the same rate, additional 
solvent was added dropwise until 250 ml. of solvent had 
been distilled over a period of approximately 6 hr. The pre
cipitate was collected, washed with ethanol and ether, and 
dried in a vacuum oven.

Infrared analysis of a Nujol mull of the polymer indicated 
the presence of approximately 5-10% aldehyde, up to 5% 
hydroxyl, and a ratio of unsaturated —C = C —CN to satu
rated —C—C—CN of approximately 30 to 1.

A n a l . Calcd. for the repeating unit Ci8H10N2: C, 85.03; H, 
3.94; N, 11.03. Found: C, 74.34; H, 3.98; N, 8.71.

P ip e r id in e  c a ta ly s is . The polymerization was performed as 
above but 0.09 g. (0.001 mole) of freshly distilled piperidine 
was used as the catalyst. A yield of 0.90 g. (35.4%) of a 
yellow solid was obtained. Infrared analysis of a Nujol mull 
of the polymer did not indicate any Irydroxyl or saturated 
—C—C—CN present.

A n a l .  Found: C, 77.85; II, 4.38; N, 8.97.
S o d iu m  e th o x id e  c a ta ly s is . The catalyst was prepared by 

the addition of 0.20 g. (0.0087 mole) of sodium to 50 ml. of 
ethanol. This solution was added dropwise to a solution of

(22) J. M. Snell and A. Weissberger, O rg. S y n th e s e s , Coll. 
Vol. Ill, 788 (1955).
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2.00 g. (0.015 mole) of terephthalaldehyde and 2.33 g. 
(0.015 mole) of benzene-1,4-diaeetonitrile in 250 ml. of 
ethanol held at 5° under an atmosphere of nitrogen. When 
approximately 10 ml. of the catalyst solution had been added 
the reaction mixture became yellow in color and an orange- 
yellow solid began to precipitate. Stirring was continued for 
approximately 16 hr. a t 5° then the orange, solid product 
was filtered, washed with ethanol and ether, and dried in a 
vacuum oven. Infrared analysis of a Nujol mull indicated 
the absence of saturated —C—C—CN and hydroxyl groups 
and the presence of 5-10% aldehyde groups.

A n a l . Found: C, 79.32; H, 4.02; N, 10.28.
Two fusion polymerizations were run or. this monomer 

system using sodium methoxide as the catalyst and no 
solvent. In both experiments, the equimolar monomer mix
ture was first heated in a sealed glass ampoule under nitro
gen. The ampoule was then opened and heating was con
tinued a t atmospheric pressure under a stream of nitrogen.

P o li/le re p h th a h d id e n c . The self-condensation of p-tolualde- 
hvde was attempted by both solution and mass polymeri
zations as above. Sodium ethoxide, pyridine, and piperidine 
were used as catalysts and absolute ethanol as the solvent 
in the solution runs.

T h e r m a l d e c o m p o s itio n  m e a su re m e n ts . Thermal decom
position measurements were made on polymers C and D and 
on Teflon for comparison. A tubular electric furnace and a 
chainomatic balance were incorporated into an apparatus 
constructed for thermal gravimetric analysis. The polymers 
were pyrolyzed under a nitrogen atmosphere.
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B iseste ram ides o f Te re p h th a lic  Acid

J. L. R. WILLIAMS, T. M. LAAKSO, K. It. DUNHAM, D. G. BORDEN,
J. VanDenBERGHE, J. A. VanALLAN, and D. D. REYNOLDS

R ece ived  N o v em b er I S ,  1 9 5 9

A general synthesis for a new class of bisesteramides I has been devised. Terephthalic esters were hydrolyzed to the 
ester acids and converted to the acid chlorides which, when treated with the diamine and base, 3'ielded the bisesteramides. 
Alternate syntheses for specific esteramides are also discussed.

During the investigation of a new class of poly
esters, it became necessary to prepare a series of 
esteramides of the type I.

R t h C - O c O N I R C I K )  hNHCO X ^ H U R  
I

The terephthalic esters (II) were hydrolyzed to 
the ester acid (III), which, in turn, was converted 
to the acid chloride (IV) with thionyl chloride.1 
Reaction of two moles of IV with one mole of an 
aliphatic diamine (V) in the presence of a base 
gave the required esteramide, I.

V

The physical constants and analytical data for the 
bis(4-carboalkoxybenzoyl)alkylenediamines which 
have been prepared by this method are collected 
in Table I. Three derivatives of secondary amines 
are appended at the end of the table. * 113

(1) J. B. Cohen and H. S. DePennington, J .  Chern. S o c .,
113, 57 (1918).

The required dialkyl terephthalates (II) were 
prepared by ester interchange from dimethyl ter- 
ephthalate and the appropriate alcohol using titan
ium tetrabutoxide as a catalyst.

Formation of the esteramide, I, from IV and V 
was carried out, using either pyridine or aqueous 
sodium hydroxide as the acid-acceptor. The latter 
method was preferred since the use of pyridine led 
to the formation of colored by-products.

An alternate synthesis of the six carbon ester
amides I (n = 6) was accomplished by the follow
ing isocyanate method:

I

Where R, = C-.IR, a yield of 71% was obtained.
During the preparation of A>V'-bis(p-carbo- 

methoxybenzoyl) hexamethylenediamine, I (n = 
6 ; R = CH-), a high-melting impurity was iso
lated. Its formation was favored by long reaction 
times, high temperatures, and excess isocyanate. 
The high-melting by-product was more evident 
during a reaction time of fourteen minutes at 225° 
than at 175° for an hour and a half. Table II sum
marizes the reaction conditions and yields of various 
run in a number of solvents.
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TABLE I
./V,.V'-Bis(4-carboalkoxybenzoyl)alk ylen ed ia m ines

R '0 2C - ^ ^ > - C 0 N R (C H 2)„N R C 0—̂ ^ - C 0 2R' 

I

Analyses
Yield, M.P., Empirical Caled. Found

n R R ' Compound % °C. Formulas C H N C H N

0 H i - C4H 9 N , N  '-Bis( p-carboisobutoxyben- 88.2 180-181 C24H28N2O6 65.5 6.4 6.4 65.1 6.4 6.4
zoyl)hydrazine

2 H c h 3 N ,  A'-Bislp-carbomethoxyben- 
zoyl)ethylenediamine 

N , N ' - B i s (  p-carbethoxy benzoyl )-

69 247-248 C22H24JS 2O6 64.2 5.8 6.8 64.5 6.1 7.3

2 H c 2h 6 69 247-249 c 22h 24n 2o 6 64.2 5.8 6.8 64.2 6.1 7.3
ethylenediamine

2 H 7í-C4H 9 N , N  '-Bis( p-carbobutoxy benzoyl )- 
ethylenediamine 

N ,  N  '-Bis( p-carboisobutoxyben-

92.6 211-212 c 26h 30n 2o 6 66.7 6.9 6.0 67.1 7.1 5.8

2 H t-C4H» 96.5 194-195 C26H30N2O6 66.7 6.9 6.0 07.1 6.8 5.8
zoyl)ethylenediamine

3 H î-C4H 9 A,A'-Bis(p-carboisobutoxyben- 
zoyl)trimethylenediamine 

N ,N '- B i a (  p-carbomethoxyben-

85.6 176-177 c 27h 34n 2o 6 67.2 7.0 7.8 67.4 7.2 7.9

4 H c h 3 75.7 255-256 022-H.26N206 64.3 5.8 6.8 64.1 6.1 7.2
zoyl)tetramethylenediamine

5 H Í-C4H» N , N  '-Bis( p-carboisobutoxyben- 86.5 140-141 C29H3SJN206 68.3 7.4 5.5 68.4 7.3 5.6
zoyl)pentamethylenediamine

6 II c h 3 A,A'-Bis(p-carbomethoxyben- 
zoyl )hexamet hylenediamine 

N ,  N  '-Bis( p-carbethoxj’benzoyl )-

63.0 232-233 024H28ÍN206 65.4 6.4 6.4 65.8 6.1 6.2

6 H c 2h 5 88.8 207-208 C/26IÍÍ22ÍN2O6 66.7 6.8 5.9 67.0 7.1 5.9
hexamethylenediamine

6 H r-C4H 9 N ,  N  '-Bis( p-carbobutoxybenzoyl)- 94 188-189 C30H40N2Oe 68.7 7.6 5.4 68.8 7.8 5.3
hexamethylenediamine

6 H l c 4h 9 A, A '-Bis(p-carboisobutoxyben- 80 165-166 C30H40ÍN2O6 68.7 7.6 5.4 69.0 7.9 5.3
zoyl)hexamethylenediamine

c h 3 z-C4H9 AT,A''-Dimethvl-.V,A''-bis(p-carbo- 51 138-139 ^28^31 N2Ü6 67.7 7.2 5.6 67.3 6.8 5.3
isobutoxy benzoyl )ethylene- 
diamine

c h 3 i-C4H 9 A',iV '-Dimethyl-.V, N  '-bis( p-carbo- 71 81-82 C32H4 9̂S 2O6 69.5 7.8 5.1 69.6 8.1 5.4
isobutoxybenzojd)hexameth-
ylenediamine

c h 3 N ,  N  '-Bis( p-carbomethoxyben- 56.1 230-231 ^ 22̂ 122̂ 2 6̂ 04.5 5.3 6.8 64.9 4.9 7.1
zojd)piperazine

TABLE II
B isisocyanate P reparation  of Ar,A''-Bis(p-CARBOMETH- 

oxybenzoyl)h ex a m eth y len ed ia m in e

Run

Temper
ature,

°C.
Time,
min. Solvent

Yield,
%

1 215 20 None 56
2 215 60 None 53
3 215 90 None 33
4 215 150 None 40
5 175 90 None 50
6 175 45 Dimethylformamide 12
7 175 60 Chlorobenzene 35
8 175 60 m-Dichlo robenzene 62-65
9 175 60 re-Octane <2

10 175 60 Dow ethylbenzenes 65
11 175 135 Dioxane 3
12 175 60 Dimetlrylaniline 44

Although Dow diethylbenzene mixture was 
shown to be the preferred reaction medium, the 
reaction temperature remained critical. The di
isocyanate method is more satisfactory for the 
preparation of AI,Al'-bis(p-carbethoxybenzoyl)- 
hexamethylenediamine [I (n = 6 ; R = C2H5)]

and iV,./V'-bis(p-carbobutoxybenzoyl)hexamethyl- 
enediamine [I (n — 6; R = n-C4II<j) ] than for the 
higher-melting V,V'-bis(p-carbomethoxybenzoyl)- 
hexamethylenediamine [I (n = 6 ; R = CH3)], 
since the latter must be prepared at temperatures 
in excess of 200°, a region where secondary reac
tions occur. Attempts to prepare 7V,7V'-bis(p-car- 
boisobutoxybenzoyl)hexamethylenediamine [I ( n  
= 6 ; R = ¿-C4H 9 ) ] from the diisocyanate failed to 
produce the desired product.

Two other methods for making the amides [I (n 
= 6 ; R = Ì-C4H9 and n = 6 ; R = C2H5)] directly 
from the acid were investigated. The first method 
consisted in the reaction of phosphorus trichloride 
with a diamine form a reactive phosphazo deriva
tive (VII) which readily condensed with acids to 
give amides. This reaction proceeded smoothly, and 
I (n = 6 ; R = 1-C JI9) and I (n = 6 ; R = C2H5) 
have been prepared in yields of 80 to 85%.
H2N(CH2)„NH2 +  PCL — >

P = N (C H 2)„N +  2RCOOH — >-
RCONHi CFLLNHCOR

VII
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The second method consisted in preparing the 
mixed anhydride (IX) from 4-carboisobutoxy- 
benzoic acid and ethyl chlorocarbonate. This 
mixed anhydride, when treated with hexamethyl- 
enediamine, gave a 65 to 70% yield of I (n = 6 ; 
R = ¿-C4II9).

Preliminary synthetic experiments were carried 
out in the methyl and ethyl series, the intermediates 
of which were readily handled in small laboratory
sized runs. In order to take advantage of more 
favorable solubility characteristics and the result
ing ease of handling of larger-scale preparations, 
the »i-butyl and ¿-butyl systems were used in 
later preparations.

EXPERIMENTAL

p -C a rb o m e th o x y b e n zo ic  a c id  [III (R = CH3)]. To a solu
tion of 100 g. (0.52 mole) of dimethyl terephthalate [II (R = 
CH3)] in 150 ml. of refluxing methanol was added a solution 
of 32.6 g. (0.58 mole) of potassium hydroxide in 600 ml. of 
water. The saponification was completed in about 10 min. 
as evidenced by the fact that a sample of the reaction mix
ture was completely soluble in water. After the addition of 
an equal volume of water, the diluted reaction mixture was 
acidified with hydrochloric acid. The white precipitate was 
collected by filtration. The dried filter cake weighed 61.5 g. 
(65.5%). Pure III  (R = CH3), m.p. 228-230°, was obtained 
by crystallization from water.

The following acid esters were prepared in a similar fashion 
using the appropriate alcohol as the reaction medium: p -  
carbethoxybenzoic acid (III. R  =  C2H6), m.p. 169-171° 
from toluene, 74% yield; p-earboxoisobutoxybenzoic acid 
(III. R  =  i-C4H9), m.p. 153° from toluene, 69% yield; 
p-carbobutoxybenzoic acid (III, R =  re-C4H 9), m.p. 132.5- 
133.5° from toluene, 66% yield.

p -C a rb o m e th o x y b e n z o y l ch lo r id e  (IV. R =  CH3). A solution 
of 28.0 g. (0.16 mole) of I II  (R =  CH3) in 32.4 g. (0.3 mole) 
of thionyl chloride was heated under reflux for 18 hr. Dis
tillation of the reaction mixture gave 27.6 g. (89%) of IV 
(R =  CH3), b.p. 135-138°/10 mm., m.p. 54-55°. p-Carbeth- 
oxybenzoyl chloride (IV. R =  C 2H 5), m.p. 27°, b.p. 133- 
134°/6 mm.; p-carboisobutoxybenzoyl chloride (IV. R  = 
j-C4H 9), b.p. 155-157°/7 mm., m.p. 38.5° and p-carbo- 
butoxybenzoyl chloride (IV. R =  ?i-C4H9), b.p. 115-118°/ 
0.5 mm., m.p. 13.5°, n sD“ 1.5260 were prepared in a similar 
fashion.

D iis o b u ty l  te rep h th a la te  (II. R  =  i-C4H 9). In a round 
bottomed, three-necked, 22-1. flask equipped with a 100-cm. 
long by 2.5-cm. wide helices-packed column and a partial- 
takeoff head there wa,s placed 4 kg. (20.6 moles) of dimethyl 
terephthalate, 14 1. of isobutanol, and 25 ml. of titanium 
butoxide. By balancing the heat input to the mantle with 
the takeoff rate, the temperature of the distillate was main
tained a t 64-68°. After 1500 ml. of distillate was collected, 
the mantle heat was increased until the temperature reached 
105°, a t which time distillation was continued for 0.5 hr. 
The reaction mixture was cooled to 50°. The residual crude 
ester (II. R =  ¿-C4H 9) was used directly for the preparation 
of III  (R =  i-C4H 9). Dibutyl terephthalate (II. R =  C4H 9) 
was prepared in a similar fashion. Diethyl terephthalate was 
prepared according to the method of Koelsch.2

N ,N '-B is (p -c a r b o b u to x y b e n z o y l) e th y le n e d ia m in e  [I ( n  = 
2, R  =  C4H 9) ]. a. A l k a l i  m e th o d . In a 4-1. beaker equipped 
with an efficient stirrer was placed 19 g. (0.3 mole) of 95% 
ethylenediamine, 700 ml. of water, and 700 ml. of benzene. 
To the well stirred mixture was added, dropwise, one half 
of Solution A [144 g. (0.6 mole) of p-carbobutoxybenzoyl 
chloride in 150 ml. of benzene]. After 10 min., one half of

(2 ) C. F. Koelsch, O rg. S y n th e s e s , 2 6 , 96 (1946).

Fig. 1. Continuous Schotten- 
Baumann reactor

Solution B [24 g. (0.6 mole) of sodium hydroxide in 150 ml. 
of water] was added dropwise, followed by one half of the 
remainder of Solution A and then one half of the remainder 
of Solution B. The sequence was continued until the addi
tion of both solutions was completed. The viscous slurry 
was filtered and the solids washed by slurrying with 3-1. 
portions of hot water. The product, after it had been col
lected and dried, weighed 133 g. Crystallization from 1800 
ml. of butyl alcohol yielded 130 g., 92.6% of I ( n  = 2, 
R =  C4H9), m.p. 211°.

N ,N '-B is (p -c a r b e th o x y b e n z o y l)h e x a m e th y le n e d ia m in e  [I ( n  
= 6, R  = CiHs)]. b. P y r id in e  m e th o d . To a solution of 34.8 
g. (0.3 mole) of hexamethylenediamine in 500 ml. of pyridine 
was added dropwise, with stirring, 127.5 g. (0.6 mole) of 
p-carbethoxybenzoyl chloride. After the addition was com
plete, the reaction mixture was stirred for 15 min. and 
poured into an ice-water slurry. The crude product which was 
collected by filtration was crystallized from 4 1. of ethanol 
to give 125 g. (88.8%) of I  {n  =  6, R = C2H5), m.p. 207- 
208°.

N ,N '-B is ( p -c a r b o is o b u to x y b e n z o y l)h e x a m e th y le n e d ia m in e  [I 
(n =  6, R = f-C4H9)]. c. U s in g  a  c o n tin u o u s  reactor. In order 
to prepare larger quantities of this derivative, the glass 
water-jacketed reactor shown in Fig. 1 was used. The inner 
section of the reactor was 1.5 in. wide by 24 in. long, the 
upper end of which was closed wuth a rubber stopper. 
Nozzles A, B, and C, the stirrer shaft, and a thermometer 
were inserted through the stopper. The water jacket served 
to maintain the reaction temperature a t the desired level. 
Agitation was provided for mixing by the motor-driven 
shaft bearing three-bladed propellers spaced 0.5 in. apart 
along its total length. A benzene solution of IV (R =  i-C4H9) 
was injected through nozzle B while an aqueous solution of 
hexamethylenediamine and sodium hydroxide was admitted 
through nozzle C. Water was added through nozzle A at 
such a rate that the volume within the reactor remained 
constant. The reaction was immediate, and the solid product 
which settled slowly to the bottom of the vessel was with
drawn through the large-bore stopcock. Reaction solutions 
as follows were prepared: 4329 g. (18 moles) of IV (R = 
i-C4H 9) was dissolved in benzene to a total volume of 4860 
ml.; 1044 g. (9 moles) of hexamethylenediamine and 760 g. 
(18 moles) of sodium hydroxide in water to a total volume of 
9720 ml. In a typical run, the reactants were added as fol
lows: water, 15 1. per hr.; amine-alkali solution, 7.81. per hr.; 
acid chloride-benzene, 3.9 I. per hr. The agitator was rotated 
a t 100 r.p.m. in such a manner that settling of the solids was
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retarded. By operation of the above procedure at 30° for
1.5 hr., there was obtained after recrystallization from iso
butanol, 3850 g. (87%) of I (re =  6, R = ¿-G|H9), m.p. 165- 
166°.

d. M ixed , a n h y d r id e  m ethod . p-Carboisobutoxybenzoic acid,
22.2 g. (0.1 mole), was dissolved in 100 ml. of dr}- chloro
form and the solution cooled to 0°. Triethylamine, 10.1 g. 
(0.1 mole), was then added, followed by 10.8 g. (0.1 mole) 
of ethyl ehlorocarbonate. The mixture was maintained at 
0-5° for 2 hr., a t which time a solution of 5.3 g. (0.05 mole) 
of hexamethylenediamine in 30 ml. of dry chloroform was 
added. The temperature of the mixture rose rapidly to 30° 
and carbon dioxide was evolved. The reaction mixture was 
allowed to stand at 5° for 18 hr. at which time the chloro
form solution was washed with water and dilute sodium 
carbonate. The chloroform solution was dried over potassium

carbonate and distilled to give a residue, which, after crystal
lization from ethanol, gave 20 g. of I (re = 6, R = f-C4H9), 
m.p. 165-166°.

N  , N '-B is { p -c a r b e th o x y b e n z o y l)h e x a m e th y le n e d ia m in e  [I (re 
= 6; R = C2H5) . e. P h o s p h o r u s  tr ich lo r id e  m e th o d . Phos
phorus trichloride [3.25 ml.) was added slowly to 4.3 g. of 
hexamethylenediamine in 20 ml. of pyridine held a t 10°. After 
the reaction mixture was stirred for 0.5 hr. a t 20°, a solution 
of 9.3 g. of p-carbethoxvbenzoic acid in 25 ml. of warm 
pyridine was added. The reaction mixture was heated on the 
steam bath for 3 hr. after which time excess pyridine was dis
tilled a t reduced pressure. The residue was stirred sequen
tially with water, dilute sodium carbonate, and methanol to 
give 9.4 g. (82%) of T (re = 6, R = C2H5), m.p. 228-229°.

R o chester , N. Y.

[Co ntribution  from  M ellon  I n st it u t e ]

O zonolysis o f F lu o ra n th e n e 1 2 3 4

R. H. CALLIGHAN, M. F. TARKER, J r., a n d  M. H. WILT

R ece ived  N o v em b er 2 , 19 5 9

During ozonolysis, a molecule of fluoranthene is attacked by two molecules of ozone. Using aqueous sodium bicarbonate to 
decompose the active-oxygen-containing products thus formed, fluorenone-l-aldehyde was obtained in high yield along with 
lesser amounts of fluorenone-l-carboxylic acid. Fluorenone-l-carboxylic acid was obtained in high yield by peracetic acid 
oxidation of fluorenone-l-aldehyde. A near quantitative yield of the dimethyl acetal of fluorenone-l-aldehyde was obtained 
by refluxing the aldehyde in methanol in the presence of a trace of peracetic acid. Alkaline cleavage of the dimethyl acetal 
of fluorenone-l-aldehyde produced the previously unreported isodiphenaldehydic acid in excellent yield. Good yields of 
isodiphenic acid were obtained by ozone oxidation of the aldehyde-acid. Baeyer-Villiger oxidation of fluorenone-l-carboxylic 
acid produced the previously unreported l-carboxy-9-oxa-9,10-dihydrophenanthrene-10-one. The re-butvl ester of this lactone 
was also prepared and characterized.

Fluoranthene (I) reportedly has been ozonized to 
a mixture of fluorenone-l-aldehyde (II) and 
fluorenone-l-carboxylic acid (III),2-1 but the yield 
was only about 30%. In recent years, there have 
been many new developments concerning the reac
tion of ozone with organic compounds.5 It seemed 
advisable, therefore, to re-evaluate the action of 
ozone on fluoranthene in the light of new reactions 
and techniques. By analogy with the ozonolysis of 
naphthalene,6 one might expect tha~, one mole of 
fluoranthene would react readily with two moles of 
ozone to give the difficultly accessible 1-substituted 
fluorenones in high yield. This was indeed found to 
be so. It should be mentioned that a recent publica
tion by Copeland and co-workers7 (which appeared 
after the completion of our work) agrees with our

(1) Paper presented before the Division of Organic 
Chemistry, American Chemical Society, 136th Meeting, 
Atlantic City, X. J., Sept. 17, 1959.

(2) T h e  O zo n o ly s is  o f  A r o m a tic  C o m p o u n d s :  -4 L ite r a tu r e  
S u r v e y , Report No. 0181, The Coal Tar Research Associa
tion, April 12, 1957.

(3) H. Vollman, A n n . ,  531, 65 (1937).
(4) I. G. Farbenindustrie A. G., British Patent 472,167, 

Sept. 14, 1937.
(5) Philip S. Bailey, C h em . R ev ., 58, 925 (T958).
(6) P. S. Bailey and F. J. Garcia-Sharp, J .  O rg. C hem ., 

22, 1008(1957).
(7) P. G. Copeland, R. E. Dean, and D. McNeil, C hem .

&  I n d .  { L o n d o n ) , p. 329 (March 7, 1959).

conclusions although the experimental approach 
was different. Copeland reports an 84% yield of II 
and an 80% yield of III from the ozonolysis of 
fluoranthene in an unspecified solvent.

When a suspension of fluoranthene in anhydrous 
¿-butyl alcohol was treated with two molecular 
equivalents of ozone at room temperature, an 
orange-yellow solution resulted. Titration of the 
active oxygen showed that 93% of the theoretical 
was present in the solution. Furthermore, the 
active oxygen was present as hydroperoxide since 
a positive test was obtained using lead tetraace
tate .8 It was not hydrogen peroxide, however, be
cause a negative test was obtained with a titanium 
salt. The distinguishing test is based on the yellow- 
orange color which is developed by titanic acid in 
the presence of hydrogen peroxide but which is not 
developed with other hydroperoxides.9 Decom
position of the active-oxygen-containing solution 
by steam distillation resulted in an orange-yellow 
solid, which was a mixture of fluorenone-l-aldehyde 
(about 60%) and fluorenone-l-carboxylic acid 
(about 40%). In addition, the aqueous phase was 
found to contain glyoxal, hydrogen peroxide, and

(8) R. Criegec, Forlsc.hr. chem . F o rsch ., 1, 536 (1950).
(9) Walter C. Schumb, Charles N. Satterfield, and Ralph

L. Wentworth, A.C.S. Monograph No. 128, H y d r o g e n  
P e ro x id e , Reinhold Publishing Corporation, New York, 
1955, p. 549.
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formic acid. Glyoxal was present only in a very 
small amount and was identified by the Ariyama 
color test,10 which involves the formation of a deep 
blue color with arsenophosphotungstic acid solu
tion. Formic acid was characterized by Duclaux 
values and estimated by titration. These facts are 
presumptive evidence for the reaction sequence as 
shown.

During the ozonolysis of fluoranthene in anhy
drous ¿-butyl alcohol, the initial zwitterion inter
mediates react with the solvent to form fluorenone-
1-/-but oxymethyl hydroperoxide (la) and /-butoxy- 
formylmethyl hydroperoxide (lb). Upon steam 
distilling, these two hydroperoxides are decom
posed yielding fluorenone-l-aldehyde, glyoxal, hy
drogen peroxide, and /-butyl alcohol. The hydrogen 
peroxide which is formed oxidizes most of the 
glyoxal to produce formic acid and part of the 
fluorenone-l-aldehyde to fluorenone-l-carboxylic 
acid. The hydrogen peroxide oxidation of glyoxal to 
formic acid has been reported in the literature.11

The highest yield of fluorenone-l-aldehyde was 
obtained by ozonolysis of fluoranthene in aqueous 
/-butyl alcohol. The intermediate wTas decomposed 
by the addition of aqueous sodium bicarbonate 
soution. The insoluble fluorenone-l-aldehyde pre
cipitated and was removed by filtration. The yield 
was 77%. Distillation to remove the solvent, fol
lowed by acidification of the bicarbonate solution, 
produced fluorenone-l-carboxylic acid in 18% yield.

In methanol, ozonolysis takes the same course as 
in /-butyl alcohol but leads to some acetal forma
tion. The acetal formation appears to be catalyzed 
by peroxides, and this will be more fully discussed 
later. The weakly basic sodium bicarbonate solu
tion stabilizes the acetal, but acid hydrolysis results 
in the formation of the expected fluorenone-l-alde
hyde. A typical run in methanol produced fluore- 
none-1-aldehyde in 36% yield, the dimethyl acetal 
of fluorenone-l-aldehyde in 25% yield, and fluore- 
none-l-carboxylic acid in 30% yield.

The reaction sequence which occurs when aque
ous acetone is used as a solvent is not fully under
stood. It appears certain, however, that it is similar 
to the reaction in methanol or /-butyl alcohol since 
the same products are obtained. Aqueous acetone 
was actually the best solvent used since it dissolves 
fluoranthene more readily and thereby gives better 
ozone absorption. In a strictly commercial sense, it 
is also the cheapest of the solvents used. Using 
aqueous acetone, a 71% yield of fluorenone-1-alde
hyde was obtained along with an 11% yield of 
fluorenone-l-carboxylic acid.

Since ozonolysis of fluoranthene affords the diffi
cultly accessible 1-substituted fluorenones in good 
yield, some reactions of these materials were 
studied to determine their general utility in organic

(10) N. Ariyama, J .  B io l .  C h em ., 77, 359 (1928).
(11) J. H. Payne and G. F. Lemon, Jr., J .  A m .  C hem . 

S o c ., 63,226(1941).

vm im in

synthesis. Fluorenone-l-aldehyde has apparently 
never been prepared, except by ozonolysis of 
fluoranthene; whereas, fluorenone-l-carboxylic acid 
can be obtained from the parent hydrocarbon using 
the usual oxidants. The yields of carboxylic acid, 
however, were only of the order of 50%.12

Fluorenone-l-aldehyde undergoes some reactions 
characteristic of aromatic aldehydes readily; others 
only with difficulty or not at all. For example, at
tempts to oxidize fluorenone-l-aldehyde to the 
carboxylic acid with ozone were unsuccessful, and 
the maximum yield obtained in any solvent was 
26%. Liquid-phase air oxidation was also unsuc
cessful, but oxidation with peracetic acid gave an 
80% yield. The dimethyl acetal of fluorenone-l- 
aldehyde was formed in almost quantitative yield 
by refluxing the aldehyde in methanol in the 
presence of a catalytic amount of peracetic acid. 
Attempts to reduce the aldehyde to an alcohol by 
means of the crossed Cannizzaro reaction and 
catalytic hydrogenation were unsuccessful, and 
Meerwein-Pondorf-Verely reduction gave 1-hy- 
droxymethyl-9-fluorenol as the major product.

In his study on the opening of the ketonic ring in 
substituted fluorenones, Huntress13 subjected 
fluorenone-l-carboxylic acid to the action of potas
sium hydroxide in diphenyl ether and obtained 
both diphenic and 2-phenyl isophthalic acid. The 
reaction was not complete, however, and 15 to 25% 
of the original keto-acid was recovered from the 
mixture of fusion products. When fluorenone-l-car
boxylic acid was subjected to the action of alkali in 
diphenyl ether, a single product, isodiphenic acid, 
was obtained in 61% yield. Here, too, reaction was 
not complete, and 12% of the original keto-acid 
was recovered unchanged.

A novel way of causing the reaction to go to com
pletion was discovered. The keto-aldehyde (fluore
none-l-aldehyde) was converted into the dimethyl 
acetal. Alkaline cleavage of the dimethyl acetal 
proceeded smoothly and resulted in a 94% yield of 
the heretofore unreported isodiphenaldehydic acid.

(12) L. Fieser, J .  A m .  C h em . S o c ., 57, 2174 (1935).
(13) E. H. Huntress, J .  A m .  C h em . S o c ., 61, 1358 (1939).
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Ozone oxidation of this aldehyde-acid in ¿-butyl 
alcohol produced isodiphenic acid in 74% yield.

Baeyer-Villiger oxidation of fluorenone-l-car- 
boxylic acid at room temperature with peracetic and 
sulfuric acids for two days produced a nearly 
quantitative yield of crude l-carboxy-9-oxa-9,10- 
dihydrophenanthrene-10-one, which melted with 
decomposition above 200°. A portion of this mate
rial was recrystallized to a constant melting point 
of 244-247°. Proof of structure was accomplished 
by saponifying the product with sodium hydroxide 
and oxidizing with potassium permanganate. De
pending on whether the lactone is the 1- or 8-car- 
boxy isomer, hemimellitic or phthalic acid would be 
the expected product. Hemimellitic acid was the 
only product obtained; therefore, the lactone is the 
one-isomer. The n-butyl ester of the carboxy-lactone 
was obtained in 58% yield by refluxing the crude 
oxidation product with n-butyl alcohol and p-tolu- 
enesulfonic acid for five hours while removing 
water. The purified ester melts at 140-142°.

EXPERIMENTAL

The fluoranthene used in this work was commercial mate
rial, m.p. 110°, and was estimated to be 98 to 99.5% purity. 
The methanol, ¿-butyl alcohol, and acetone were reagents 
grade materials. All melting points are uncorrected.

The ozonator used in this research was a Welsbach Cor
poration Model T-23 laboratory ozonator operated with 115 
volt, 60 cycle current and using pure, clean, dry oxygen. 
The oxygen feed was obtained in commercial cylinders and 
dried to a t least — 60 °F. dew point with a laboratory 
“Lectrodryer” sold by the Pittsburgh Lectrodryer Corpo
ration. The reaction vessels were the usual gas-absorption 
type with the gas inlet a t the bottom, a coarse-porosity 
sealed-in fritted disk just above the inlet to disperse the in
coming gases, and the outlet a t the top. The reaction vessel 
was equipped with a mechanical or magnetic stirring device 
and a reflux condenser to return solvent from the gas 
stream. Ozone concentrations were determined with a Wels
bach Model C ozone meter or iodometrically as detailed In 
the W e lsb a ch  B a s ic  M a n u a l  o f  A p p lic a t io n s  a n d  L a b o ra to ry  
O z o n iz a tio n  T e c h n iq u e s .

I .  O z o n iz a tio n s . A .  O zo n o ly s is  o f  f lu o r a n th e n e  i n  a n h y 
d ro u s  t -b u ty l  a lcoho l to g ive f lu o r e n o n e - l-a ld e h y d e  (II). A sus
pension of fluoranthene (10.0 g., 0.0495 mole) in 200 ml. of 
anhydrous ¿-butyl alcohol was treated with approximately
2.3 weight per cent ozone (in oxygen) at room temperature 
and a flow rate of 102 1. per hr. for 96 min. Using these condi
tions, 4.96 g. (0.103 mole) of ozone (2.08 molecular equiva
lents) was passed into the reaction mixture. The resulting 
yellow-orange solution was transferred into a 250-ml. volu
metric flask and diluted to the mark wdth ¿-butyl alcohol. 
A 10-ml. aliquot was titrated for active oxygen. The total 
solution was found to contain 92.5 mmoles of active oxygen 
(theory = 99 mmoles). The solution gave a positive test 
for hydroperoxide with lead tetraacetate8 and a negative 
test for hydrogen peroxide using titanous chloride solution.8 
The ¿-butyl alcohol was removed by steam distillation, and 
the residue which remained in the flask was removed by 
filtration yielding 9.9 g. of orange solids which melted at 
152-162°. The aqueous filtrate gave the Ariyama10 color test 
for glyoxal and a positive test for hydrogen peroxide.8 
The aqueous filtrate also contained formic acid, which was 
characterized by Duclaux values. The orange solids from 
above were allowed to reflux for 1 hr. with 200 ml. of 7% 
aqueous sodium bicarbonate solution. Filtration yielded
6.6 g. (64% yield) of crude fluorenone-l-a'.dehyde, which

melted a t 169-175°. Several recrystallizations from ethanol 
raised the melting point to 193-194°.4 Upon acidification of 
the bicarbonate solution, precipitation occurred. Filtration 
yielded 3.3 g. (30% yield) of crude fluorenone-l-carboxylic 
acid, which melted at 175-183°. Several recrystallizations 
from glacial acetic acid raised the melting point to 196- 
197°.4

B .  O z o n o ly s is  o f  f lu o r a n th e n e  i n  a q u eo u s  t-b u ly l  a lcoho l to  
give f lu o r e n o n e - l-a ld e h y d e  (II). A suspension of fluoranthene 
(10.0 g., 0.0495 mole) in 200 ml. of 87.5% aqueous ¿-butyl 
alcohol was treated with approximately 2.0 weight per cent 
ozone (in oxygen) at room temperature (30°) and a flow 
rate of 102 1. per hr. for 2 hr. and 33 min. Under these condi
tions, 6.63 g. (0.138 mole) of ozone or 2.8 molecular equiva
lents were passed into the reaction mixture. The ozone ab
sorption was poor and only about 2 molecular equivalents 
of ozone was actually absorbed. After flushing with oxygen, 
the light-yellow solution was transferred into an 800-ml. 
beaker containing 300 ml. of 5% aqueous sodium bicar
bonate solution. Precipitation occurred, and the yellow solid 
was removed by filtration yielding 6.1 g. (59.2% yield) of 
fluorenone-l-aldehyde which melted a t 188-191°. Re
crystallization raised the melting point to 193-194°; lit.,4 
m.p. 194°. The filtrate was distilled to remove ¿-butyl 
alcohol. Filtration yielded an additional 1.9 g. (18.4% yield) 
of crude fluorenone-l-aldehyde, which melted a t 145-158° 
(identified by infrared spectrum). Upon acidification of the 
remaining bicarbonate solution, precipitation occurred. 
Filtration yielded 2.0 g. (18% yield) of crude fluorenone-l- 
carboxylic acid as an orange solid which melted a t 170- 
181°. Recrystallization from glacial acetic acid raised the 
melting point to 196-197°; lit.,4 m.p. 197°.

C. O z o n o ly s is  o f  f lu o r a n th e n e  i n  m e th a n o l. A solution of 
fluoranthene (10 g., 0.0495 mole) in 400 ml. of methanol was 
treated with approximately 4.3 weight per cent ozone (in 
oxygen) a t a flow rate of 34 1. per hr. a t room temperature 
(30°) for 2 hr. and 36 min. Under these conditions, 2.08 
molecular equivalents (4.95 g., 0.103 mole) of ozone was 
passed into the reaction mixture. After flushing with oxygen, 
the light-yellow solution was transferred into a 1-1. flask, 
and a mixture of 200 ml. of 7% aqueous sodium bicarbonate 
solution and 200 ml. of water was added. The methanol was 
then removed by distillation to a head temperature of 95°. 
A brown viscous oil remained in the bicarbonate solution 
and was extracted using 100 ml. of chloroform. The chloro
form was evaporated to dryness and the residue treated with 
aqueous acetone (100:50) and coned, hydrochloric acid (2 
ml.). Upon refluxing, a precipitate formed yielding 3.7 g. 
(35.9% yield) of crude fluorenone-l-aldehyde which melted 
a t 188-192°. A mixed melting point with an authentic 
sample showed no depression. Evaporation of the aqueous 
acetone yielded 3.3 g. (25% yield) of crude dimethyl acetal 
of fluorenone-l-aldehyde (identified by its infrared spec
trum). Acidification of the bicarbonate solution yielded
3.3 g. (29.7% yield) of crude fluorenone-l-carboxylic acid 
which melted at 185-190° (no depression with an authentic 
sample).

D . O zo n o ly s is  o f  f lu o ra n th e n e  i n  a q u eo u s acetone. A sus
pension of fluoranthene (60 g., 0.297 mole) in a mixture of 
acetone (800 ml.) and water (400 ml.) was treated wdth 
approximately 3.8 weight per cent ozone (in oxygen) a t a 
flow rate of 102 1. per hr. a t room temperature (30°) for 5 
hr. and 55 min. Under these conditions, 2.08 molecular 
equivalents (30.3 g., 0.62 mole) of ozone was passed into the 
reaction mixture. After flushing wdth oxygen, the light- 
yellow solution was transferred into a 4-1. beaker and 1200 
ml. of 7% aqueous sodium bicarbonate solution added. 
Precipitation occurred, and the yellow solid was removed 
by filtration, washed wdth water, and dried yielding 44.2 
g. (71.4% yield) of crude fluorenone-l-aldehyde which 
melted a t 187-191°. Recrystallization from ethanol raised 
the melting point to 193-194°; lit.,4 m.p. 194°. The filtrate 
was distilled to remove the acetone and then acidified wdth 
coned, hydrochloric acid. An orange solid precipitated and
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was removed by filtration yielding 7.2 g. (10.8% yield) of 
crude fluorenone-l-carboxylic acid which melted at 177— 
185°. Recrystallization from glacial acetic acid raised the 
melting point to 196-197°; lit.,4 m.p. 197°.

II. R e a c tio n s  in v o lv in g  the  o zo n o ly s is  p ro d u c ts  o f  f lu o ra n th e n e . 
>1. P r e p a r a t io n  o f  f lu o r e n o n e - l- c a r b o x y lic  a c id  (III). A mix
ture of crude fluorenone-l-aldehyde (10.4 g., 0.05 mole), 
glacial acetic acid (100 ml.), and Becco 40% peracetic acid 
(10 ml., 0.06 mole) was placed in a 500 ml. three-neck flask 
equipped with a mechanical stirrer and reflux condenser. 
Heat was supplied using a heating mantle, and the mixture 
was allowed to reflux for 3 hr. The mixture was transferred 
into a 400-ml. beaker and an equal volume of water added. 
Precipitation occurred, and the product was removed by 
filtration, washed with water, and dried yielding 9.8 g. 
(87.5% yield) of fluorenone-l-carboxylic acid which melted 
a t 181-189°. Recrystallization from glacial acetic acid 
raised the melting point to 197°.4

B . P r e p a r a t io n  o f  the  d im e th y l  a ce ta l o f  f lu o r e n o n e - l-a ld e 
h y d e  (IV). Recrystallized fluorenone-l-aldehyde (10 g., 
0.048 mole), methanol (500 ml.), and Becco 40% peracetic 
acid (1 ml.) were placed in a 1-1. round-bottom flask. The 
flask was fitted with a reflux condenser and the mixture 
allowed to reflux for about 12 hr. (overnight). The fluore
none-l-aldehyde went into solution after about 10 min. 
After refluxing, a mixture of aqueous 7% sodium bicarbonate 
solution (50 ml.) and water (50 ml.) was added to the mix
ture and the methanol removed by distilling to a head tem
perature of 95°. Upon cooling, the yellow oil present in the 
aqueous residue solidified. Filtration yielded 12.0 g. (98.4% 
yield) of the dimethyl acetal of fluorenone-l-aldehyde, 
which melted a t 81-82°. Recrystallization from n-heptane 
raised the melting point to 82-83°.

A n a l .  Calcd. for Ci6Hi403: C, 75.60; H, 5.52; methoxyl, 
24.40. Found: C, 75.84; H, 5.76; methoxyl, 23.88.

C . P r e p a r a t io n  o f  is o d ip h e n a ld e h y d ic  a c id  (V). A solution 
of the dimethyl acetal of fluorenone-l-aldehyde (5.0 g., 
0.0197 mole) in diphenyl ether (120 ml.) was placed in a 
500-ml. three-neck flask which had been fitted with a con
denser, stirring device, and a thermometer. Solid potassium 
hydroxide (16.0 g., 0.286 mole) was added and the flask 
heated to 160° using a heating mantle. The mixture was 
stirred vigorously during the heating, and the potassium 
hydroxide gradually went into solution. The reaction wras 
allowed to proceed for 2 hr. a t a temperature of 160-175°. 
After completion of the cleavage reaction, the mixture was 
cooled and stirred with about one half its volume of water 
until both resultant salts and excess alkali were dissolved. 
The two layers were then separated and the diphenyl ether 
layer further extracted with water. The combined aqueous 
fractions were filtered. From the pale-yellow filtrate, insol
uble acids were precipitated by acidification with coned, 
hydrochloric acid. The lighUyellow product was removed 
by filtration, washed with water, and dried yielding 4.2 g. 
(94.3% yield) of crude isodiphenaldehydic acid melting at 
104-106°. Recrystallization from an ethyl acetate-ra-hep- 
tane mixture raised the melting point to 110-111.5°.

-4nai. Calcd. for ChHI0O3: C, 74.33; H, 4.46; neut. equiv., 
226. Found: C, 73.76; II, 4.51; neut. equiv., 218.

D . P r e p a r a tio n  o f  is o d ip h e n ic  a c id  (VI). A solution of the 
crude isodiphenaldehydic acid from the previous reaction 
(2.26 g., 0.01 mole) in anhydrous ¿-butyl alcohol (100 ml.) 
was treated with approximately 3 weight per cent ozone 
(in oxygen) a t a flow rate of 34 1. per hr. at room temper

ature (30°) for 1 hr. Under these conditions, 1.4 molecular 
equivalents (0.67 g., 0.014 mole) of ozone was passed into 
the solution. After ozonization, the colorless solution was 
poured into a 500-ml. flask which contained 100 ml. of 7% 
aqueous sodium bicarbonate solution, and the ¿-butyl 
alcohol was removed by distillation to a head temperature 
of 95°. Upon acidification of the remaining bicarbonate 
solution with hydrochloric acid, precipitation occurred 
yielding 1.8 g. (74% yield) of isodiphenic acid which melted 
a t 219-221°. The reported melting point for isodiphenic 
acid is 216°.14

Neut. equiv. Calcd.: 121.0. Found: 120.2.
E .  P r e p a r a tio n  o f  l-c a r b o x y -9 -o x a -9 ,1 0 -d ih y d r o p h e n a n -  

lh ren e -1 0 -o n e  (VII). A mixture of recrystallized fluorenone- 
l-carboxylic acid (15.7 g., 0.07 mole), glacial acetic acid 
(100 ml.), and Becco 40% peracetic acid (17.5 ml., 0.11 
mole) was placed in a 250-ml. Erlenmeyer flask and the 
mixture cooled in an ice bath to 0°. Coned, sulfuric acid 
(20 ml., 0.375 mole) was added slowly and the mixture stirred 
with a magnetic stirrer. The reaction was then allowed to 
proceed a t room temperature for 72 hr. The glacial acetic 
acid was removed in a flash evaporator and the sulfuric acid 
carefully neutralized with a solution of sodium hydroxide 
(26 g.) in 260 ml. of water. Precipitation occurred, and the 
product was removed by filtration, washed with water, and 
dried yielding 16.2 g. (96.5% yield) of crude l-carboxy-9- 
oxa-9,10-dihydrophenanthrene-10-one which melted a t 214— 
231° dec. An analytical sample was prepared by repeated 
recrystallization (ethyl acetate), which raised the melting 
point to 244-247°. Proof of structure was accomplished by 
alkaline permanganate oxidation to yield hemimellitic acid, 
demonstrating that this compound was the 1- rather than 
the 8-carboxy isomer.

A n a l .  Calcd. for CnHs0 4: C, 70.0; H, 3.36; neut. equiv., 
240. Found: C, 70.49; H, 3.65; neut. equiv., 247.

F . P r e p a r a t io n  o f  the  n -b u ty l  ester o f  l - c a r b o x y -9 -o x a -9 ,1 0 -  
d ih y d r o p h e n a n th re n e -1 0 -o n e  (VIII). A mixture of crude 
l-carboxy-9-oxa-9,10-dihydrophenanthrene-10-one (9.3 g., 
0.0388 mole), n-butyl alcohol (100 ml.), toluene (100 ml.), 
and p-toluenesulfonic acid hydrate (5 g.) was placed in a 
500-ml. round bottom flask which was fitted with a reflux 
condenser and Dean Stark trap. The mixture was allowed 
to reflux until the theoretical amount of water had collected 
in the trap (5 hr.). After cooling, the solution was washed 
with 7% aqueous sodium bicarbonate (100 ml.) and twice 
with water (50 ml.). The solution was concentrated to a 
volume of about 50 ml. by evaporation, and the resulting 
precipitate was removed by filtration yielding 6.6 g. (57.8% 
yield) of crude n-butyl ester of l-carboxy-9-o.xa-9,10-dihy- 
drophenanthrene-10-one which melted a t 139-142°. Re- 
crystallization of a portion from ethyl acetate raised the melt
ing point to 140-142°. The purified product had a saponi
fication equivalent of 149 (theoretical =  148).
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Recently, Grob, Ohta, Renk, and Weiss1 re
ported an improved procedure for oxidative bis- 
decarboxylation of succinic acids to olefins.2 
Because of our interest in three-membered rings, 
we thought it would be interesting *0 apply this 
new method to glutaric acids with the hope that 
cyclopropanes would be formed. For a test system 
we prepared the two isomeric 2,3-diphenylglutaric 
acids, as both isomers can be obtained readily and 
the hoped for isomeric 1,2-diphenylcyclopropanes 
are both known.

Lead tetraacetate oxidation1 of the high melting
2,3-diphenylglutaric acid occurred smoothly, but
I , 2-diphenylcyclopropane was not obtained as a 
product. Instead, a compound (I), m.p. 110-111°, 
was obtained. The infrared spectrum of this material 
had a carbonyl band at 1787 cm.-"1, and the ma
terial dissolved slowly in hot, aqueous sodium hy
droxide and was reprecipitated unchanged on acidi
fication of the basic solution. This evidence suggests 
that monodecarboxylation has occurred with forma
tion of a 7-lactone. The same product was obtained 
when the low melting 2,3-diphenylglutaric acid was 
oxidized in the same way.

Monodecarboxylation could occur at either of 
two different positions and the resulting lactones 
could each exist in two isomeric forms. Of the four 
possible isomeric lactones two were eliminated as 
possible structures for I by reducing I with hy- 
driodic acid and red phosphorus to 3,4-diphenyl- 
butyric acid. This showed that decarboxylation 
occurred at the benzylic position rather than the 
primary one.

3,4-Diphenylbutyrolactone, m.p. 112-113°, has 
been reported previously.3 For comparison we pre
pared the lactone by reduction of desylacetic acid 
with either sodium borohydride or sodium amalgam 
in aqueous solution and then lactonization of the 
resulting hydroxy acid by warming with dilute 
aqueous acid or by heating above its melting point.

(1) (a) C. A. Grob, M. Ohta, E. Renk, and A. Weiss, 
H elv . C h im . A c ta , 41, 1191 (1958); (b) C. A. Grob, M. Ohta, 
and A. Weiss, A n y .  C h e m ., 343 (1958).

(2) (a) W. von E. Doering, M. Farber, and A. Sayigh,
J .  A m .  C h em . S o c ., 74, 4370 (1952); (b) W. von E. Doering 
and M. Finkelstein, J .  Org. C h e m ., 23, 141 (1958).

(3) F. R. Japp and G. D. Lander, J .  C h em . S o c ., 71, 154 
(1897).

The lactone (II) obtained melts at 109-110°. 
However, a mixed melting point of I and II was 
75-85°. Apparently, the two lactones are stereo
isomers.

A tentative assignment of configuration may be 
made by comparing the action of acidifying the 
sodium salts of the hydroxy acids corresponding to 
the two lactones. The salt from I gives the lactone 
spontaneously, while the salt from II gives the 
hydroxy acid. This suggests that lactone I is the 
more stable lactone; this isomer would have the 
two bulky pheny. groups trans on the lactone ring. 
Lactone II would be the less stable cis isomer. In 
the ring-opened hydroxy acids, the stability would 
be reversed if it is assumed that the bulky phenyl 
groups are the major control in determining the 
preferrred conformation, i.e., Ia and Ila corre
sponding to the lactones with Ila more stable than

C6H5
III

Ia. Additional evidence is presented by the de
carboxylation reaction where both isomers of the 
diphenylglutaric acid give the same lactone. This 
means that decarboxylation and lactone formation 
are not concerted and it suggests that whatever 
intermediate is formed has sufficient life time to 
attain the most stable conformation III (radical 
or carbonium ion). This conformation, III, should 
lead to the trans lactone. Thus, the suggested as
signment of configuration is lactone I trans and 
lactone II cis.

The infrared spectra of these two isomers is of 
some interest. That of the cis isomer shows two 
distinct carbonyl bands of about equal intensity 
at 1762 cm. - 1 and 1742 cm.-1 and the trans 
isomer although showing a sharp band at 1787 
cm.-1 has a pronounced shoulder at 1753 cm.-1 
In both cases, there is a moderately strong band 
at about one-half the carbonyl frequency, i.e., 
at 887 cm.-1 (cis) and 885 cm.-1 (trans). This 
possibly represents another example of Fermi
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resonance similar to that described by Yates and 
Williams.4

Formation of a lactone in good yield in this de
carboxylation reaction prompted us to try lead 
tetraacetate oxidation of two other five-carbon 
dibasic acids which happened to be available. 
One of these, glutaric acid, was inert under the 
conditions used and no butyrolactone was ob
tained. The other, camphoric acid, decarboxylated 
smoothly to give crude camphytolactone in 70% 
yield. This lactone Mas not purified as such, but 
Mas converted to the corresponding hydroxy acid 
M'hich was readily purified and identified. It should 
be noted that decarboxylation occurred at the 
tertiary position in preference to the secondary.

These results are in accord with those reported 
by Mosher and Kehr5 for the decomposition of 
lead IV salts of monocarboxylic acids in the presence 
of an excess of the acid. That uork indicated that 
the ease of decomposition (decarboxylation) is in 
the order III> II> I. Although the product mix
tures were complex, esters were formed, but usually 
in low yield. The high yields of lactones in the 
present M-ork is quite possibly due to the proximity 
of the second carboxyl group in the same chain.

Although we have not explored the method ap
preciably, it appears to be a useful method for 
making some types of 7-lactones (those having 
tertiary or benzylic positions for the acid group to 
lactonize xvith), especially as many methods are 
available for preparing the requisite glutaric acids.

EXPERIMENTAL6

2 ,3 -D ip h e m jlg lu ta r ic  a c id . The high melting isomer was 
prepared essentially as described by Badger, Campbell and 
Cook,7 m.p. 225-227° (lit.,7 m.p. 230-231°). This isomer 
was converted to the anhydride,7 m.p. 124-126° (lit.,7 m.p. 
125-126°), and subsequently to the low melting isomeric 
glutaric acid, m.p. 207-211° (lit.,8 m.p. 208-210°), by the 
method of Avery and Maclay.8

L e a d  te tra a ce ta te  o x id a tio n  o f  2 ,3 -d ip h e n y lg lu ta r ic  a c id . The 
procedure is essentially the same as that given in an example 
by Grob, Ohta, Renk, and Weiss.1“

A. A mixture of high melting 2,3-diphenylglutaric acid 
(3.0 g., 0.01 mole), pyridine (1.6 ml., 0.02 mole), lead tetra
acetate (4.7 g., 0.01 mole; contained a trace of acetic acid) 
and benzene (15 ml.) was stirred under nitrogen. On warm
ing, a vigorous reaction with gas evolution began when the 
bath temperature reached about 50°. When the reaction 
subsided (2-3 min.), the bath temperature was raised and 
the mixture was maintained at gentle reflux for about 1.5

(4) P. Yates and L. L. Williams, J .  A m .  C h em . S o c ., 80, 
5896 (1959).

(5) W. A. Mosher and C. L. Kehr, ./. A m .  C h em . S o c ., 
75, 3172 (1953).

(6) Melting points are not corrected. Infrared spectra 
were obtained from a Perkin-Elmer Infracord and a Baird 
Recording Infrared Spectrophotometer; the compounds 
were prepared as mulls in Xujol. The analysis was done by 
Micro-Tech Laboratories.

(7) G. M. Badger, J. E. Campbell, and J. W. Cook, 
J .  C hem . S o c ., 1084 (1949).

(8) S. Averv and W. D. Maclay, J .  A m .  C h em . S o c ., 51, 
2833 (1929).

hr. During the course of the reaction a white precipitate, 
lead acetate, formed. The mixture was cooled, decanted 
from the lead acetate, and the lead acetate was washed with 
a small amount of benzene. The combined reaction solution 
and wash was washed with 10 ml. portions of water, 2 N  
sodium carbonate, and 2.Y hydrochloric acid, and then dried 
over sodium sulfate. Removal of the benzene left a thick, 
yellowish material which crystallized readily. This was re- 
crystallized from 50% aqueous ethanol and the resulting 
white crystals, 1.8 g. (72%), melted at 107-109°. An 
analytical sample recrystallized from cyclohexane and then 
sublimed melted at 110-111°.

A n a l .  Calcd. for Ci6Hh0 2: C, 80.65; H, 5.92. Found: 
C, 80.47; H, 5 98.

The compound (I) dissolved slowly in hot, aqueous sodium 
hydroxide and was precipitated by acidification of the cooled 
basic solution. The infrared spectrum of I had a sharp band 
at 1787 cm.-1 This evidence suggested that I is a lactone.

The carbon skeleton of I was established by reduction of 
I with hydriodic acid and red phosphorus. The procedure 
was the same as described for 2,4-diphenylbutyrolactone.9
3,4-Diphenylbatyric acid, m.p. 93-95° (recrystallized from 
cyclohexane and then sublimed) (lit.,10 m.p. 95-96°), was 
obtained.

For comparison, 3,4-diphenylbutyrolactone was prepared 
from desylacenic acid in essentially quantitative yield by 
reduction with sodium borohydride or sodium amalgam in 
aqueous solution.11 The immediate product appeared to be 
the hydroxy acid, but this was readily converted to the 
lactone by warming with dilute aqueous acid, or better, 
by heating slightly above the melting point (c a . 115°) for 
several minutes. The lactone (II) obtained and purified by 
recrystallization from cyclohexane melted at 109-110° 
(lit.,3 m.p. 112-113°). A mixed melting point of I  and II 
was 75-85°. The infrared spectrum of II  has two bands of 
about equal intensity a t 1762 cm.“1 and 1742 cm.-1, and 
in general, the infrared spectra of I and II are quite dif
ferent.

B .  Lead tetraacetate oxidation of the high melting 2,3- 
diphenylglntaric acid w.as repeated as in A but with aceto
nitrile as a solvent.1“ In the workup, water and petroleum 
ether were added to the reaction mixture as described,2“ 
but the product was insoluble in both phases. After separa
tion of the product, it solidified and was then purified as in 
A to give 2.0 g. (80%) of the lactone, I. The infrared spec
trum was identical with that for the lactone prepared in A.

C. Lead tetraacetate oxidation of the low melting 2,3- 
diphenylglutaric acid was carried out as in A. The product, 
2.0 g. (80%) melted at 108-109° and its infrared spectrum 
w'as identical with that for the lactone prepared in A.

L e a d  te traace ta te  o x id a tio n  o f  g lu ta r ic  a c id . Using the same 
procedure, A, described above did not result in the forma
tion of any detectable amount of y-butyrolactone from glu
taric acid. Even while heating the reaction mixture at gentle 
reflux, gas evolution was negligible. During the workup 
with aqueous solutions a large amount of dark brown 
precipitate, probably lead dioxide, w as formed. Apparently, 
oxidation did not occur.

L e a d  te traace ta te  o x id a tio n  o f  ca m p h o r ic  a c id . The same 
procedure, A, was applied to camphoric acid; the reaction 
went smoothly, gas evolution commencing with a bath 
temperature an about 55°. In one run, the gas evolved was 
measured; 80% of the theoretical amount of monodecar-

(9) F. Bergmann, H. E. Eschinazi, and D. Shapiro, J .  
A m .  C h em . S o c ., 64, 557 (1942).

(10) 8. Ruhemann, J .  C h em . S o c ., 97, 457 (1910).
(11) The reported preparation of this lactone3 used 

desvleneacetic acid and sodium amalagam. A limited amount 
of sodium amalgam gave a mixture of desyleneacetic acid, 
desvlacetic acid, and lactone, while an excess gave only the 
lactone. I t  seems reasonable, therefore, that desylacetic 
acid is an intermediate and can be used directly to prepare 
the lactone.
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hoxylation was obtained. The crude product, a lactone 
(infrared C = 0: 1748 cm.-1), was obtained in 70% yield 
as a liquid which very slowly partially crystallized. By gas 
phase chromatography this product mixture consisted of a 
major component (>95% ) and two or possibly three trace 
components. The lactone could be sublimed, but no satis
factory melting point could be obtained.12 Saponification 
of the lactone, however, gave the readily purified hydroxy 
acid, m.p. 118-119° (recrystallized from water) lit.,12 m.p. 
118.5°).

Chandler Laboratory 
Columbia University 
N e w  York 27, N. Y.

(12) The melting point range was persistently 5-10° 
below that reported for camphytolactone. Bicyclic com
pounds of this sort are notorious for their large cryoscopie 
constants and difficulty of purification. From a published 
report [W. A. Noyes and R. S. Potter, ./. A m .  C h em . Soc., 
34, 1007 (1912)] this lactone is no exception.

T h e  R e a c t io n  o f  C e r t a in  A c id -S e n s i t iv e  
S te r o id  K e to n e s  w i th  E t h a n e d i t h i o l -  

B o ro n  t r i f lu o r id e

J erome F. E astham and George B. Miles 

R eceived  N o v em b er I S ,  1050

Recently we were successful in obtaining thio- 
ketal derivatives (I) from 4,5-dihydroxy-3-ket.o 
steroids (II) with ethanedithiol and boron tri- 
fluoride in acetic acid.1 It was somewhat surprising 
that these strongly acid conditions, originated by 
Fieser,2 gave derivative I in good yield, because the 
diolone II is easily dehydrated by acid to a dios- 
phenol (III).1 To check these conditions with 
another acid-sensitive functional arrangement, 
a thioketal derivative has been prepared from 
A6-cholesten-3-one (IV), whicli is easily isomerized 
by acid to A4-cholestenone (V). The derivative 
(VI) from the A5-isomer (IV) is distinct from the 
derivative (VII) obtained2 from the A4-isomer (V). 
The negative specific rotation of VI is in accord with 
the structure assigned.3

Attempts to prepare thioketal derivatives of two 
other acid-sensitive functional arrangements under 
boron trifluoride catalysis have met with less 
success. 5-Hydroxycoprostan-3-one (iX ) was treated 
with ethanedithiol and borontrifluoride in acetic 
acid, as a step in an attempted synthesis of the 
relatively rare monofunctional 5-hydroxy-steroids. 
Toward this end, 4,5/J-oxidocoprostan-3-one (VIII) 
was treated with the acidic reagent. The yield of 
crystalline material from each compound was very 
slight. The small amount of crystalline product

(1) J. F. Eastham, G. B. Miles, and C. A. Krauth, 
A m .  C h em . S o c ., 81, 3114 (1959).

(2) L. F. Fieser, J .  A m .  C h em . S o c ., 7 6 , 1945 (1954).
(3) C f. IV. Klyne in E. A. Braude and F. C. Naehod,

D e te r m in a tio n  o f  O rg a n ic  S tr u c tu r e s  b y  P h y s ic a l  M e th o d s,
Academic Press Inc., New York, N. Y., 1955, p. 108 ft.

from the epoxide (VIII) proved to lie the deriva
tive (VI) from A6-cholesten-3-one. The product from 
the ol-one (IX) was not fully characterized but has 
an analysis in agreement with structure X. Al
though formation of compounds VI and X from 
VIII and IX respectively is intriguing, further 
discussion of their formation seems unwarranted 
until they are obtained in significant yield.

EXPERIMENTAL

R e a c tio n  o f  A s-ch o lzs ten -3 -o n e  (IV) w ith  e th a n e d ith io l. A 
solution of 1.0 g. of A5-cholesten-3-one in 20 ml. of acetic 
acid was treated with 1 ml. of ethanedithiol and 1 ml. of 
boron trifluoride etherate. The solution was stirred for a 
few minutes and allowed to stand for 3 hr. The crystalline 
material which precipitated was filtered, washed with water, 
and recrystallized frcm ethanol. No additional crystalline 
material could be isolated from the reaction mixture. After 
recrystallization the yield of the thioketal (VI) was 0.26 
g., m.p. 162-163°, [a]2d6 —14.0° (c, in chloroform. 0.895).

A n a l .  Calcd. for C29HiSS2: C, 75.60; H, 10.50. Found: 
C, 75.48; H, 10.34.

R e a c tio n  o f  4,5 f} -o x id o co p ro s la n -S -o n e  (VIII) w ith  e th a n e 
d ith io l . A solution of 1 g. of 4,5/3-oxidocoprostan-3-one4 in 
10 ml. of acetic acid was treated with 1 ml. of ethanedithiol 
and 1 ml. of boron trifluoride etherate. Only a small amount 
of crystalline material precipitated from the reaction mix
ture. After recrystallization from ethanol, this material 
melted at 161-162° and showed no depression with A5- 
cholesten-3-one ethylene thioketal (VI).

R e a c tio n  o f  5 -h y d ro x y c o p ro s ta n -S -o n e  (IX) w ith  e th a n e 
d ith io l . To a solution of 0.38 g. of 5/3-hydroxycoprostan-3-one 
in 5 ml. of acetic acid were added 0.5 ml. of ethanedithiol 
and 0.5 ml. of boron trifluoride etherate. The solution was 
stirred and allowed to stand for several hours. The small 
amount of crystalline material which separated was collected 
and washed with water. The acetic acid was allowed to 
evaporate slowly to leave a dark oil which resisted all 
attempts at crystallization. After the crystalline material

(4) P. A. Plattner, II. Heusser, and A. B. Kulkarni, 
H elv . c h im . A c ta , 31. 1822 (1948).
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was recrystallized from methanol, it melted a t 166-168°, 
showed no absorption in the ultraviolet region, and had a 
weak, well-defined absorption at 2685 cm . -1 characteristic 
of SH stretching.6

A n a l .  Calcd. for C31H54S4: C, 67.11; H, 9.81; S, 23.07. 
Found: C, 67.02, 66.79; H, 9.56, 9.83; S, 23.20.

D epartment of Chemistry 
University of T ennessee 
Knoxville, T ennessee

(5) L. J. Bellamy, T h e  I n f r a r e d  S p e c tr a  o f  C o m p le x  M o le 
cu les, John Wiley & Sons, New York, N. Y., 1958, p. 351.

5 - D ib e n z o [b ,f ] a z e p in e

E rnst D. Bergmann and Mordecai Rabinovitz 

R ece ived  O ctober 2 7 , 1 9 5 3

Six-membered ring systems of the general type 
I have been shown to undergo dehydration on 
solvolysis with ring enlargement to seven-membered 
systems (II), i.e . 9,10-di(hydroxymethyl)-9,10- 
dihydroanthracene (I, X=CH(CH2OH)),1.2 9-
hydroxymethylxanthene (I, X = 0 )3 and 9-hy- 
droxymethylthioxanthene (I, X = S ).4

In the present study, the transformation of 9- 
hydroxymethylacridane (I, X = NH) into 5-dibenzo- 
[b,f |azepine (II, X = NH) is described.

The primary alcohol (I, X = NH) was obtained 
by reduction of acridine-9-carboxylic acid (III) 
with lithium aluminum hydride. This reagent re
duced not only the carboxyl group, but also the 
ort/io-quinoid C = N system. Analogous observa
tions have been made in other acridine derivatives.6 
Treatment of the alcohol with polyphosphoric 
acid at 160° caused the desired dehydration. Struc
ture II, X = NH for the product, m.p. 189-191°, 
follows from the similarity of its spectrum with that 
of 2-amino-ras-stilbene :6 II, X = NH: 262 mp (4.60); 
310 m/i (3.35; inflection); 360 mp (2.90; inflec
tion); 2-amino-ds-stilbene: 245 mp (3.25; in
flection); 2.80 m î (3.05), and its nonidentity 
with 9-methylacridine (IV), m.p. 114°,7 which 
would probably have formed spontaneously from 
9-methylene-9,10-dihydroacridine (V).8 The spec-

(1) J. Rigaudy and P. Tardieu, C o m p t. l l e n d . ,  248, 1538 
(1959).

(2) E. D. Bergmann and M. Rabinovitz, B u l l .  R e s .  
C o u n c . I s r a e l , in press (1960).

(3) F. A. L. Anet and P. M. G. Bavin, C a n . J .  C h e m ., 
35, 1084 (1957).

(4) E. D. Bergmann and M. Rabinovitz, J .  O rg. C h em ., 
in press (1960).

(5) F. Bohlmann, Tier., 85, 390 (1952); G. M. Badger, 
J. II. Seidler, and B. Thomson, J .  C h em . S o c ., 3207 (1951).

(6) D. L. F. De Tar and L. A. Caprino, J .  A m e r .  C h em . 
S o c ., 7 8 , 475 (1956).

(7) H. Jensen and F. Rethwisch, J .  A m e r .  C h em . S o c .,  
50, 1144 (1928).

(8) This can be assumed from analogy to 9-methylene-
9,10-dihydroanthracene.2 However, Decker, B e r ., 38, 2493 
(1905), has described some derivatives of V.

trum of II, X = NH is also very similar to that of 
I I ,X = 0 ,3 II, X = S4 and II, X = CH2.2 1 2 3 4 5 6 7 8 
II,X =0: 230 m p  (4.35); 290 m^ (3.95)
II,X  = S: 227 rap (4.36); 262 mp (4.47); 295 mp 

(3.70)
II,X  = CH2: 288 mp (4.19)
10,11 - Dihydro - 5 - dibenzo[b,f]azepine (“0- 
iminodibenzyl”) has been described by Thiele and 
Holzinger,9 but no derivatives of II, X = N H  
carrying a double bond in the 10,11- position 
appear to have been prepared.

EXPERIMENTAL

9 -H y d r o x y m e th y l-9 ,1 0 -d ih y d r o a c r id in e  (I, X =  NH). In 
an atmosphere of nitrogen and at the temperature of an ice- 
salt mixture, 13 g. of lithium aluminum hydride was added 
in small portions to a suspension of 40 g. of acridine-9- 
carboxylic acid ( II I )10 in ether. The mixture was gently re
fluxed for 3 hr. and decomposed by the successive addition of 
acetone and water. The ethereal solution was then decanted 
from the solid and the latter extracted several times with 
ether and benzene. When the solvents were evaporated (at a 
temperature not exceeding 40°), a colorless solid remained 
which was triturated with petroleum ether and recrystallized 
from benzene-petroleum ether or methanol. The compound 
formed white needles, m.p. 135-136°, and was very sensitive 
to oxygen, which caused quick discoloration to brown. The 
yield was 30 g. (80%). That the acridine system had been 
reduced, followed from the absence of the typical green 
fluorescence of the acridine derivatives in concentrated 
sulphuric acid solution.

A n a l .  Calcd. for C14H13NO: C, 79.6; H, 6.2. Found: C, 
79.6; H, 6.6.

5 - D ib e n z o [ l}f \ a z e p in e  (II, X =  NH). A mixture of 2.5 g. 
of the foregoing substance and 150 ml. of polyphosphoric 
acid was heated at 160° for 3 hr. with vigorous agitation. 
Water was added and the product extracted with ether and 
benzene. The organic layer was washed with sodium bi
carbonate solution, dried, and evaporated i n  va cu o  and the 
ethereal solution of the residue chromatographed twice on 
activated alumina. The product contained in the yellow frac
tion (50-ml. fractions) was dissolved in petroleum ether and 
chromatographed again. The third fraction gave yellow 
leaflets which melted a t 189-191°; the melting point did 
not change upon recrystallization from cyclohexane. The 
infrared spectrum (in potassium bromide pellet) showed 3333 
cm. -1  (strong, N—H stretching), 3030, 1587, 1481 (str.) 
(orZ/io-disubst. benzene), 1316 (C—N stretching), 1266, 1163, 
1117, 939, 810, 746 (broad, strong) (ortto-disubst. benzene), 
700 cm. -1

(9) J. Thiele and O. Holzinger, A n n . ,  305, 100 (1899).
(10) K. Lehmstedt and F. Dostal, B e r ., 72, 804, 1071

(1939). G. I. Braz and T. V. Gortinska3'a, ./. G en. C h em . 
( U . S . S . R . ), 10, 1751 (1940); C h em . A b s tr . , 35, 4025 (1941).
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A n a l .  Calcd. for ChHuN: C, 87.0; H, 5.7; N, 7.3. Found: 
C, 80.8; H, 6.1; N, 7.0.

D e p a r t m e n t  o f  O r g a n ic  C h e m is t r y  
H e b r e w  U n iv e r s i t y  
J e r u s a l e m , I s r a e l

D ib e n z o [ b f ] th ie p in

E r n s t  D . B e r g m a n n  a n d  M o r d e c a i  R a b in o v it z  

R eceived  S e p te m b e r  I S ,  V J59

Studies on the correlation of structure with aro
matic properties made it appear desirable to syn
thesize and study dibenzo[bf]thiepin (I), deriva
tives of which have been described recently by 
by Loudon, Sloan, and Summers.1 This compound 
would be isoster with 1,2,5,6-dibenzo-l,3,5,7- 
cyclooctatetraene (II) which has olefinic char
acter.2-4 Compounds of the dibenz[bf]oxepin 
series have been described by Anet and Bavin.5

The synthesis of I followed the method developed 
by the Canadian authors. Thioxanthene (III) 
was metalated by means of butyl lithium6 and 
condensed with formaldehyde to give 9-hydroxy- 
methylthioxanthene (IV). The p-toluenesulfonate 
of this alcohol, on treatment with boiling 95% 
formic acid, lost toluenesulfonic acid and rearranged 
to I. That the product was not the theoretically 
possible 9-methylenethioxanthene (V) follows from 
its nonidentity with the compound described by 
Decker7 and from its properties. The spectrum re
sembled that of cis-stilbene8 and oxidation with 
permanganate in acetone gave diphenylsulfide-2,2 '- 
dicarboxylic acid (VI). The ultraviolet spectrum of 
I shows bands at 227 mp (4.36); 262 mp (4.47);

(1) J. D. Loudon, A. D. B. Sloan, and L. A. Summers, 
J .  C h em . S o c ., 3814 (1957).

(2) L. F. Ficscr and M. M. l’ochet, J .  A m .  C h em . S o c ., 
68, 2577 (1946).

(3) A. C. Cope and S. W. Fenton, J .  A m . C hem . So c ., 
73, 1668 (1950).

(4) G. Wittig, H. Tenhaeff, W. Sehoeh and G. Koenig, 
A n n . ,  572, 1 (1951).

(5) F. A. L. Anet and P. M. G. Bavin, C a n .  J . C h e m . ,  

34, 991 (1956); 35, 1084 (1957).
(6) C f. R. R. Burtner and J. W. Cusic, J .  A m .  C hem . 

S o c ., 65, 1582 (1943).
(7) H. Decker, B e r ., 38, 2493, 2511 (1905); see also Ex

perimental.
(8) O rg. S y n th e s e s , 3 3 , 88 (1953).

295 nip (3.70); cfs-stilbene has bands at 274 
mp (4.04); 294 mp (3.94).

Two reactions of I may be mentioned. When the 
oxidation was carried out hi water, instead of 
acetone, thioxanthone was formed. A similar ob
servation has been made by Manske and Leding- 
ham9 in the case of dibenz[bf]oxepin and can be 
explained as resulting from the benzilic rearrange
ment of the diketone formed by hydroxylation of 
the double bond in I and dehydrogenation of the 
di-secondary alcohol so formed :

Performic acid, on the other hand, did not attack 
the double bond in I, but transformed the com
pound into the corresponding sulfone, which has 
approximately the same cfs-stilbene-type spectrum 
as I. Its infrared spectrum shows a number of 
bands in the 700-850 cm.-1 region, in which the 
cis-disubstituted olefins absorb and two peaks at 
1180 and 1307 cm.-1 which represent the asym
metric and symmetric stretching vibrations of 
the sulfur-oxygen bond.10

It appears that the double bond in I is less “ole
finic” than in II; this recalls the observation that 
9-arylidenexanthenes and -thioxanthenes are more 
“heptafulvenic” in nature than the dibenzohepta- 
fulvenes themselves.11

EXPERIMENTAL

T h io x a n th e n e  (III) was prepared from thioxanthone12 
essentially by the method of Graebe and Schultess13; the 
reduction was not carried out in a sealed tube, but under 
reflux during 20 hr. Care must be taken that the subliming 
thioxanthene does not block the reflux condenser.

9 -H y d r o x y m e th y l- th io x a n th e n e  (IV). In a 11. flask, mounted 
with stirrer and reflux condenser, 300 ml. of anhydrous ether 
and 4.3 g. of lithium metal was introduced and a current 
of dry nitrogen passed through the flask. By slow addition 
of a solution of 33.5 g of butyl bromide in 100 ml. of ether, 
butyl lithium was obtained. After 1 hr. the solution was 
cooled in an ice-salt bath and 35 g. of solid thioxanthene was 
added, which caused an orange-red color to appear. After 
15 min. a t 0° and 30 min. at reflux temperature, the reaction 
mixture was again cooled to 0° and 20 g. paraformaldehyde

(9) R. H. F. Mar.ske and A. E. Ledingham, J .  A m .  
C h em . S o c ., 72, 4797 (1950).

(10) T. Momose and Y. Ohkura, C h em . A b s tr . , 53, 9159 
(1959). C f. M. Tamres and S. Searles, J .  A m .  C h em . S o c ., 
81, 2100 (1959).

(11) E. D. Bergmann et a l., B u l l .  S o c . c h im . F ra n ce , 19, 
262 (1952). C f. H. C. Longuet-Higgins, T r a n s . F a r a d a y  
S o c ., 45, 173 (1949).

(12) E. G. Davis and S. Smiles, J .  C h em . S o c ., 97, 1290 
(1910).

(13) C. Graebe and O. Schultess, A n n . ,  263, 1 (1891).
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(dried over concentrated sulfuric acid for 24 hr.) added. 
At reflux temperature, the reaction was complete after 
20 min.—as indicated by the discharge of the color—and a 
grayish precipitate had formed. The heating was continued 
for another 15 min. and the product decomposed with ice 
and 25% sulfuric acid. The aqueous layer was extracted 
with ether and chloroform, and the combined organic solu
tions were washed with sodium bicarbonate solution, dried 
and concentrated to a volume of 30 ml. Then 100 ml. of 
cyclohexane was added and the mixture heated to the boil
ing point and filtered. From the solution crystallized 30 g. 
of the product (75%); by concentration of the mother 
liquor a little more product could be obtained. Recrystal
lization from cyclohexane gave colorless needles, m.p. 
110-111°.

A n a l .  Calcd. for C„H12OS: C, 73.7; H, 5.3. Found: 
C, 73.9; H, 5.6.

p -T o lu e n e s u l fo n a te . To a solution of 11 g. of the foregoing 
substance in 30 ml. of pyridine, 10 g. of p-toluenesulfo- 
chloride was added slowly a t 0 to —5°. After 18 hr. a t 0°, 
the product was poured into a mixture of ice and 30% hydro
chloric acid. The oil which precipitated solidified upon 
standing or trituration with alcohol, and the product was 
recrvstallized from methanol. I t  melted at 95°; yield, 15 g. 
(78%).

A n a l .  Calcd. for C2iH180 3S2: C, 66.0; H, 4.7. Found: 
C, 65.8; H, 4.6.

D ib e n z o [ b f] th ie p in  (I). The following conditions have 
been found the most advantageous for the rearrangement: 
A solution of 9.5 g. of the p-toluenesulfonate in 75 ml. of 95% 
formic acid wras refluxed for 30 min. and slowly poured into 
an excess of sodium carbonate solution, so that the reaction 
was alkaline all the time. The product was extracted three 
times with benzene and the benzene extract washed with 
dilute hydrochloric acid and 5% sodium bicarbonate solu
tion, dried, and concentrated to a volume of 15 ml. After 
a first chromatography on alumina, 4 g. (77%) of a product 
was obtained which melted at 73-75° after recrystallization 
from cyclohexane. For the final purification, 2 g. of product 
in petroleum ether-benzene (5:1) was chromatographed on 
35 g. of alumina. Of the 50-ml. fractions of eluate, the second 
fraction contained the pure compound, which was recrystal
lized from methanol and formed yellowish needles, m.p. 
89-90°, yield, 1.2 g. (44%). The infrared spectrum showed 
the absence of a hydroxyl or ester group. The ultraviolet 
spectrum showed X̂ ““ 1 (log e): 227 m̂ i (4.36); 262 m/x 
(4.47); 295 mM (3.70).

A n a l .  Calcd. for ChH ioS: C, 80.0; H, 4.8. Found: C, 
80.2; H, 4.9.

D ib e n z o [ b f] th ie p in -s u lfo n e . A mixture of 1 g. of the fore
going compound in 18 ml. of 95% formic acid and 2.1 g. of 
30% hydrogen peroxide, wras heated a t 40° for 30 min. 
with magnetic stirring, whereupon a clear solution resulted, 
and a t 98° for 4 hr., and poured into water. The product 
crystallized from ethanol and melted a t 171-172°. I t  was not 
affected by alkali or periodic acid and show'ed no hydroxyl 
absorption in the infrared. The ultraviolet spectrum showed 
xSjT1 (log <=): 229 mM (4.54); 264 mM (3.85); 300 mM (4.08).

The infrared spectrum showed 1600, 1562, 1481, 
1440, 1307 (s), 1260, 1180 (s), 1126, 1087, 1064, 818, 813 (s), 
784, 763 (s), 725, 700 cm. “ 1

A n a l .  Calcd. for CnHioSCb: C, 69.4; H, 4.1. Found: C, 
69.2; H, 4.1.

D ip h e n y ls u lfid e -o ,o '-d ic a r b o x y lic  a c id  (VI). To a solution 
of 1 g. of the dibenzothiepin in 25 ml. of acetone (and a few 
drops of water), powdered potassium permanganate was 
added in small portions; after each addition, -we waited 
until the color disappeared. When the permanganate color 
did not change for 3 hr., the solution was filtered and the 
solid phase washed with 2 ml. of acetone. The residue was 
then extracted twice with 10 ml. of boiling water and the 
combined extracts were acidified with dilute hydrochloric 
acid. The product was reprecipitated from dilute potassium 
hydroxide solution and finally recrystallized from aqueous

alcohol. I t  melted a t 230° (lit.,14 m.p. 229°) and was identi
fied by mixed melting point with a sample prepared accord
ing to Rosenmund and Harms. 14 The ultraviolet spectrum 
show-ed X“  (log 226 mM (4.51); 255 mM (3.98); 322 
myx (3.70).15

The infrared spectrum showed 2940, 1700 (s),
1600 (o-disubstituted benzene), 1568, 1475, 1418 (carboxyl), 
1307 (s), 1283 (s) (carboxyl), 1266 (s), 1136, 1064, 1047, 
939, 810 (s), 755 (s) (superposition of C—S—C and o- 
disubstituted benzene), 724, 714 cm. -1

A n a l .  Calcd. for C14H10O4S: C, 61.3; H, 3.7. Found: C, 
60.9; H, 4.1.

T h io x a n th o n e . To a well stirred mixture of 1.4 g. of di
benzothiepin and 60 ml. of boiling water, a mixture of 5 
g. of potassium permanganate and 3 g. of sodium carbonate 
was added slowljc When the color was no longer discharged, 
the product was acidified with 25% sulfuric acid and de
colorized by addition of sodium sulfite. The yellow pre
cipitate was dissolved in benzene and chromatographed on 
alumina. Thus, 0.6 g. (43%) of thioxanthone was obtained 
wrifich melted alone and upon admixture of authentic mate
rial a t 209°.

R e a c tio n  o f  th io x a n th o n e  w ith  m e th y lm a g n e s iu m  io d id e . A 
repetition of the experiment of Decker7 led to somewhat 
different results. The whole sequence of operations was 
carried out in a nitrogen atmosphere.

A solution of methylmagnesium iodide prepared from 6 g. 
of magnesium and 33 g. of methyl iodide in anhydrous ether, 
was added to a suspension of 16 g. of thioxanthone in warm 
benzene. During 4 hr. the ether was distilled off and the 
resulting product refluxed. I t was decomposed whth ice 
and ammonium chloride.16 From the benzene layer, some 
thioxanthone crystallized w'hich was removed by filtration. 
The benzene solution was then washed with water, dried, 
and evaporated i n  va cu o  a t a temperature not exceeding 40°. 
The remaining reddish oil was chromatographed on alumina 
and eluted with a mixture of benzene and petroleum ether 
(1:1). Thus, a yellow oil was obtained which crystallized 
upon trituration with cyclohexane. 9-Methylthioxanthydrol 
melted a t 82-83°.

A n a l ,  Calcd. for C14H 12OS: C, 73.7; H, 5.3. Found: C, 
74.0; H, 5.8.

On standing in a vacuum desiccator (or on heating with 
a mixture of acetic acid and acetic anhydride) the crystals 
liquefied through dehydration. 9-Methylenethioxanthene is 
a liquid which could not be obtained in pure form, as it 
quickly began to autoxidize and deposit thioxanthone, 
m.p. 205° and mixed m.p. 207°. The product described by 
Decker7 as a semisolid of undefined melting point was, 
therefore, undoubtedly not 9-methylenethioxanthene.

D epa rtm en t  of Organic Chem istry
H eb r e w  U n iversity
J erusalem , I srael

(14) K. W. Rosenmund and H. Harms, B e r ., 53, 2226 
(1920).

(15) For diphenylsulfide, 2 maxima (at 252 and 278 m/x) 
have been observed.

(16) Dehydration proceeds with great ease, if the decom
position is carried out with acid. Decker did not isolate 
the tertiary alcohol.

D im e r  o f  2 - P y r id y l  I s o th io c y a n a te

J ohn  C. H oward and J ulian  G. M ich els  

R ece ived  N o v em b er 12 , 1 9 5 9

The synthesis of 2-pyridyl isothiocyanate, de
scribed as a brick-red solid, m.p. 110- 111°, was
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recently reported by Fairfull and Peak.1 * Structural 
assignment was made on the basis of a correct 
nitrogen analysis and conversion to the known 
.Y-phenyl-.V'-2-pyridylthiourea by heating with 
aniline at 100°. It appeared to us that although the 
compound reacted at 100° as a typical isothiocya
nate, its color and melting point were anomalous. 
Isothiocyanates are generally colorless liquids; 
in fact, 3-pyridyl isothiocyanate was so described 
by Fairfull and Peak.1 We planned to use 2-pyridyl 
isothiocyanate as an intermediate and felt that the 
anomaly deserved closer examination. We have 
therefore repeated the synthesis following the 
published procedure and obtained a brick-red 
solid; our analytical sample melted at 119-120° 
after several reprecipitations from benzene-petrol
eum ether. A cyroscopic molecular weight determi
nation corresponded to a dimer of 2-pyridyl 
isothiocyanate.

An infrared spectrum of a freshly prepared 
chloroform solution showed no characteristic iso
thiocyanate absorption at 5// (Fig. 1). After thirty 
minutes refluxing, however, the solution became 
straw-colored and the infrared spectrum showed 
very intense absorption at 4.96m (Figure 2). The 
ultraviolet spectrum also changed greatly after 
fifteen minutes heating; a fresh chloroform solu
tion absorbed strongly at 295 m^, 335 mm, and 420 
niM- After heating, only one major peak, at 287 
mm, was observed.

This physical evidence proves that the brick 
red solid is not 2-pyridyl isothiocyanate and indi
cates that the substance is a dimer whit’ll dissociates 
to the monomer in solution. Several attempts were 
made to isolate the monomer by disti lation. A 
solution of the dimer was refluxed until the red

(1) A. E. S. Fairfull and D. A. Peak, J .  C liem . S n c ., 790
(1955).

color disappeared, concentrated and distilled at 
reduced pressure. Upon removal of the solvent, the 
red solid reappeared. The substance distilled as a 
pale yellow liquid, then solidified to the red solid 
in the receiver. The boiling point was similar to 
that of 3-pyridyl isothiocyanate and the pale yellow 
liquid was doubtless 2-pyridyl isothiocyanate.

Having established that the red solid was a dimer, 
we turned our attention to the question of its 
structure. It occurred to us that an eight-membered 
ring, I, could be formed from two isothiocyanatc 
molecules by the “head to tail” attack of one 
pyridyl-nitrogen on the thiocarbonyl of the other.

This tricyclic ring system- has not been described, 
although a similar type, II, was reported by Such- 
arda and Klisictki.3 The tetrazoeine nucleus is

(2) We have named I “Dipyrido-[l,2-a,T,2'-e ] [1,3,5,?]- 
tetrazoeine-6,13-dithione” in conformity with C h e m ic a l  
A b s tra c ts  usage.

(3) E. Sucharda and L. Ivlisiecki, R o c z n ik i  C lien t.. 3, 251 
(1923). C h em . A b s tr . , 19, 72 (1925).
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Fig. 2. Infrared spectrum of 2-pyridyl isotldocyanate

present in III, a derivative of hexamethylenetetra
mine.4 5

The infrared spectrum of the red solid is consist
ent with structure I. There is no absorption at 
4.96yu (isothiocyanate) ; there is no typical pyridine 
ring absorption at 6.30 and 6.37pt (present in the 
monomer); and there is absorption at 6.07p, a 
property shared with l-methyl-2-pyridoneimine, 
IV.6

Because of the absence of model compounds 
containing the same chromophores, the ultraviolet 
spectrum of the dimer cannot be used with any 
confidence in the assignment of structure. However, 
IV absorbs at 350 mp;6 and extension of the chromo- 
phore by conjugation with a thiocarbonyl would be 
expected to have a bathochromic effect. This 
may account for the absorption above 400 m^ which 
gives the dimer its red color.

An alternative structure, V, analogous to the 
well-known aromatic isocyanate dimers,7 was 
considered unlikely because it involved only the 
isothiocyanato group in its formation. Other 
isothiocyanate dimers have not been reported. 
The absence of pyridine ring absorption in the in
frared spectrum of the dimer may also be evidence 
against V.

Dimers similar to I should be formed only by 
heterocyclic nitrogen compounds containing a 2- 
isothiocyanato group. A search for appropriate 
structures in the literature revealed mention of

(4) G. F. Wright, A. F. McKay, W. J. Chute, I). C. 
Downing, and G. S. Meyers, C a n . j .  R e s ., 27, 218 (191!)).

(5) D. N. Shigarin, Ya. L. Danyushevskii, and Ya. L. 
Gol’dfarb, Izv e s t . A k a d .  N a u k .  S . S . S . R . ,  O tdel. K h im .  N a u k . ,  
120 (195G). C h em . A b s tr . , 50, 8329 (1956).

(6) L. C. Anderson and N. V. Seeger, J .  A m .  C h em . S o c ., 
71, 343 (1949).

(7) R. G. Arnold, J. A. Nelson, and J. J. Verbanc,
C h em . R ev ., 57, 54 (1957).

several polymeric 6-pyrimidinyl isothiocyanates 
which were not transformed to the monomer by 
distillation.8 The synthesis and properties of similar 
compounds would be of interest.

EXPERIMENTAL9

2 - P y r id y l  iso lh io c y a n a te  d im e r  (I). The preparation was 
carried out according to Fairfull and Peak1 except that the 
product was purified by dissolving it in a minimum amount 
of benzene at room temperature and precipitating with twice 
its volume of ligroin, m.p. 119-120°.

A n a l .  Calcd. ioi (C«H4N2S)5: C, 52.92; H, 2.96; N, 20.57; 
m.w. 272.36. Found: C, 53.1; H, 3.09; N, 20.41; m.w. 
284 ± 1 5 .

A tte m p te d  iso la tio n  o f  2 - p y r id y l  iso tld o c y a n a te . A chloro
form solution containing 9.5 g. of the dimer was refluxed for 
1 hr. and the solvent was then distilled. The residual red oil 
was distilled at reduced pressure. At the beginning of the 
distillation the red oil solidified, then melted when the tem
perature reached 110°, and distilled as a pale yellow liquid 
which turned red on cooling. Six grams of red oil was col
lected; b.p. 110-120° (10 mm.). After several minutes it 
began to crystallize and after standing overnight melted 
at 112-114°. The infrared spectrum was identical with the 
dimer.

E ffe c t  o f  hea l c n  the  u ltra v io le t sp e c tr u m  o f  I. The spectrum 
of a freshly prepired solution of the dimer in chloroform was 
determined. The emal at 420 mju, 335 m^, and 290 mji was 
4350, 25,600, and 25,600 respectively. After the solution 
was refluxed for 15 min. the emai at 287 m,u was 30,000 and 
the two longer wave length maxima disappeared.

(8) T. B. Johnson and W. F. Storey, A m .  C h e m . J . ,  40, 
131 (1908); Yuoh-Fong Chi and Chi Ming Ma, J .  A m .  C h em . 
Soc., 55, 4655 (1933).

(9) The melting points were determined on a calibrated 
Fisher-Johns block and the infrared spectra were deter
mined on a Perldn-Elmer Model 21 equipped with sodium 
chloride optics; matched 0.1 mm. sodium chloride cells 
were used. The ultraviolet spectra were obtained on a Beck
man DU quartz spectrophotometer. The elemental analyses 
and molecular weight determinations were performed by 
Mr. Gordon Ginther, Dr. Victor Ells, and associates of 
these laboratories and Schwarzkopf Analytical Laboratory, 
Woodside, New York.
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E aton L aboratories
D ivision  of th e  N orw ich  P harmacal C o .
N orw ich , N. Y.

A n  O 18 T r a c e r  S tu d y  o f  t h e  A c id - C a ta ly z e d  

F o r m a t i o n  o f  E n o l  E th e r s

K en n eth  B. W iberg  and K laus A. S aegebarth

R ece ived  D ecem b er 4, 10 5 0

The conversion of enols, such as dimethvldihy- 
droresorcinol,1 and of some reactive phenols, such 
as /3-naphthol2 to the corresponding ethers may be 
effected by the acid-catalyzed reaction with the 
corresponding alcohol. In either case, there are two 
possible mechanisms:

+

The type A mechanism is, a priori, the more 
reasonable considering the facile formation of these 
ethers, and the small likelihood that the phenols 
are much more effective nucleophiles than is water. 
Further evidence for this mechanism may be 
found in the observation that resorcinol,3 but not 
phenol, catechol, or hydroquinone, will form a 
monomethyl ether in this reaction, and that a. di
methyl ether is not formed. Similarly, phloro- 
glueinol reacts readily to form a dimethyl ether, 
but not a trimethyl ether.4

The two mechanisms are easily differentiated by 
using oxygen-18-labeled methanol, since mecha
nism A predicts incorporation of the label into the 
product ether, whereas mechanism B predicts that 
the ether will be devoid of isotope oxygen. The 
experiments were performed in the usual fashion 
and the results cf the oxygen-18 analj'ses are gUen 
in Table I. It is readily apparent that nearly 
quantitative transfer of the label occurred, indi
cating the addition-elimination mechanism to be 
correct. The results also suggest that oxvgen-18- 
labeling of these compounds should be easily 
effected by heating in acidified oxygen-18-en- 
riched water, and that the ethers should be easily 
cleaved by acid-catalyzed hydrolysis.

TABLE I
O x y g e n -18 A nalytical D ata

Compound % O18 in C02 %. excess O18

Methanol 0.742 1.08
0.749 1.09

2-Methoxynaphthalene 0.726 1.04
0.726 1.04

5,5-Dimethvl-3-methoxv- 0.448 0.972
cyelohexene-2-one 0.448 0.972

EXPERIMENTAL

R e a c tio n  o f  d im e th y ld ih y d ro lre sc -rd n o l. To 5 g. (30 mmoles) 
of dimethyldihvdrcresorcinol was added 50 ml. of benzene, 
3.0 ml. of methanol-0ls (100% excess, containing 1.09 ex
cess O18), and 0.2 g. of p-toluenesulfonic acid. The solution 
was heated at reflux for 24 hr. in an apparatus in which the 
distilled solvent containing water was passed through po
tassium carbonate before being returned to the solution. 
Distillation gave 4.5 g. (81%) of the enol ether having b.p. 
145-146° at 35 mm. Oxygeu-18 analysis indicated the pres
ence of 0.972 excess O18.5

R e a c tio n  o f  0 -n a p h th o l. A solution of 1 g. of (3-naphthol 
and 50 mg. of p-toluenesulfonic acid in 2.5 ml. of methanol 
was sealed in a tube and heated at 100° for 40 hr. The tube 
was opened and the contents were mixed with 10% potas
sium hydroxide solution and washed with same after filter

(1) D. Vorländer and M. Kohlmann, A n n . ,  3 2 2 , 253 
(1902).

(2) L. Gattermann, A n n . ,  244, 72 (1888)
(3) V. Merz, J .  p r a k t .  C h e m ., 61, 109 (1900).
(4) H. Weidel and J. Poliak, M o n a ls h , 21, 22 (1900).
(5) Oxygen-18 analyses were performed by the method of 

\Y. E. Doering and E. Dorfman, J .  A m . ( 'h e m . S o c ., 75, 5595
(1953).
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ing. The product was allowed to dry after being washed with 
water several times. Recrystallization from ethanol-water 
gave 0.75 g. (70%), m.p. 70-71°.

D epa rtm en t  of C hem istry  
U n iv ersity  of W ashington  
Seattle  5, W ash .

B e n k e s e r  R e d u c t io n  o f  ¡N o rb o rn a d ie n e  a n d  
N o r b o r n e n e 1

J ames G. T raynham

R ece ived  O ctober 16, 1 9 5 9

The question of occurrence and extent of conju
gation effects in norbornadiene has been of interest 
in recent years. Although conjugation effects are 
not manifested in heat of hydrogenation experi
ments2 and in free radical addition reactions,3 
the products obtained in ionic addition reactions 
are well accounted for in terms of a bridged-ion 
intermediate with homoconjugative character.4 5 
The exclusive formation in aqueous solution of a 1:1 
norbomadiene-silver ion complex suggested con
jugation effects (orbital overlap)6 and the abnormal 
ultraviolet spectrum6 of the diene is strong evidence 
for such conjugation effects in the excited state.

Recently Benkeser has shown that lithium in 
ethylamine is a powerful and selective reducing 
reagent toward aromatic rings.7 The aromatic 
systems are rapidly reduced to monoolefins which 
are themselves far more slowly reduced.7’8 Implicit 
in the tentative mechanism proposed7 is the facile 
reduction of nonaromatic conjugated systems, 
specifically 1,3-dienes. It seemed of interest then to 
use the Benkeser reagent with norbornadiene to 
provide a different system for evaluating conju
gation effects in that compound. Since isolated 
double bonds are reduced with difficulty,7’8 it 
was expected that if the compound were reduced 
readily, nortricyclene would be formed by homo
conjugative 1,5- addition.

When reduction of norbornadiene with lithium 
in ethylamine was tried, rapid color changes, simi

(1) This research was supported in part b}’ a grant from 
The Petroleum Research Fund administered by the Ameri
can Chemical Society. Grateful acknowledgment is hereby 
made to the donors of said fund.

(2) R. B. Turner, W. R. Meador, and R. E. Winkler, 
J .  A m .  C h em . S o c ., 79, 4116 (1957).

(3) S. J. Cristol, G. D. Brindell, and J. A. Reeder, ./. A m .  
C h em . S o c ., 80, 635 (1958).

(4) S. Winstein and M. Shatavskj’, C h em . &  I n d .  ( L o n 
d o n ), 56 (1956).

(5) J. G. Traynham and J. R. Olechowski, J .  A m .  C hem . 
Soc., 81,571 (1959).

(6) K. Stich, G. Rotzler, and T. Reichstein, H elv . C hirn . 
A d a ,  42, 1485 (1959).

(7) R. A. Benkeser, R. E. Robinson, D. M. Sauve, and 
O. H. Thomas, J .  A m .  C h em . S o c ., 77, 3230 (1955).

(8) R. A. Benkeser, G. Schroll, and D. M. Sauve, J .  A m .
C h em . S o c ., 77, 3378 (1955).

lar to those described for the reduction of aromatic 
systems,7 took place and nortricyclene was indeed 
present in the product mixture. It constituted a 
surprisingly small portion (13%) of that mixture 
however. The principal reduction product (64%) 
was that formed by simple 1,2- addition, nor- 
bomene. An appreciable amount of norbomane 
was also formed; with a 50% excess of lithium it be
came the major product (55%).

Since the equilibrium mixture of norbornene and 
nortricyclene contains 77% nortricyclene,9 9 10 11 it 
seems very unlikely that the small amount of 
nortricyclene comes from a rearrangement of ini
tially-formed norbornene precursor. Instead it is 
most probably a primary product itself, formed by 
some 1,5- addition to the homoconjugative system. 
Were isomerization a probable path, one might 
well expect that far more of the thermody
namically-favored isomer would be formed.10’11 
Homoconjugative addition of lithium to norboma- 
diene then seems possible but is a minor path in 
the over-all reaction.

The appearance of norbomane in the product 
mixture suggested that norbornene should be re
duced by the Benkeser reagent also. When the 
experiment was tried, the color changes were 
again rapid, reduction proceeded, and norbomane 
was the only product isolated. In view of the slow 
reductions of other monoolefins,7’8 the rapid re
action of norbornene is unexpected and is another 
example of unusual properties of these strained 
bridgehead compounds.

Although homoconjugative reduction of nor- 
bomadiene occurs only to a minor extent, two 
observations indicate that reduction (principally
1,2- addition) of the diene is nonetheless a faster 
process than reduction of norbornene (also 1,2- 
addition). Both norbornadiene and norbornene 
were reduced rapidly, but the color changes ac
companying the reductions seemed to take place 
more rapidly with the diene. Secondly, with a small

(9) P. R. Schleyer, ./. A m .  C h em . S o c ., 80, 1700 (1958).
(10) This assumes of course that the rate of isomerization 

is sufficiently rapid to allow equilibrium to be approached 
during the time of experiment. Some support for this as
sumption comes from the reaction between chilled nor
bornadiene and p-thiocresol;3 within thirty minutes, a prod
uct mixture is formed which consists of 60% substituted 
nortricyclene and 40% substituted norbornene. The nor
tricyclene derivative was shown to be formed by rearrange
ment of the substituted norbornene precursor.

(11) One can envision a process whereby norbornene 
might be formed other than by simple 1,2- addition. Half- 
protonation of the nortricyclene 2,6-dianion would give an 
anion that could be pictured as a hybrid of nortricyclenyl-2 
anion and norborr.enyl-5 anion; final protonation to product 
could conceivably be rate-controlled so that norbornene 
was formed predominantly rather than nortricyclene, even 
through the initial reduction was actually a 1,5- addition. 
I t is difficult to see, however, why the kinetic factor should 
so strongly favor formation of the thermodynamically- 
unfavored isomer from a hybrid anion whose canonical 
structures are essentially equivalent in geometry and steric 
requirements.
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excess of lithium, norboniene was the principal 
product and was itself reduced to r orbomane only 
to a small extent. Thus norbomadiene apparently 
reacts more rapidly than does norboniene which 
apparently reacts more rapidly than other olefins 
such as cyclohexene.7 A similar order of reactivity 
for these olefins toward p-thiocresoxy radical3 
and toward aqueous silver ion6 has been reported. 
The relative degrees of strain in the olefinic com
pounds probably account in large measure for this 
order.3-5 However, the fact that isolable quanti
ties of norborane were formed even though un
changed norbomadiene was recovered in the prod
uct mixture indicates that the differences in re
activities of norbomadiene and norboniene toward 
lithium in ethylamine are not great.

If the reduction involves the addition of lithium 
atoms (or of solvated electrons), "hen perhaps it 
should not be surprising that the course of the 
reaction with the diene should be more similar to 
free radical additions3 than to cationic ones4 in
sofar as the manifestation of conjugative proper
ties are concerned.

EXPERIMENTAL

N o r b o m a d ie n e  and n o rb o rn en e  were supplied without 
charge by Shell Chemical Corp. and by Du Pont Poly
chemicals Dept., respectively; they were freshly distilled 
from sodium before use, N o r b o rn a n e  was prepared by the 
low pressure hydrogenation of norbornene with Raney 
nickel catalyst. Gas chromatography12 and infrared spec
troscopy13 1 2 3 4 5 6 revealed no contaminants in the norbornene and 
norbornane samples and only traces of contaminants in the 
norbomadiene sample. A sample containing 81% n o r tr i-  
cyc lene  and 19% norbornene graciously was supplied by 
Dr. Paul R. Schleyer, Princeton University, and was used 
without further purification as the source of authentic 
nortricyclene for spectral comparisons.

R e d u c tio n  o f  n o rb o m a d ie n e . Lithium shot (8 mesh, 0.25 
g., 0.90 g.-atom) was added to 250 ml. of anhydrous ethyl- 
amine in a flask equipped with stirrer, dropping funnel, Dry 
Ice condenser, and nitrogen atmosphere. The characteristic 
deep blue color developed quickly and after 30 min. stirring, 
norbomadiene (36.8 g., 0.40 mole) was added rapidly drop- 
wise. After about half of the diene had been added, the blue 
color suddenly disappeared. The mixture appeared white 
with a lump of lithium floating in it. After 15 min., a muddy 
tan color developed and after 30 min. the lithium was no 
longer visible. The mixture was stirred for a total of 7 hr. 
Solid ammonium chloride (49 g., 0.90 mole) was added 
(attended by considerable heat evolution and probably some 
loss of volatile product material by entrainment) and the 
thick mixture was left standing overnight. Water was added 
and the mixture was extracted twice with ether. The ether 
solution was washed twice with water, twice with dilute 
hydrochloric acid, and again with water. After being dried 
with magnesium sulfate, it was distilled to give 22.2 g. of 
material, b.p. 95-103°, nearly all of which solidified in the 
receiver. Gas chromotographv12 resolved the distillate into 
three fractions (besides carbon tetrachloride solvent) which 
were shown by comparison of retention times and infrared 
spectra13 with those of authentic samples to be norborna- 
diene (25%), norbornene (48%), and a mixture of nor
bornane and nortricyclene (27%). Although the last peak

(12) Beckman GC-2 instrument; 6-ft. silicone column, 
70-100°, 40-60 ml./min. flow rate of He. CCL, solutions.

(13) Beckman IR-5 instrument; CS2 solutions.

was symmetrical, the infrared spectrum of this fraction 
showed absorption for both norbornane and nortricyclene. 
Comparison with spectra of standard mixtures (absorbancies 
at 12.27 ,a and 12.51 m for norbornane and nortricyclene, 
respectively) indicated that this fraction of the product 
mixture consisted of 03% norbornane and 37% nortri
cyclene.

The products from the Benkeser reduction of norborna- 
diene then were 64% norbornene, 23% norbornane, and 
13% nortricyclene.

In another experiment, with a 50% excess of lithium, no 
diene was recovered. The product, obtained in 74% yield, 
was found to be 24% norbornene, 55% norbornane, and 
21% nortricyclene. Because of inadvertent loss of material 
by evaporation prior to analysis, these figures are less reliable 
than those above.

In both experiments small amounts of high boiling residue 
remained in the pot undistilled.

R e d u c tio n  o f  n o rb o rn en e . The same procedure was used 
twice with lithium, ethylamine, and norbornene. The deep 
blue color faded during addition of olefin and was essentially 
gone when addition was complete. The blue color continually 
redeveloped around the floating lump of lithium and the 
stirred mixture was aqua to lavender in color during the 
entire reaction period (7 hr.). Except for a very small 
amount of recovered norbornene in one experiment, nor
bornane was obtained in about 33% yield as the only prod
uct (gas chromatographic and infrared spectral analyses). 
A little high boiling residue remained in the pot undistilled.

C o a t e s  C h e m i c a l  L a b o r a t o r i e s

L o u i s i a n a  S t a t e  U n i v e r s i t y

B a t o n  R o u g e  3 ,  L a .

P r e p a r a t i o n  o f  3 - F lu o r o p h th a l i c  A n h y d r id e

A d a m  H e l l e r  

R eceived  O ctober 2 6 , 1 0 5 9

For the synthesis of some polycyclic fluorine 
compounds, substantial quantities of 3-fluoro- 
phthalic anhydride were required. The ease with 
which the readily accessible 3-nitrophthalic an
hydride can be converted by gaseous chlorine into 
the 3-chloro-compound,1-3 led us to suspect that 
the chlorine atom in the latter might be reactive 
enough for a nucleophilic substitution reaction with 
potassium fluoride. Indeed, at 280-290° this re
action gave a 50% yield of the hitherto unknown
3-fhiorophthalic anhydride.4

Similar exchange reactions with potassium fluo
ride have been observed for chlorine activated by 
nitro groups5-7 or by a combination of a nitro-

(1) A. A. Ponomarenko, Z h u r .  O bshcheï K h i in . ,  20, 409
(1951); C h em . A b s tr . , 44, 7810 (1950).

(2) M. S. Newman and P. G. Scheurer, J .  A m .  C h em . S o c .,  
78, 5004 (1950).

(3) C. Shaw and Y. Thomas (to Imperial Chem. Ind.), 
British Patent 357,165; C h em . A b s tr . , 26, 5768 (1932).

(4) The isomeric 4-fluorophthalic anhydride has been 
prepared before [F. F. Blicke and F. D. Smith, J .  A m .  
C h em . S o c ., 51, 1865 (1929)].

(5) H. B. Gottlieb, J .  A m .  C h em . S o c ., 58, 532 (1936).
(6) H. G. Cook and B. C. Saunders, B io c h e m . J . ,  41, 

558 (1947).
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group and a N = C  double bond.8 To the best of 
our knowledge, an analogous activation by a 
carbonyl group has not been observed before;9 
indeed, on the whole, experience has shown that 
in such cases fluorine is the most easily replaceable 
substituent.

3-Chlorophthalic anhydride did not react with 
potassium cyanide under the same operating con
ditions.

EXPERIMENTAL

3 -C h lo ro p h th a lic  a n h y d r id e  was prepared according to 
Newman and Scheurer1 2 * from 3-nitrophthalic anhydride10 
and gaseous chlorine. The temperature of the bath was: 
kept exactly at 250°, the liquid product poured into a 
mortar and, after it solidified, ground to a fine powder. 
I t  was not necessary to distill it; already in its crude stage 
it melted a t 118-124° and after trituration with anhydrous 
ether a t 125-127°. The yield was 76%.

8 -F lu o r o p h th a lic  a n h y d r id e . In a Claisen flask (for dis
tillation of solid compounds) of 100-ml. capacity, 20 g. of 
anhydrous potassium fluoride11 was covered with a layer of 20 
g. of 3-chlorophthalic anhydride and the mixture heated 
at 280-290° for 45 min. Distillation at 220-225°, 80 mm. 
gave a clean fraction (11 g.), which solidified spontaneously 
and was recrystallized from 75 ml. of toluene, m.p. 160°; 
yield, 9 g. (50%).

A n a l .  Calcd. for C8H3F 0 3: C, 57.8; H, 1.8; F, 11.4. 
Found: C, 58.1; H, 2.1; F, 11.0.

D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y

H e b r e w  U n i v e r s i t y

J e r u s a l e m , I s r a e l

(7) G. C. Finger and C. W. Kruse, J .  A m .  C h em . S o c ., 
78, 6034 (1956). See also J. F. Bunnett and R. E. Zahler, 
C h em . R e v s ., 49, 273 (1951).

(8) G. C. Finger and L. D. Starr, J .  A m .  C h em . S o c ., 81, 
2674 (1959).

(9) One may recall the easy replacement of sulfonic acid 
groups by molecular chlorine in the «-positions of the 
anthraquinone system. See, e.g ., V. V. Kozlov, J .  G en. 
C h em . ( U . S . S . R . ), 17, 289 (1947); C h em . A b s tr . , 42, 550 
(1948).

(10) O rg. S y n th e s e s , Coll. Vol. I, 408 (1941).
(11) Analytical grade (Messrs. Baker and Adamson, an

hydrous, granulated) was used. I t  is necessary tha t the pH 
of an aqueous solution be about 8.0.

U n s y m m e t r i c a l  Q u a t e r n a r y  C a rb o n  
C o m p o u n d s .  I I I .  T h e  P r e p a r a t i o n  a n d  

R e s o lu t io n  o f  A l ip h a t ic  T r i a lk y l a c e t i c  A c id s 1,2

F r a n k l i n  S. P r o u t , B o h d a n  B u r a c h i n s k y , 
W i l l i a m  T. B r a n n e n , J r., a n d  H e r b e r t  L. Y o u n g

R ece ived  N o v e m b e r  4 , 1 9 5 9

Trialkylacetic acids have been prepared by at 
least six different methods.3-9 However, only the

(1) Paper II of this series was F. S. Prout, E. P.-Y. 
Huang, R. J. Hartman, and C. J. Korpics, J .  A m .  C h em . 
S o c ., 7 6 , 1911 (1954).

(2) Abstracted from the Masters Theses of Bohdan Bura
chinsky (1959) and Herbert L. Young (1953) and the Senior
Thesis of William T. Brannen, Jr. (1958).

two procedures indicated by methods A and B 
seemed to afford convenient, general routes for the 
preparation of unsymmetrical, racemic trialkylace
tic acids. Method A was derived from work of 
Sperber, Papa, and Schwenk4,10 and method B was 
modified from the report of Hudson and Hauser.6

For method A, 2-methylbutanenitrile was pre
pared by the monoalkylation of propanenitrile with 
ethyl bromide in the presence of sodium amide,3,4,10 
a process which furnished only 30-36% of monoal
kylation product and 12% of the dialkylation prod
uct, 2-ethyl-2-methylbutanenitrile. Better yields 
would have resulted from dehydration of the 2- 
methylbutanamide.11

Method A
HBr

c h 3c i i2—C(c h 3;—c n -------- >
I N a N H î

J f  52-70%

h 2so .
CH3CH>—C(CH3)—C N -------- >

n-CiHoONO—HC1
CH3CH2—C(CH:,)~ c o n h 2 --------------------

I 44-51%
R

CH3CH2C(CH3)—c o o h  
I

R
R = r-0 3H7, n -C JIs, R-C5H11, n —0 3Uj3

The second alkylation with n-propyl, ra-butyl, 71- 
amyl, and n-hexyl bromides was more efficiently 
performed (52-70% yields). Hydrolysis of these ni
triles in sulfuric acid4 3 4 5 6 7 8 9 10 11 gave 67-94% yields of the 
amides. However, conversion of the amides to the 
corresponding acids with butyl nitrite and hydro
chloric acid furnished poor yields (44-51%) of 
acids; for these acids contained the butyl ester, 
presumably because of water contamination in the 
reactants.

Method B essentially followed the procedure of 
Hudson and Hauser5 substituting sodium hydride

(3) K. Ziegler and H. Ohlinger, A n n . ,  495, 84 (1932).
(4) N. Sperber D. Papa, and E. Schwenk, J .  A m .  C h em . 

S o c ., 70,3091 (1948).
(5) B. E. Hudson, Jr. and C. R. Hauser, J .  A m .  C h em . 

S o c ., 62, 2457 (1940).
(6 ) C. L. Carter and S. N. Slater, J .  C h em . S o c ., 130

(1946).
(7) W. v. E. Doering and K. B. Wiberg, J .  A m .  C h em . 

Soc., 72,2608 (1950).
(8 ) S. Stallberg-Stenhagen, A r k iv .  K e m i ,  3, 273 (1951).
(9) A. Haller and E. Bauer, C o m p t. r e n d ., 148, 127 (1909); 

J. G. Aston, J. T. Clarke, K. A. Burgess, and R. B. Green- 
burg, J .  A m .  C h em . S o c .. 64, 300 (1942); A. A. Sacks and 
J. G. Aston, J .  A m .  C h em . S o c ., 73, 3902 (1951); C. T. 
Lester and J. R. Proffitt, Jr., J .  A m .  C h em . S o c ., 71, 1877 
(1949); C. Schuerch, Jr., and E. H. Huntress, J .  A m .  C h em . 
S o c ., 70, 2824 (1948); J. Cason, J .  O rg. C h e m ., 13, 227 
(1948); A review is given by A. C. Cope, H. L. Holmes, 
and H. O. House, O rg a n ic  R e a c tio n s , IX, 107-331 (1957).

(10) C f. also G. L. Goerner and A. A. Holzschuh, J .  
O rg. C h e m ., 23, 1346 ( 1958).

( 1 1 ) C. L. Stevens and T. II. Coffield, J .  A m .  C h em . S o c .,  
73, 103(1951).
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TABLE I
î-A lk y lca rbon itriles , R(C«Hs)(CHj)C—CN

R Yield, %
B.P.

/ r 5n  D fi/25

Cl,'C Nitrogen
°C., (mm. Hg) Calcd. Found

C;H5 12° 153-154(744) 1.4072 0.8034 12.60 12.36
W-C3H7 52" 172-173(748) 1.4138 0.8062 11.19 10.93
«-C4H s 70c 94-95(27) 1.4196 0.8095 10.06 9.78
n-CoHn 68° 120-121(44-47) 1.4237 0.8123 9.14 9.01
71-C6H 13 66c 114-115(15-16) 1.4274 0.8147 8.37 8 .2 1

a This product was a by-product from the monoalkylation of propanenitrile. 6 In this run 0.3 mole of 2-methylbutanenitrile, 
0.375 mole of bromide, and 0.3 mole of sodium amide were used. c In these runs 0.5 mole of 2-methylbutanenitrile, 0.625 mole 
of alkyl bromide, and 0.5 mole of sodium amide were used.

for triphenylmethylsodium as the alkylating agent. 
The alkylation yields (41-47%) with normal iodides 
were lower than the 59% yield reported for the 
preparation of ethyl 2-ethyl-2-methylpentanoate.6 
However, the availability of sodium hydride and 
the ease of operation makes this the preferred pro
cedure. Hydrolysis of the esters was essentially 
quantitative.

Method B
RI

CH3CH2—C(CH3)—COOC2H5 ------------ *-
NaH

H 41-47%
KOII

CII3CH2—C(CHi)—COOCiH5 ------------- —
I OfCHtCHtOHR

R  9 1 - 9 4 %

C2H5— C(CH3)—c o o hA
R = K-C3H7, re-CJL, n-C6H„.

The partial resolution of three of these acids was 
effected by extensive crystallization of their brucine 
salts. The specific rotations ([<*]“ ) of these acids 
were low: +1.05°, +1.23° and +2.34° for 2-ethyl-
2-methylpentanoic, 2-ethyl-2-methylhexanoic and 
2-ethyl-2-methylheptanoic acids, respectively.12 13 
The homologous acids reported in the literature 
have recorded higher rotations: 2-ethyl-2-methyl- 
eicosanoic acid, [a]o — 4.28°s and 2-ethyl-2,4- 
dimethylpentanoic acid, [a]n +21.550.7

EXPERIMENTAL

The starting alkyl bromides and iodides, 2-methyl- 
alkanoic acids and propanenitrile were obtained commer
cially. Their boiling points agreed with literature values. 
Ethyl 2-methvlbutanoate, ethyl 2-methylpentanoate, and 
ethyl 2-ethylhexanoate were prepared in 88%, 8 2 .5 % , and 
89% yields from the acids by the benzene method of Pink
ney. 15 Sodium and ammonia used for the preparation of 
sodium amide14 were reagent grade. Fifty percent of sodium 
hydride emulsion in mineral oil supplied by Metal Hydrides, 
Inc., or by Caller}’ Chemicals was usually used as alkylating

( 12) 2-Ethyl-2-methyleicosanoic acid has a molecular 
rotation of —15.2° (ref. 8 gives [a] d3 —4.28°). Thus, assum
ing that homologues have nearly the same molecular rota
tion, the estimated specific rotations for the three acids re
solved in this work would be 10.5°, 9.6°, and 8.8°.

(13) P. S. Pinknev, O rg. S y n th e s e s , Coll. Vol. II, 265
(1943).

(14) M. T. Leffler, O rg a n ic  R e a c tio n s , I, 99 (1942).

agon-.; but, crystalline sodium hydride (Metal Hydrides) 
was used in some instances. Dioxane was purified by the 
method of Fieser16 or merely by distilling the dioxane from 
sodium.

All boiling points and melting points were uncorrected. 
Densities were taken in absolute units (g./cc.). Elemental 
analyses were performed by Micro-Tech Laboratories, 
Skokie, Illinois, and Drs. Weiler and Strauss, Oxford, 
England. Rotations were observed in a Rudolph Polarimeter 
with a Lippich double field polarizer. All final distillations 
were effected in a 60-cm., heated Vigreux column with no 
head (V-l), in a 40-cm., helix-packed column equipped with 
a total reflux, partial take-off head (V-2) or in a 25-em., 
unheated helix-packed column with no head (V-3).

2 -M e th y lb u ta n e n i tr i le  was prepared in 30-36% yields by 
the reaction of 2.0 moles of propanenitrile with 3.0 moles of 
ethyl bromide in boiling ether with a suspension of 2.0 
moles of sodium amide.14 (This method was essentially that 
described below for 2-ethyl-2-methylpentanenitrile.) The 
purified product had a boiling point of 124-126° (746 mm.), 
m2d L3875. The literature11 reports b.p. 123-125°, w2„5
l.  3885. The yield was reduced by using an equivalent amount 
of bromide (14%), by using a lower temperature of 10- 
20° (25%), or by changing the solvent to benzene (12%).

Accompanying the desired product in 12% yield was the 
higher-boiling dialkvlation product 2 -e th y l-2 -m e th y lb u ta n e -  
n i lr i le  (see Table I ).

A similar procedure using sodium hydride and butyl 
bromide has been reported.10 However, this nitrile would 
have been prepared more efficiently by dehydration of the 
amide.11

2 -M e th y lb u ta n a m id e  prepared4 from the nitrile melted at 
109-111°. Newbold and Spring16 reported a melting point
1 1 1 - :  1 2 °.

2 -E th y l-2 -m e th y lb u ta n a m id e  was prepared4 in 74% yield:
m. p. 75.5-78.5° (reported,17 m.p. 78-79°).

2 -E lh y l-2 -m e lh y lp e n ta n e n ilr i le . This alkylation was run
under a nitrogen atmosphere in a three-necked flask equipped 
with a stirrer, condenser, and a dropping funnel also fitted 
with a stirrer. Sodium amide, prepared from 8 g. of sodium 
and about 200 ml. of anhydrous ammonia,14 was suspended 
in 100 ml. of toluene and was placed in the dropping funnel. 
A solution of 25.5 g. of 2-methylbutanenitrile, 46.1 g. of 71-  
p r o p y l  bromide, and 50 ml. of toluene was placed in the 
flask and the black amide suspension was added in 90 min. 
while the reaction mixture was heated gently under reflux. 
Reflux of the stirred mixture was continued for 2 hr. by 
which time the mixture had turned gray. (The time of reac
tion was established by measurement of the ammonia 
evolved during reaction.)

(15) L. F. Fieser, E x p e r im e n ts  i n  O rg a n ic  C h e m is tr y , 3rd 
Ed., D. C. Heath and Co., New York, N. Y. (1957) p. 285.

(1C) G. T. Newbold and F. S. Spring, J .  C h e in . S o c ., 373
(1947).

(17) A. Haller and E. Bauer, C o m p ì, r e n d ., 148, 130
(1906).
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The reaction mixture was filtered to remove the solids 
and the solution was distilled (V-2). After removal of the 
solvent and forerun (b.p. 93-170°) the product was ob
tained: b.p. 170-173°; 19.5 g. (52%); re2D5 1.4138-1.4140.

When ether or benzene were solvents, the yields were 
reduced to 0' c or 35%, respectively. Addition of the sodium 
amide in 30 min. reduced the yield to 44%.

Repetition of this procedure using ra-butyl bromide, 
»-amyl bromide and »-hexyl bromide gave 70%, 68%, and 
60% yields of trialkylacetonitriles. The properties of the 
purified products are summarized in Table 1.

2 -E th y l-2 -m e th y lp e n ta n a m id e . A mixture of 25.0 g. of 2- 
ethyl-2-meth}ipentanenitriIe and 300 g. of 80% (by weight) 
sulfuric acid was heated and stirred a t 85-95° for 12 hr.4 
The brownish reaction mixture was poured into ice and ex
tracted three times with benzene. After washing the extracts 
with sodium carbonate solution and drying with magnesium 
sulfate, the solvent was removed and the product was dis
tilled under reduced pressure: b.p. 91-116° (1 mm.); 19.2 g. 
(07%).

A somewhat lower yield (56%) resulted when 80% (by 
volume) sulfuric acid was used. The results of the other 
nitrile hydrolyses run essentially in the same way are as
sembled in Table II.

TABLE II
A m i d e s , R(CoH5)(CH3)C—CONHo, f r o m  H y d r o l y s i s  o f  

¿ -A l k y l c a r b o n i t r i l e s

Boiling Point
Litera- 

Observed ture“

R—

°c„
(mm.
Hg)

°C.,
(mm.
Hg)

Yield,
%

% Nitrogen 
Calcd. Found

CdTr - 142-144 74“
(19)"

re-CjHj— 105-112 134-135 67
(Dd (12)

«-C4H9— 122-132 124-144 84 8.91 8.62
(1) (18)

re-CjHn—■ 127-128 147-153 90 8.18 7.96
(1) (19)

ft-CcHi3— 143-148 152-162 94 7.56 7.18
(1) (18)

“ Results of Carter and Slater (ref. 6). 6 The melting 
point was 75.5-78.5° (lit.,17 78-79°). c This amide was 
extracted from the hydrolysis mixture with nine portions 
of chloroform. d Purified from the product described in the 
Experimental and having m.p. 40-41° (reference 5 gives 
m.p. 42-43°).

E th y l  2 -e th y l-2 -m e th y lp e n ta n o a le . A three-necked flask was 
fitted with a stirrer, a condenser and a thermometer and 
was arranged for a nitrogen atmosphere. After careful dry
ing 45.5 g. of ethyl 2-methylbutanoate, 100 g., of re-propyl 
iodide, 25 g. of 50% sodium hydride emulsion (Callery 
Chemicals), and 100 ml. of purified dioxane15 (or dioxane 
distilled only from sodium) were quickly added to the flask. 
This mixture was heated under gentle reflux for 8 hr. 
(Heating was adjusted so that about 1.25 1. of hydrogen 
per hour was evolved. Passing the evolved gases through 
a Dry Ice-acetone trap demonstrated that some »-propyl 
iodide was entrained.)

After the reflux had been completed 100 ml. of 95% 
ethanol was carefully added to destroy the excess sodium 
hydride. When hydrogen evolution had ceased 600 ml. of 
water was cautiously added. After the two clear phases were 
formed, the mixture was extracted with two portions of 
benzene. The organic extracts were washed with water 
and saturated sodium chloride solution, were dried by filter

ing through sodium sulfate, and were distilled (Y-3). The 
fractions boiling from 120-260° were redistilled (V-2) to 
give 25.5-28 g. (42-47%) of product: b.p. 180-185°, re2D5
l. 4125.

When an approximately equal amount of iodide (0.39 
mole) was used, the yields were 31-32.5%. The use of sodium 
hydride emulsion from Metal Hydrides reduced the yield 
(from 31% to 18% and from 44% to 33% ). The use of 
toluene as solvent reduced yields 10-18% when propj-l 
iodide was used. The substitution of re-propyl bromide for 
the iodide with toluene as solvent gave a 31% yield (c f . 
26% using the iodide in toluene and 44% using iodide in 
dioxane). However, the use of a 200% excess of the re-propyl 
bromide in toluene gave a 41% yield. An old sample of 
crystalline sodium hydride gave poor yields (22-30% ) of 
ester. Attempted alkylation with isopropyl iodide failed 
entirely.

This ester was also prepared in 53.5% yield by the action 
of ethyl iodide on ethyl 2-methylpentanoate. The reaction of 
re-butyl iodide and re-amyl iodide with ethyl 2-met.hvlbutano- 
ate produced e ih y l 2 -e th y l-2 -m e th y lh e x a n o a te  (41.2%) and 
e th y l 2 -e th y l-2 -m e th y lh e p la n o a te  (45.0%), respectively. How
ever, because of halide loss and low reaction temperature 
the alkylation of ethyl 2-ethylhexanoate with methyl iodide 
gave only an 8.2% yield of ethyl 2-ethyl-2-methylhexano- 
ate. The results of all these runs are summarized in Table
m.

H y d r o ly s is  o f  a m id es . 2 -E th y l-2 -m e th y lo c ta n o ic  a c id . As an 
example of amide hydrolysis,4 a mixture of 48.7 g. of 2- 
ethyl-2-methyloctanamide in 300 ml. of dry dioxane was 
saturated with gaseous hydrochloric acid. Then 54 g. of 
re-butyl nitrite18 wras added to the well-stirred solution at 
room temperature over a 50-min. period. After heating the 
mixture for 2 hr. a t 100°, it w'as diluted with three volumes 
of water and extracted with three portions of benzene. The 
benzene extracts were washed with water, four portions of 
10% sodium carbonate, and water.

The aqueous phases were combined and acidified with 
hydrochloric acid. The acid was extracted with benzene; 
the extracts were dried over magnesium sulfate and were 
distilled: b.p. 155-163° (16-17 mm.); 28.0 g. (57%). Curi
ously, the acids still had high neutralization equivalents 
and a repetition of the basic extraction using ether for the 
extracting solvent and redistillation (V-2) gave the pure 
acids whose yields and properties are listed in Table IV.

The neutral benzene extracts were combined, dried over 
magnesium sulfate, and distilled to furnish 19.2 g. (30%) of 
b u ty l  2 -e th .y l-2 -m ethy loc tanoa te: b.p. 100-115° (1 mm.); 
n2D5 1.4314. Redistillation (V-l) of this ester gave the purified 
ester: b.p. 141-144° (15-16 mm.); re2D5 1.4306.

A n a l . Calcd. for CI5H30O2: C, 74.32; H, 12.47; Saponifi
cation equiv., 242.4. Found: C, 74.10; H, 12.56; Saponifica
tion equiv., 241, 240.

Ten grams of this ester was heated under reflux for 6 hr. 
with 10 g. of potassium hydroxide in ethylene glycol. After 
the usual work-up 7.0 g. (91%) of 2-ethyl-2-methjdoctanoic 
acid was obtained; b.p. 148-156° (17 mm.), rey) 1.4380.

Refractionaticn (V-l) of the homologous esters gave the 
purified esters listed in Table IV.

H y d r o ly s is  o f  e th y l esters. 2 - E th y l-2 -m e th y lp e n ta n o ic  a c id . 
Ethyl 2-ethyl-2-methylpentanoate (120 g.) was heated 
under reflux for 5 hr. with 241 g. of potassium hydroxide in 
1360 ml. of diethylene glycol. The mixture was diluted and 
extracted with e*her to remove neutral materials. The aque
ous phases were acidified and extracted with benzene. 
After the usual work-up the acid was distilled to give 91.5 g. 
(91%) of a single fraction: b.p. 127-128° (20-21 mm.); re % 
1.4278; neut. equiv., 145 (calcd., 144.21).

Saponification with alcoholic potassium hydroxide gave 
onlv a 30-35% yield. In ethylene glvcol the yield was 50- 
60%.

(18) W. A. Noves, O rg. S y n th e s e s , Coll. Vol. II, 2nd. Ed., 
108(1943).
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TABLE III
Alkylations to P r o d u c e  E thyl 2-E th y l-2-M ethylalkanoates

Starting Materials __________________ Products, R(C2H5)(CH3;C—COOCTh,___________________
ILR2CHCOOCTL III Sapon, Equiv. Yield,

R,, R2 II R B.P., (mm. Hg) n1 2D5 Calcd. Found“ d25 %

C H 3 ,  C 2H s • M - C 3H 7 n - C 3H 7 1 8 0 - 1 8 5  ( 7 5 2 f 1 . 4 1 2 5 1 7 2 . 3 1 7 2 0 . 8 6 5 4 6 . 8

C H 3 ,  w - C 3 H 7 C Ä , n - C 3 H , 1 8 1 - 1 8 6  ( 7 5 4 ) 5 1 . 4 1 1 5 1 7 2 . 3 1 7 3 0 . 8 6 5 5 3 . 5

C H 3 i C 0H 5 « - C 4H 9, n . - C 4H  9 9 4 - 9 5 ( 2 0 ) 1 . 4 1 8 1 1 8 6 . 3 1 8 6 e 0 . 8 6 3 4 1 . 2

C , H 5 , n - C 4H „ C U 3 H - C 4H  9 9 4 - 9 7  ( 2 0 ) 1 . 4 1 7 8 ------' — — 8 . 2

C I L ,  C 2 H 6 n - C , H „ n - C s H n 1 0 7 - 1 0 8 ( 2 0 ) 1 . 4 2 3 8 2 0 0 . 3 1 9 9 á 0 . 8 6 2 4 5 . 0

“ Saponification equivalents were determined using potassium hydroxide in diethylene glycol. 6 Boiling point was also 
observed a t 80-81° (20 mm.) The literature (ref. 5) reports, b.p. 180-185° . 0 A n a l .  Calcd. for C11H22O»: C, 70.92; H, 11.90. 
Found: C, 71.10; H, 12.20. d Calcd. for C12H240 2: C, 71.95; H, 12.07. Found: C, 71.54; H, 11.86.

TABLE IV
T r i a l k y l a o b t i o  A c i d s , R — ( C 2H 6 )  ( C H s) C — C O O H ,  a n d  B u t y l  E s t e r s  b y  H y d r o l y s i s  o p  A m i d e s

R —

A c i d B u t y l  E s t e r

B . P . ,

( m m .  H g ) Y i e l d “ w 2d d 26

N e u t .  E q u i v .  

C a l c d .  F o u n d Y i e l d 5

B . P . ,

( m m .  H g ) « ■ D

c , h 5— 1 1 1 - 1 1 2  ( 1 6 - 1 7 ) “ 5 0 1 . 4 2 3 3 0 . 9 2 7 3 1 3 0 . 2 1 3 1 . 3 2 7 9 0 - 9 2 ( 1 5 ) 1 . 4 2 0 0

n - C 3H 7— 1 2 7 - 1 2 8  ( 2 1 - 2 2 ) “ 5 0 1 . 4 2 8 1 0 . 9 1 7 7 1 4 4 . 2 1 4 4 . 9 1 2 1 0 3 - 1 0 5 ( 1 5 ) 1 . 4 2 2 9

n - C „ H 9— 1 3 7 - 1 3 8  ( 1 6 - 1 7 ) “ 4 4 1 . 4 3 2 0 0 . 9 0 9 6 1 5 8 . 2 1 5 8 . 3 2 7 1 1 7 - 1 1 8 ( 1 6 ) 1 . 4 2 5 6

n - C o H u — - 1 4 7 - 1 4 9 ( 1 6 - 1 7 ) 7 4 8 1 . 4 3 4 6 0 . 9 0 2 2 1 7 2 . 3 1 7 2 . 4 2 8 1 2 9 - 1 3 1 ( 1 5 ) 1 . 4 2 8 3

n - C 6H j 3— ■ 1 6 0 - 1 6 2 ( 1 6 - 1 7 ) “ 5 1 1 . 4 3 7 7 0 . 8 9 8 2 1 8 6 . 3 1 8 6 . 2 3 0 1 4 1 - 1 4 4 ( 1 5 - 1 6 ) 1 . 4 3 0 6

“ Purified yield.5 Crude yield. 0 The literature (ref. 6) gives b.p. 203-204°, d 125.5-126.5° (23 m m .),e 123-125° (22 mm.), 
f  131-135° (21 mm.), " 135-137° (19mm.).

Z -E ih y l-2 -m e th y lh e x a n o ic  a c id  was prepared using 102 g. 
of the ethyl ester, 180 g. of potassium hydroxide and 1020 
ml. of diethylene glycol. The acid was obtained in 90.5% 
yield: 78.0 g.; b.p. 137-138° (16-17 mm.); n ?D5 1.4322; neut. 
equiv., 157 (calcd., 158.23).

2-E th y l-% -m eth .y lh ep ta n o ic  a c id  was prepared in 94% yield 
by boiling a mixture of 110 g. of the ethyl ester, 180 g. of 
potassium hydroxide, and 1020 ml. of diethylene glycol for 
8 hr. The product boiled at 148-149° (17 mm.); 89.0 g.; 
rc2u5 1.4346; neut. equiv., 173 (calcd., 172.26).

R e s o lu tio n  o f  S -e th y l-S -m e th y lp e n ta n o ic  a c id  w ith  b ru c in e . 
A mixture of 21.6 g. of the di-acid, 59.1 g. of brucine, and 
130 ml. of absolute ethanol was allowed to crystallize pro
ducing 39 g. of salt, m.p. 81-82°. Six more crystallizations 
furnished 13.8 g. of salt: m.p. 83°; [a]2D5 —38.06° (95% 
ethanol; c, 8). Decomposition of this brucine salt in hydro
chloric acid, extraction with ether, and distillation gave
2.1 g. (10%) of (A - )-S -e lh y l-S -m e th y lp e n ta n o ic  a c id ;  b.p. 
127° (20 mm.); a 2D5 +0.970° (homogeneous, 1 dm.); [«]2U5 
+  1.05°.

The mother liquors were concentrated according to the 
usual diamond scheme to give 29.0 g. of yellowish crystals: 
m.p. 80-81°, [o:]2D3 —40.62° (95% ethanol; c, 8). Decom
position of this salt gave 2.7 g. of ( - ) - S - e th y l - S - m e th y lp e n -  
ta n o ic  a c id ;  b.p. 127° (20-21 mm.); [a]2D5 —0.58° (homo
geneous).

An attempted resolution wdth quinine produced a 24% 
yield of quinine salt after seven crystallizations from 
ethanol: m.p. 131.5°; [a] —131.4° (95% ethanol; c, 8). 
Decomposition of this salt gave 2.3 g. of the acid: b.p. 128° 
(21 mm.); %]2D5 —0.14°. The tail fraction gave the ( +  )- 
acid, [<*]2d5 +0.12°. Cinchonine, strychnine, and ( — )-<*- 
phenylethylamine failed as resolving agents.

( +  ) -2 -E th y l-2 -m e th y lh e x a n o ic  a c id  was resolved in 5.1% 
yield by nine crystallizations of the brucine salt in ethyl 
acetate: the salt, m.p. 89°; the acid, b.p. 137° (17 mm.); 
a 2o +1.12° (homogeneous, 1 dm.); [a]2D5 +1.23°.

The ( - ) - a c i d  from the tail fraction had the value, [a]2D5 
—0.58° (homogeneous).

( - f ) -S - E th y l- S - m e th y lh e p ta n o ic  a c id  was resolved in 6.1% 
yield by eight crystallizations of the brucine salt from ethyl

acetate: the salt; m.p. 73°; the acid, b.p. 148° (16-17 mm.); 
a 2D5 +2.11° (homogeneous, 1 dm.); [«]2D5 +2.34°.

The tail fraction gave ( — )-a.cid, [a]2D —1.13°.

C h e m i s t r y  D e p a r t m e n t  
D e  P a u l  U n i v e r s i t y  
C h i c a g o  14, III .

S u b s t i t u t e d  7 - L a c to n e s .  IY . S o m e  A ld e h y d e  
C o n d e n s a t io n s  w i th  A 3 , 7 - A n g e lic a -  a n d  

y -V  a l e r o la c to n e 1

H a n s  Z i m m e r , D o l o r e s  G r a c i a n , 2 a n d  J o h a n n e s  R o t h e 3 

R eceived  N o v em b er 5 , 1059

In connection with some previous work4 we were 
interested in preparing 7-lactones with a-benzyli- 
dene or cr-benzyl substituents. These compounds 
have potential value due to some of their pharma
cological effects; they also serve as model com
pounds for further experiments directed towards 
the synthesis of lignans of the a,/3-dibenzylbutyro- 
lactone type.

In this note we describe some condensations of 
As,7-angelicalactone and 7-valerolactone with

(1) Paper I I I  of this series, see J. Rothe and H. Zimmer, 
J .  O rg. C h e m ., 24, 586 (1959).

(2) Taken from the M.Sc. Thesis of D. G., Univ. of Cin
cinnati (1958).

(3) Chattanooga Medicine Company Post-Doctorate Re
search Fellow 1956-58.

(4) Part I, H. Zimmer and J. Rothe, ./. O rg. C h e m ., 24,
28 (1959).
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TABLE II
H y d r o g e n a t i o n  P r o d u c t s , III

Cpd.
Yields from

M.P. Formula
Calcd. Found

I II C II C H
Ilia — 95 a C14H,,NO, 72.07 8 .2 1 71.28 8.25*
Illb 70 97 62-64ö'c C14H18O4 67.18 7.25 67.65 7.38
IIIc 41 90 68-69° C16H22O4 69.04 7.97 69.17 7.94

a B.p. 202-203°/4 mm. 6 B.p. 190-191°/! mm. c Recrystallized from methanoL a Calcd.: N, 6.00. Found: N, 6.00.

certain aromatic aldehydes. Reactions of this type 
are known and give products of type I5 6 and II.6 
In either case, 3-nitrobenzaldehyde furnished 
comparatively low yields of the desired condensa
tion products, contaminated by large amounts of 
brown tars and resins. This fact confirm previous 
observations4 regarding the influence of electron- 
withdrawing groups in the aromatic aldehyde on 
the result and yield of the reaction. Hydrogenations 
of either I or II led to a-benzvl-y-valerolactones
(III), the yields from II being comsiderably higher 
than from I.

a. Ar =  4-CH3NC6H4; b. Ar =  3,4-(CH30 )2C6H3;
c. Ar =  3,4-(C3H 50 )2C6H3; d. Ar =  3-02NC6H,.

The structures of type I and type II compounds 
have been established (a) by carbon, hydrogen 
analysis, (b) infrared spectra, and (c) by the fact 
that they lead to identical hydrogenation products 
of type III.

E X P E R I M E N T A L

Melting points are uncorrected. Microanalysis are by A. 
Bernhardt, Microanalytisches Laboratorium im Max- 
Planck-Institut, Miilheim/Ruhr, Germany.

M a te r ia ls . Generally Eastman White Label products 
were employed without further purification.

a -(4 -D irrw th y la m in o b e n zy lid e n e )-A ^ -y -a n g e lic a la c to n e  (la). 
A^'i-Angelicalactone7 (0.08 mole), 4-dimethylaminobenz- 
aldehyde (0.1 mole) and diethylamine (c a . 2 ml.) were heated 
on a water bath for 1 hr. After cooling to room temperature, 
the excess aldehyde was removed by shaking with sodium 
bisulfite solution. The remaining yellow solid was filtered 
and recrystallized from methanol-petroleum ether (2 : 1 ); 
yield 7.4 g. (40%), orange leaflets, m.p. 120-121°.

A n a l .  Calcd. for C,4H16N 0 2: N, 6.11. Found: N, 6.23.
a A 3 A -D im e th o x y b e n z y l id e n e ) -b P ^ -a n g e l ic a ia c to n e  (lb) was 

prepared similarly from veratraldehyde, but in benzene 
solution (initial cooling with water, then 30 min. heating 
on a water bath with stirring), to give yellow prisms from 
methanol, m.p. 118-119°, yield 40%. The compound slowly 
turns orange under the influence of light.

(5) J. Thiele, R. Tischbein and E. Lossow, A n n . ,  319, 
180 (1901); W. F. v. Oettingen, J .  A m .  C h em . S o c ., 52, 
2024 (1930); P. B. Russel, A. R. Todd, and W. S. Waring, 
B io c h em . J . ,  45, 530 (1949); D. H. Marrian, P. B. Russell, 
and A. R. Todd, B io c h e m . J . ,  45, 533 (1949); A. Dornow 
and G. Wedekind, A r c h . P h a r m .,  286, 388 (1953).

(6 ) M. S. Losanitsch, M o n a ls h ., 35, 311 (1914).
(7 ) J. H. Helberger, S. Ulubay, and II. Civelecoglu, A n n . ,  

561, 215 (1949).

A n a l .  Calcd. for Ci4Hi40 4: C, 68.28; H, 5.73. Found: C, 
68.21; H, 5.64.

a - (3 ,4 -D ie th o x y b e n z y lid e n e ) -A ^ 'r -a n g e lic a la c to n e  (Ic) was 
prepared from S,4-diethoxybenzaldehyde (no solvent, 40 
min. heating on a water bath) to give yellow crystals from 
methanol, m.p. 100-101°, yield 43%.

A n a l .  Calcd. for Ci6IIiS0 4: C, 70.05; II, 6.61. Found: C, 
69.85; H, 6.69.

c t-{3 -N itro b e n zy lid e n e )A P ’y -a n g e lica la c to n e  (Id) was pre
pared from 3-nitrobenzaldehyde (no solvent, initial cooling 
with ice salt, then standing overnight). The crude resinous 
product was dissolved in methylene chloride and chromato
graphed on neutral alumina. A yield of 70%, as yellow 
needles from methanol, m.p. 154-155°, was obtained 
besides much noncrystalline material.

A n a l .  Calcd. for C12H 9N 0 4: C, 62.34; H, 3.92; N, 6.06. 
Found: C, 62.12; H, 3.97; N, 6.30.

a - (4 -D im e th y la m in o b e n z y lid e n e )-y -v a le r o la c lo n e  (Ila) was 
obtained from the aldehyde and -y-valerolactone in benzene 
with sodium methoxide as condensing agent (1.5 hr. stirring 
at room temperature; yield 69%; see ref. 4) as yellow leaflets 
from methanol, m.p. 130-131°.

A n a l .  Calcd. for C14H „N 02: N, 6.06. Found: N, 6.11.
Similarly, the following were prepared: a - (3 ,4 -d im e lh o x y -  

b e n zy lid e n e )-y -v a le ro la c to n e  (lib ), m.p. 116° (from meth
anol); yield 54%.

A n a l .  Calcd. for C14H 160 4: C, 67.73; H, 6.50. Found: 
C, 67.51; H, 6.49.

a -(3 ,4 -D ie th o x y b e n z y lid e n e )-y -v a le r o la c to n e  (lie), m.p. 110- 
112° (from methanol); yield 40%.

A n a l .  Calcd. for Ci6H20O4: C, 69.54; H, 7.30. Found: 
C, 69.68; H, 7.12.

a - (3 -N itr o b e n z y l id e n e ) -y -v a le r o la d o n e  (lid), m.p. 110— 
11 2 °, yellow crystals from methanol; the product was 
isolated in a small yield only and was separated from much 
resinous material by chromatography of its solution in 
methylene chloride on alumina.

A n a l .  Calcd. for C12H „N 04: C, 61.80; H, 4.75; N, 6.01. 
Found: C, 61.56; H, 4.89; N, 6.20.

H y d r o g e n a tio n s . These were performed using an Adams 
catalyst in methanol in a Parr apparatus (50 p.s.i. initial 
pressure). The results are tabulated below.

U n i v e r s i t y  o f  C i n c i n n a t i

D e p a r t m e n t  o f  C h e m i s t r y

C i n c i n n a t i  2 1 ,  O h i o

2 - A c e ty l - 6 - m e th o x y c o u m a r a n - 3 - o n e .  

B e n z y la t io n  a t  t h e  T e r m in a l  M e th y l  G r o u p 1

W m . I v o  O ’S u l l i v a n  a n d  C h a r l e s  R .  H a u s e r

R ece ived  N o v em b er %, 195 9

Wheeler and co-workers2 have synthesized a num
ber of coumaran-3-ones by rearrangement of the

(1) Supported by the Oflice'of Ordnance'Research,rU. S.
Army.
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appropriate o-acyloxy-co-chloroacetopheiione in di- 
oxane by means of sodium hydride, which is a 
modification of the method of Auwers.8 We have 
similarly effected the rearrangement of the o-ace- 
toxy-co-chloro-4-methoxyacetophenone (I) to form 
the coumaranone II in 80% yield.

CH30 % % ]0 C 0 C H 3

'■ ^C O C H jCJ
I

CH30
.0

/  
c

II 0

CHCOCH 3

The coumaranone II was prepared for the pur
pose of studying the possibility of effecting con
densations at its terminal methyl group similar 
to those realized recently2 3 4 5 with certain simpler ¡3- 
diketones. For example, acetylacetone was benzyl- 
ated through its dipotassio salt III to form the 
terminal methyl derivative IV in 60% yield.4

CH8COCH(K)COCH2K  c h 3c o c h £c o c h 2c h .2c 6h 6

III IV

The coumaranone II was added to two molecular 
equivalents of potassium amide in liquid ammonia 
to form presumably the dipotassio salt II ', which 
was treated with one equivalent of benzyl chloride. 
However, none of the corresponding monobenzyl 
derivative could be isolated. Instead, there was ob
tained the copper chelate of a product which, on 
the basis of analysis, was the dibenzyl derivative V. 
A considerable amount of the starting /3-diketone II 
was recovered as its copper chelate.

CH3Of̂ V '° \ K
T  IT ; c c o c h 2k

II
11 ' o

CH* ° r  T  \fIICO CH (CH 2 C6H5 ) 2 

N
V 0

The possible dibenzyl derivative that might have 
resulted from alkylation at both the methyl and 
methinyl groups of II through II ' could not have 
formed a copper chelate. Another example of di
benzylation at the terminal methyl group has re
cently been observed with o-hydroxyacetophenone.6

An unsuccessful attempt was made to effect the 
benzoylation of dipotassio salt I I ' with methyl 
benzoate under the conditions that were found 
satisfactory with dipotassio salt I I I .4

E X P E R IM E N T A L 6

2-Acetoxy-u-chloro-4-methoxyacetophenone (I). A solution 
of resorcinol dimethyl ether and chloracetyl chloride in 
carbon disulfide was treated with anhydrous aluminum 
chloride as described previously7 to form w-chloro-2-hy- 
droxy-4-methoxyacetophenone.

A mixture of 20 g. (0.086 mole) of this compound, 40 ml. 
of acetic anhydride, and one drop of 70% perchloric acid 
was kept at room temperature for 1 hr., and then stirred 
with water for several hours (to hydrolyse the excess acetic 
anhydride). The resulting precipitate was collected on a 
funnel and washed with water. It was recrystallized from 
ethanol and then from ligroin to give 23 g. (95%) of the 
product I (white cubes), m.p. 99-100°.

Anal. Calcd. for CnHuChCl: C, 54.44; H, 4.57; Cl, 14.61. 
Found: C; 54.47; H, 4.58; Cl, 14.59.

S-Acetyl-6-methoxycoumaran-S-one (II). To a stirred solu
tion of 60 g. (0.252 mole) of 2-acetoxy-w-chloro-4-meth- 
oxyacetophenone in 500 ml. of dioxane (purified by Vogel’s 
method)8 was added 15 g. of a 48.5% suspension of sodium 
hydride in mineral oil (0.32 mole of sodium hydride). The 
reaction mixture, which was kept under an atmosphere of 
nitrogen, was brought to a temperature of 50-60°, and the 
stirring was continued until hydrogen ceased to evolve (3-4 
hr.). After adding a small quantity of methanol to destroy 
the excess sodium hydride, the precipitate of the sodium 
salt of the product was collected and washed with ether. 
I t was dissolved in water and the cooled solution was acidi
fied. The resulting precipitate was collected, washed with 
water, and dried to give 40.5 g. (80%) of crude 2-acetyl-6- 
methoxycoumaran-3-one. After recrystallization once from 
n-hexane and twice from ethanol the product was obtained 
as orange-brown cubes, m.p. 117-118°.

Anal. Calcd. for CuHioCh: C, 64.67; H, 4.8. Found: C, 
64.53; H, 4.85.

The compound gave a green enol test with ferric chloride, 
and formed a green copper chelate which was washed with 
water, ethanol, and ether. Attempts to recrystallize the 
chelate from several solvents were unsuccessful. The dried 
chelate decomposed between 275 to 285°. Its infrared spec
trum showed the following peaks: 3.4, 6.18, 6.28, 6.35, 6.53,
6.73, 6.93, 7.15, 7.4, 7.7, 7.85, 8.15, 8.5, 8.7, 9.15, 9.85, 10.6, 
11.35, 12.25, 12.9, 13.15, 13.8, 14.3, U.by.

Benzylalion of II. To a stirred solution of 0.484 mole of 
potassium amide in liquid ammonia4 was added in small 
portions 5 g. (0.0242 mole) of 2-acetyl-6-methoxycoumara- 
none (II). After stirring for 15-30 min., 3.08 g. (0.0242 mole) 
of benzyl chloride was added and the stirring was continued 
for 2 hr. An excess (2.5 g.) of solid ammonium chloride was 
added and the ammonia was evaporated as an equal volume 
of ether was added. The resulting ethereal suspension was 
shaken with water to dissolve the inorganic salts. The 
aqueous and ethereal layers were separated, the aqueous 
layer being discarded. The ethereal layer was extracted 
with a saturated aqueous solution of copper acetate to pre
cipitate 3.3 g. of the copper chelate of the starting com
pound II which, after washing with water, ethanol, and 
ether, was identified by its infrared spectrum. The ethereal 
filtrate was evaporated to precipitate 2.3 g. (21%, based on 
benzyl chloride) o: copper chelate of 2-dibenzylacetyl-6- 
methoxycoumaran-3-one (V) which, after recrystallization 
from ethanol, melted at 205-207°. Its infrared spectrum

(2) E. M. Philbin, W. I. O’Sullivan, and T. S. Wheeler, 
J. Chem. Soc., 4174 (1954).

(3) K. Auwers, Ber., 43, 2192 (1910).
(4) C. R. Hauser and T. M. Harris, J .  Amer. Chem. S o c ., 

80, 6360 (1958); T. M. Harris and C. R. Hauser, J. Am. 
Chem. S o c ., 81,1160 ( 1959).

(5) R. B. Meyer and C. R. Hauser, J. Org. Chem., 23,158
(1960).

(6) Melting points were taken on a Fisher-Johns melting 
point apparatus. Infrared spectra were produced with a 
Perkin-Elmer, Model 21 Infrared Spectrophotometer. 
Elemental analyses were by Galbraith Microchemical 
Laboratories, Knoxville, Tenn.

(7) K. Auwers and P. Pohl, Annalen, 405, 264 (1914).
(8) A. I. Vogel, “Practical Organic Chemistry,” Long

mans, Green and Co., London, 1956, p. 177,
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showed the following peaks: 3.3, 3.45, 6.18, 6.35, 6.55, 6.7, 
6.95, 7.45, 7.75, 7.9, 8.2, 8.5, 8.7, 9.35, 12.15, 13.05, 13.4, 
4.35m (potassium bromide pellet).

Anal. Calcd. for CaH^OsCu: C, 71.98; H, 5.07; Cu, 7.62. 
Found: C, 71.80; H, 5.09; Cu, 7.52.

D e p a r t m e n t  o f  C h e m i s t r y  
D u k e  U n i v e r s i t y  
D u r h a m , N. C .

T h e  N i t r a t io n  o f
3- C h lo ro -4 - io d o n i tro b e n z e n e

R. S. K a p i l 1 2 3 4 5 6 7 8 9 10 11 12 13 1

Received August 11, 1959

Halonitrobenzenes are important intermediates 
in the synthesis of a variety of compounds such as 
phenylhydrazine,2 phenylsemicarbazide,3 benzo- 
triazole,4-5 phenoxazine,6 and anthranil.7 In a 
program8'9’10 on preparation of such compounds, 
the nitration of 3-chloro-4-iodonitrobenzene was 
undertaken for detailed investigation. Although it 
might give a mixture of dinitroisomers, only 1- 
iodo-2-chloro-4,6-dinitrobenzene11 was isolated. It 
reacts with hydrazine hydrate to give 2-chloro-4,6- 
dinitrophe ny lhydrazine.12

E X P E R IM E N T A L 13

Nitration of 3-chloro-^-iodonitrobenzene. To a suspension of 
3-chloro-4-iodonitrobenzene (10 g.) in cone, sulfuric acid 
(42 ml., d., 1.82), fuming nitric acid (14 ml., d., 1.5) was 
added dropwise with vigorous shaking. When all the nitric 
acid was added, it was heated on a water bath for an hour 
and poured on crushed ice. The yellow crystalline solid was 
filtered and recrystallized successively from acetic acid, 
methanol, and ethanol to give l-iodo-2-chloro-4,6-dinitro
benzene (7 g.) in yellow needles, m.p. 118°. Mixed melting 
point with an authentic sample of l-iodo-2-chloro-4,6- 
dinitrobenzene remained undepressed.

Anal. Calcd. for C6H2N/),CII: Cl +  I, 49.4. Found: 
Cl +  I, 49.2.

(1) Present address: Central Drug Research Institute, 
Lucknow (India).

(2) R. S. Kapil and S. S. Joshi, J. Indian Chem. Soc., 36, 
417 (1959).

(3) R. S. Kapil and S. S. Joshi, J. Indian Chem. Soc., 36, 
505 (1959).

(4) S. S. Joshi and S. P. Gupta, J. Indian Chem. Soc., 35, 
681 (1958).

(5) H. Singh and R. S. Kapil, J. Org. Chem., 25, 657 
(1960).

(6) S. S. Joshi and S. P. Gupta, J. Indian Chem. Soc., 36, 
329 (1959).

(7) S. S. Joshi and I. R. Gambhir, J. Am. Chem. Soc., 78, 
2222 (1956).

(8) R. S. Kapil and S. S. Joshi, J. Indian Chem. Soc., 36, 
593 (1959).

(9) R. S. Kapil, Chem. Soc., 24, 4127 (1959).
(10) R. S. Kapil, ./. Org. Chem., in press (1960).
(11) S. S. Joshi and D. S. Deorha, J. Chem. Soc., 2414

(1957).
(12) S. S. Joshi and D. S. Deorha, J. Indian Chem. Soc., 

28, 34 (1951).
(13) All melting points are uncorrected.

2-Chl.oro-/,,6-dinitrophenyl.hydrazine. To a cooled solution 
of l-iodo-2-chloro-4,6-dini trobenzene (1 g.) in ethanol 
twice the equivalent quantity of hydrazine hydrate was 
added. 2-Chloro-4,6-dinitrophenylhydrazine was filtered 
after an hour, m.p. 175° (lit.12 m.p., 175°). After two 
recrystallizations from ethyl acetate, yellow' needles (0.5 
g.) melting at 190° were obtained.

Anal. Calcd. for C6Hr,N40 4Cl: Cl, 15.2. Found: Cl, 15.1.
The acetyl derivative prepared by the acetic acid-acetic 

anhydride method crystallized in lemon yellow needles from 
ethanol, m.p. 189°.

Anal. Calcd. for C8H,N40 5C1: Cl, 12.9. Found: Cl, 12.7.
The benzoyl derivative prepared by the pyridine method 

crystallized in colorless needles from ethanol, m.p. 208°.
Anal. Calcd. for C,.,H9N40 5C1: Cl, 10.5. Found: Cl, 10.2

Acknowledgment. The author wishes to express 
his gratitude to Dr. S. S. Joshi, D.Sc., Principal, 
Meerut College, Meerut (India) for his keen in
terest during the progress of this work.

D e p a r t m e n t  o f  C h e m i s t r y

M e e r u t  C o l l e g e

M e e r u t , I n u i a

R e a c tio n s  o f  N itro h y d ro x y c h a lc o n e s .
O x id a tio n  b y  H y d ro g e n  P ero x id e  

in  A lk a lin e  M e d iu m

S. S e s h a d r i 1 a n d  P. L. T r i v e d i 2

Received September 3, 1959

In earlier publications,3 we had communicated 
our observations regarding the isomerization of 
some nitrohydroxychalcones to flavanones and the 
conversion of nitrohydroxychalcones to flavones. 
The behavior of some of these chalcones towards 
alkaline hydrogen peroxide oxidation is now re
ported. The chalcones studied were 2',4'-dihydroxy- 
3'-nit,rochalcone derivatives (type I) and 2 ',6 '- 
dihydroxy-3'-nitrochalcone derivatives (type II). 
The type I chalcones on oxidation yielded the cor
responding 3,7-dihydroxy-8-nitroflavone deriva
tives (type III), while the type II chalcones gave 
2 - benzylidene - 4 -hydroxy-7-nitro-3 (2H) -benzofura- 
none derivatives (type IV). The constitutions were 
fully supported by color tests and analytical 
values.

The oxidation of type I chalcones gave products 
that gave a yellow coloration with concentrated 
sulfuric acid, and with ferric chloride a pale 
purplish-brown color characteristic of 3-hydroxy 
flavones. The enhanced halochromism of the 3- 
hvdroxyflavones with ortho and para alkoxy sub
stitution is shown in Table I.

(1) Present address: Chemistry Department, Ohio State 
University, Columbus 10, Ohio.

(2) Present address: Chemistry Department, Dharmin- 
drasinjhi College, Rajkot, India.

(3) S. Seshadri and P. L. Trivedi, J. Org. Chem., 22, 1633
(1957) and 23, 1735 (1958).
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The products of oxidation of the type II chal- 
cones, on the other hand, gave deep red colors with 
concentrated sulfuric acid, the colors being com
parable to those given by the original chalcone 
itself. Because of the 4-hydroxy group they also 
gave a reddish-brown color with alcoholic ferric 
chloride. The alternative structure, 2-benzylidene-
4-hydroxy-5-nitro-3(2H)-benzofuranone (V), was 
eliminated from a study of the reactivity of the 
hydroxyl group. Products could be acetylated 
even at room temperature by acetic anhydride and 
pyridine. Structure V contains a hindered hydroxyl 
group which will not undergo such ready acetylation. 
The reactivity of 5-hydroxy-8-nitroflavone and the 
nonreactivity of 5-hydroxy-6-nitroflavone towards 
acetylation of the hydroxyl group4 may be cited 
as an analogous case.

The formation of 3-hydroxyflavones from chal- 
cones of type I was expected as it has been shown 
that the nitro group does not affect the normal 
reaction to give 3-hydroxyflavones.5

The type II chalcones, however, possess a 
6 '-hydroxyl group which is chelated. A survey of 
the literature showed that oxidation of 6 '-hydroxyl 
chalcones had not been carried out so far. On the 
basis of the mechanism of the abnormal reaction, 
postulated by Geissman,6 * the 6 '-hvdroxyl group 
should be expected to have the same influence as a 
6'-methoxy or methyl group. Chalcones with a 
6'-hydroxyl group should therefore be expected 
to give rise to 2-benzylidene-3(2H)-benzofuranones. 
The formation of the benzylidene benzofuranones 
shows that the nitro group does not alter the course 
of the abnormal reaction either.

E X P E R IM E N T A L

General procedure for oxidation of the chalcines. Sodium 
hydroxide solution (10 ml.: 10%) was added to the chalcone 
(0.5 g.). If an insoluble sodium salt formed (as in the case of 
type I chalcones), sufficient pyridine was added to dissolve 
it. Hydrogen peroxide solution (15 ml.; 20 vols.) was gradu

(4) R. M. Naik and V. M. Thakor, Proc. Indian Acad. 
Sci., 37A, 774 (1953).

(5) F. A. Atchabba, P. L. Trivedi, and G. V. Jadhav, 
J. Univ. Bombay, 26(5), 1 (1958).

(6) T. A. Geissman and D. K. Fukushim^, J. Am. Chem.
Soc., 70, 1680 (1948).

ally added to this solution of the chalcone which was kept 
in ice. After addition, the reaction mixture was left in the 
refrigerator for 4 days and then for a day at room tempera
ture (about 30c). The reaction mixture was then acidified 
by dilute hydrochloric acid and the precipitate obtained 
crystallized from a suitable solvent. Yields: 80 to 100 mg.

In the case o: 2',6'-dihydroxy-3'-nitrochalcone, the reac
tion mixture on acidifying gave a very small amount of 
yellowish white material which was very soluble in the 
usual solvents and could not be crystallized.

The benzylidene benzofuranones obtained from the type 
II chalcones were acetylated as follows: A 50-mg. sample of 
the compound vvas dissolved by heating in acetic anhydride 
(5 ml.) and a few' drops of pyridine. The reaction mixture 
wras then left at room temperature overnight. The solid 
obtained from the usual work-up was crystallized from a 
suitable solvent.

The physical and chemical properties of the compounds 
obtained and their analyses are given in Table I.

Acknowledgments. We are grateful to Dr. G. V. 
Jadhav for his keen interest in the work.
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Several years ago we had occasion to prepare the 
then unknown A-hydroxymethyldodecanamide-
(Ia) for use as an analytical standard. Its straight
forward preparation, elemental analysis, positive 
Eegriwe test for combined formaldehyde and in
frared spectrum left little room for doubt-as to its 
structure. However hydroxyl determinations by 
the usual method,2-3 * * which involve acetylation at 
steam bath temperature, gave such reproducibly 
low results that further characterization of (la) 
seemed desirable.

The acetate was prepared and found to decom
pose at 100°, which makes the low OH values less 
surprising.

A puzzling phenomenon occurred when (la) was 
heated with 1-naphthyl isocyanate. Instead of the 
desired urethane derivative a good yield of a de
hydration product, C26H52N2O3, was obtained in 
the first trial, and nothing but intractable mixtures 
in later trials. There are two possible simple de
hydration products involving the loss of the ele
ments of water between two molecules of la;

(1) Present addresses: (a) Department of Chemistrj", 
Imperial College of Science and Technology, London S.W.
7. (b) Pittsburgh Plate Glass Co., Torrance, Calif.

(2) S. Siggia, Quantitative Organic Analyses via Functional 
Groups, J. Wiley and Sons, Inc., New York, 1949, p. 4.

(3) Long-chain A'-2-hydroxyethylamides have been ana
lyzed successfully by this method. Cf. E. T. Roe, J. T.
Sranlan, and D. Sworn, J. Am. Chem. Soc., 71, 2215 (1949).
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the hydroxy met hylmethylenebisiimide Ila and the 
ether Ilia.

CH.OH

RCONHCHoOH RCONCH2NHCOR 
I II

a. R = C,,H,3 a. R = C„H,3
b. R = C6Hs b. R = C6H5

(RCONHCH2)2( ) 
III

a. R = C„H,:l
b. R = C6H5

(RCONH)2CH2
IV

a. R = CnH23 
1). R = C6H;

No report of any substance being formulated as 
III has been found and only four compounds seem 
to have been assigned structure II (with R = C2H5,4 
C6H5-, C2H5NH-, and C2H5O-5), all by Einhorn. 
Little is known about these compounds except that 
the phenyl compound liberates formaldehyde on 
pyrolysis and is easily converted to iV,iV'-methyl- 
enebisbenzamide(IVb). These slender facts can also 
be explained with structure Illb, which would be 
much less stable than an ordinary ether.6

Our dehydration product is evidently of the same 
type as those of Einhorn as it could also be pre
pared from la by one of the unusual reactions by 
which lib  (or Illb) was produced from lb ,4 viz. 
by an attempted benzoylation under alkaline 
conditions.

A decision in favor of the hydroxymethylmethyl- 
enebisamide structure Ila was made after compar
ing the infrared spectrum of the dehydration prod
uct with the spectra of la and of IVa, which was 
prepared for this purpose (see Fig. 1). If the struc
ture were Ilia  there would probably be a stronger, 
broader absorption band in the 1060-1150 cm.-1 
region where CH2OCH2 absorbs7 than is actually 
found, although this is not certain. The hydrogen- 
bonded OH stretching frequency in la is found at 
3190 cm.-1, and also appears as a poorly resolved 
but reproducible shoulder near 3200 cm. -1 in the 
spectrum of the dehydration product. One or both 
of the 1052 and 1023 cm.-1 bands is probably also 
caused by the primary alcohol group as somewhat 
similar bands are observed in the curve of la but 
not in that of IVa. The 3305, 3055, 1654, and 1545 
cm.-1 absorptions are normal for a secondary 
amide7 and are at nearly the same frequencies in 
the other two curves.

E X P E R IM E N T A L 8 9

N-Hydroxymcthyldodecanamide (la ). A brief report of the 
preparation of this compound in 70-80% yield appeared

(I) A. Einhorn, Ann., 343, 207 (1005).
(5) A. Einhorn, Ann., 361, 113 (1008).
(6 ) Cf. J. W. Weaver, H. A. Schuyten, J. G. Frick, Jr., 

and J. D. Reed, J. Org. Chem., 16,“ 1111 (1951), for the 
properties of ethers of the type RCONHCH2OR'.

(7) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, 2nd cd., J. Wiley and 80ns, Inc., New York, 1058.

Fig. 1. Infrared absorption spectra of V’-hydroxymethyl- 
dodecanamide (la), W-hydroxymethyl-A",N '-met hy lenebis- 
dodecanamide(IIa), and A’pV'-methylenebisdodeeanamide 
(IVa) in Nujol mulls

in Japanese5 after we had developed our method. As our 
preparation gives a somewhat better yield details will be 
given. A solution of lauramide (10 g.), 36% aqueous formal
dehyde (14 g.) 30% sodium hydroxide (1.15 ml.), and 
methanol (90 ml.) was heated to reflux for 2 hr. and allowed 
to cool.10 The product separated as shiny colorless blades, 
m.p. 105-106°, yield, 10.1 g. (88%). Recrystallization from 
95% ethanol raised the melting point to 110-111° (lit.5 
m.p. 109-110°). It gives a positive Eegriwe test, 11 and 
liberates formaldehyde at 170°. The infrared spectrum 
(Nujol) showed ban is at 3285, 3190, 3060, 1654, 1545, 1118, 
1082, 1073, 1028, 1016, and 1009 cm. “1 (see Fig. 1).

Anal. Calcd. for Ci3H270 2N: N, 6.11; OH, 7.43. Found: 
N, 5.99; OH2, 3.25, 3.33.

A mixture of V-hydroxymethyldodecanamide (la) (0.5 
g.), acetic anhydride (14 ml.), and acetic acid (19 ml.) was 
warmed to 40°, allowed to stand 2 days at room tempera
ture, then poured onto ice. The crude product was taken up 
in benzene, washed with sodium carbonate (5%), then freed 
of benzene and water and leached with ether (15 ml.). The 
ether-soluble solid was crystallized from acetone-isopentane 
and from ethanol to give the pure acetate, m.p. 74°, which 
exhibited infrared absorption at 1750 cm. -1 (ester C = 0 ) 
and at 3290, 1715, and 1555 cm. -1 (secondary amide).

Anal. Calcd. for Ci5H29N0 3: N, 5.16. Found: N, 4.85.
When heated at 100° an odor of acetic acid appeared, 

and when cooled after 0.5 hr., an unidentified solid, m.p. 
80°, was obtained.

Reaction of la  with 1-naphthyl isocyanate. When N- 
hydroxymethyldodecanamide (1.15 g.) was heated on a water 
bath with 1-naphthyl isoc3̂ anate (Eastman 1816) (0.9 g.) 
for 0.5 hr. an orange solid was produced. Spontaneous

(8) Elemental analyses are by Dr. Adalbert Elek, Elek 
Microanalytical Laboratories, Los Angeles, Calif. Melting 
points are uncorrected. Infrared spectra were run as Nujol 
mulls on a Perkin-Klmer Model 21 spectrometer (sodium 
chloride prism) by Mr. Everett P. Honorof.

(9) S. Sakakibara, K. Nambu, and S. Komori, J. Oil 
Chemists’ Soc. (Japan), 3, 118 (1954).

(10) Cf. J. A. Shipp, U. S. Patent 2,232,485 (1941). Our 
method was evolved from one given by Shipp for W-hydroxy- 
methyloctadecanamide, which gave only a 33% yield when 
applied to the synthesis of la.

(11) C. E. Bricker and H. R. Johnson, Ind. Eng. Chem., 
Anal. Ed., 17, 400 (1945).
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evaporation of the ligroin (b.p. 90-120°) teachings yielded 
about 1 g. of N-hydroxymelhyl-N,N'-methylenehisdodecan- 
amide (Ila) as a colorless wax which melted at 106-106.5° 
after two crystallizations from alcohol and drying in vacuo 
at 55°.

Anal. Calcd. for C26H52N20 3: C, 70.86; H, 11.89. Found: 
C, 71.08; H, 11.82.

Ila  gave a positive Eegriwe test, liberated formaldehyde 
at 220° and depressed the melting point of la by 23°. 
Three attempts to repeat this reaction, two using 1-naphthyl 
isocyanate from a different source (Matheson Coleman & 
Bell), and one employing purified isocyanate, b.p. 153.0- 
153.5°/20 mm., gave only colorless, low-melting mixtures 
in which no Ila  could be detected; infrared evidence indi
cated that a good deal of unchanged la  was present.

N-Hydroxymethyl-N,N '-methylenebisdodecanamide (Ila)
was also obtained from la  under Schotten-Bauman condi
tions.4 When 10% aqueous potassium hydroxide (10 ml.) 
and benzoyl chloride (1 ml.) were added with shaking to 
.V-hydroxymethyldodecanamide (1.0 g.) a vigorous reaction 
occurred. After cooling the colorless slurry was shaken 
mechanically for 1 hr. at room temperature. The solid was 
filtered and crystallized twice from 95% alcohol and once 
from chloroform. Evaporation of the chloroform mother 
liquors gave a solid, which was recrystallized from 100%, 
alcohol to 3ueld 80 mg. of colorless Ila, m.p. 104-105°, 
which proved to be identical with Ila  from the afore- 
described reaction by mixed melting point and infrared 
spectrum (16 peaks checked).

N,N'-Methylenebisdodecanamide (III) has been prepared 
from lauroyl chloride in 20% yield12 and, it has been claimed 
in the patent literature, from lauronitrile in “excellent” 
yield.13 Using a variation of a convenient method of Ein- 
horn,4 a mixture of lauramide (1 g.), 36% aqueous formalde
hyde (2 ml.), 5% sulfuric acid (1 ml.), and ethylene di
chloride (10 ml.) was heated to reflux for 1.5 hr., cooled, 
filtered, and washed with water. The crude product, m.p. 
145-148° (0.6 g., 57%), recrvstallized from ethanol as color
less crystals, m.p. 155-156° (lit. 156-157°,12 154-155°13), 
infrared absorption (see Fig. 1) at 3310, 3055, 1633, 1553, 
1535, 1128, and 863 cm.-1, in apparent agreement with the 
literature.12

Anal. Calcd. for C25H5o02N2: N, 6.82. Found: N (Kjel- 
dahl), 6.78.

R esearch Laboratory
P ttrex Corporation, Ltd.
South G ate, C alif.
(12) A. Cannepin and A. Parisot, C'ompt. rend., 239, 180

(1954).
(13) D. T. Mo wry, U. S. Patent 2,534,204 (1950).

B r o m in a t io n  P ro d u c ts  o f  M e sity lg ly o x a l a n d  
C o n f ig u ra tio n  o f  th e  C o rre s p o n d in g  

M o n o x im es

R. P ercy B arnes and Coleman R. Seward1

Received November 16, 1959

In the light of the behavior of benzene, toluene, 
the xylenes, and mesitylene toward bromine in 
polar solvents,2'3 we decided to investigate phenyl- 
glyoxal and mesitylglyoxal under similar conditions.

(1) In partial fulfillment of the requirements for the
M.S. degree.

(2) P. B. D. de la Mare and P. N. Robertson, J. Chem. 
Soc., 279 (1943).

(3) R. Oda and K. Tumura, Set. Papers Inst. Phys. Chem. 
Research (Tokyo), 33, No. 728, 129 (1937).

In both aqueous methanol and aqueous acetic 
acid, mesitylglyoxal underwent both mono- and 
dibromination, and the products proved to be 
identical with those obtained by Fuson et ah,4'5 
whereas phenylglyoxal did not undergo bromi
nation. In aqueous acetic acid, both more rapid 
bromination and higher yields resulted than in 
aqueous methanol. Gray and Fuson6 characterize 
the monoxime of mesitylglyoxal in terms of molecu
lar formula and physical properties. We decided to 
investigate the configurations of the mono- and di- 
bromoglyoxal monoximes. Thus we prepared the 
monoximes, acetylated them, and subjected the 
acetates to treatment with dilute aqueous sodium 
hydroxide.7 These oximino esters underwent cleav
age and not hydrolysis, thus indicating that they 
were of the a-configuration, and in terms of the 
products, that the oximino groups had replaced 
the ketocarbonyl oxygens.

ArCOCHO • Ar—CCHO ■ ArCCHO

HO—O

ArCN

CHsCOON
O

Ar—C

O

Ar—C
\

n h 2 o h
Ar = 3-bromomesityl or 3,5-dibromomesityl

E X P E R IM E N T A L

Mesitylglyoxal and phenylgalyoxal were prepared accord
ing to the method of Gray and Fuson.6

Phenylglyoxal did not undergo bromination in aqueous 
methanol or aqueous acetic acid.

S-Bromomesilylglyoxal. To a 200-ec. 2-necked round 
bottom flask equipped with a mechanical stirrer, was added
5.3 g. (0.03 mote) of mesitylglyoxal dissolved in the mini
mum volume of cold methanol or glacial acetic acid. To 
this solution water was added to incipient cloudiness, fol
lowed by a few drops of the chosen solvent to give a clear 
solution. To the prepared solution 4.8 g. (0.03 mote) of 
bromine was added dropwise with vigorous stirring. The 
color of the bromine disappeared very rapidly. After the 
addition of the bromine, stirring was continued for some 
time. Finally enough water was added to produce slight 
turbidity, and the contents of the flask were chilled over
night. A pale yellow crystalline substance was obtained 
which when recrystallizcd from methanol exhibited the same 
plrysioal and chemical properties as the compound obtained 
by Fuson and Soper.4 A boiling aqueous solution of the 
glvoxal to which a few drops of methanol were added, on 
cooling, deposited the colorless hydrate. Both the glyoxal 
and its hydrate upon oxidation with alkaline hydrogen per
oxide gave 3-bromomesitoic acid,8 * melting and mixed 
melting point with an authentic sample at 168°.

3,5-Dibromomesilylglyoxal was prepared by the same 
method as 3-bromomesitylglyoxal by using 2 motes of

(4) R. C. Fuson and Q. F. Soper, J. Org. Chem., 9 , 193
(1944).

(5) R. C. Fuson, C. H. McBurney, and W. E. Holland, 
J. Am. Chem. Soc., 61,3246 (1939).

(6) A. R. Gray and R. C. Fuson, J. Am. Chem. Soc., 56, 
739 (1934).

(7) R. P. Barnes and A. H. Blat.t, J. Am. Chem. Soc., 57, 
1330 (1935).

(8) P. R. Shildneck and R. Adams, J. Am. Chem. Soc.,
53, 347 (1931).
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bromine per mole of mesit.ylglyoxal. It was obtained as the 
hydrate, exhibiting physical and chemical properties iden
tical with those of the compound obtained by Fuson et al.,s 
yielding an identical semicarbazone, mesitylgRcolic acid, 
and 3,5-dibromomesitoic acid.

The a-ketoxime of 3-bromomesitylglyoxal. An aqueous solu
tion of 2.5 g. of hydroxylamine hydrochloride and 4 g. of 
sodium acetate in 10 cc. of water was prepared and heated 
to 40°. To this aqueous solution was added 2.5 g. of 3- 
bromomesitylglyoxal dissolved in 10 cc. of alcohol. The solu
tion was warmed and shaken. In a few minutes a crystalline 
solid began to separate. When the reaction appeared to be 
complete, the mixture was chilled, filtered, washed first with 
water and finally twice with alcohol. On recrystallization 
from dilute alcohol, wTute crystals were obtained which 
molted at 135-136°.

Anal. Calcd. for CnlliXLBrN: 0, 48.89; II, 4.44. Found: 
C, 49.00; H, 4.49.

The a-ketoxime acetate of 3-bromomesitylglyoxal. A cold 
solution of 1.5 g. of the ketoxime in 5.5 cc. of acetic anhydride 
was shaken for about 1 hr. On chilling, pale yellow crystals 
separated. Upon filtering, drying, and recrystallization from 
methanol, white crystals melting at 87-88° were obtained.

Anal. Calcd. for Ci3H140 3BrN: C, 50.00; H, 4.48. Found: 
C, 49.60; H, 4.56.

The a-ketoxime of 8,5-dibromomesitylglyoxal. This oxime 
was prepared in the same manner as the monobromooxime. 
It was obtained as white crystals, melting at 202-203°.

Anal. Calcd. for CiiHn0 2Br2N: C. 37.82; H, 3.15. Found: 
C, 37.99; H, 3.49.

The a-ketoxime acetate of 3,5-dibromomesitylglyoxal. This 
oxime acetate was prepared in the same manner as the 
monobromooxime acetate.

Anal. Calcd. for Ci3Hi30 3Br2N : C. 39.90; II, 3.33. Found: 
C, 39.72; H, 3.10.

Cleavage of the oxime acetates of the bromoglyoxals. One 
half g. of each of the oxime acetates was dissolved in 10 cc. 
of alcohol and shaken for several hours with 30 cc. of cold 
aqueous 5% sodium hydroxide. The solutions were diluted 
with water and extracted with ether. The ether was evapo
rated and the residues refluxed for several hours with 30% 
sodium hydroxide. The solutions were acidified with dilute 
hydrochloric acid and extracted with ether. The ethereal 
solutions w'ere washed with water and dried over anhydrous 
sodium sulfate. Upon filtration and concentration by 
evaporation, each solution yielded a white crystalline solid. 
The monobromooximeacetate yielded 3-bromomesitoic acid 
and the dibromooxime acetate yielded 3,5-dibromomesitoic 
acid. Each acid was identified by comparison with an 
authentic sample.

D e p a r t m e n t  o f  C h e m i s t r y

H ow ta r d  U n i v e r s i t y

W a s h i n g t o n  1, D. C.

S o m e D eriva tives o f  C y a n o c th y la lc d  
Is o p h o ro n e

J o h n  W .  L y n n

Received November 9, 1959

The base-catalyzed condensation of isophorone 
with acrylonitrile was reported by Bruson1 to 
give mono-, di- and tricyanoethylation products. 
The structure of monocyanoethylated isophorone 
was shown to be 2-(2-cyanoethyl)-3,5,5-trimethyl-2-

(1) H. A. Bruson and T. W. Riener, J. Am. Chem. Soc.,
75, 3585(1953).

cyclohcxeneone (I) by Julia.* 75 2 Hydrolysis of I to 
the corresponding acid (II)1,2 and preparation of 
the methyl ester2 appear to be the extent of utili
zation of this readily available keto nitrile. 
Herein is reported the synthesis of the allyl (III) 
decvl (IV), and vinyl (V) esters of II by conven
tional methods, as well as its conversion to the 
enol-lactone (VI) by dehydration with acetic an
hydride. Similar dehydrations of 5-keto acids have 
been reported by Russian workers3 to give mono- 
unsaturated enol-lactones.

B,
III —CH2CH =CII2
IV —c 10h 2,
V —c h = c h 2

We also report a further transformation of I to 
an octohydroquinoline system. Hydrogenation of 
I over Raney nickel in ammoniacal dioxane gave 
the novel cyclic enamine (VIII) in 59% yield. 
Reductive cyclization of 5-keto nitriles has been 
reported previously by Nazarov4 to yield a satu
rated material.

A possible mode of formation of VIII may in
volve initial reduction and cyclodehydration to VII 
followed by 1,4-addition of hydrogen. It is not 
surprising that the resulting hindered internal 
double bond is resistant to further reduction.

The general structure of VIII has been assigned 
on the basis of elemental analysis, acid equivalent, 
A'-phenylurea derivative, and infrared spectrum. 
That the double bond is in the fully substituted 
position is indicated by very intense infrared bands 
at 6.12 and 6.21/x, which correspond to double 
bond and secondary amine absorptions, respec
tively, and are intensified as a result of interaction 
of the unshared pair of electrons on nitrogen with 
the double bond. Lack of absorption in the 12.4p

(2) S. Julia, Coripl. rend., 237, 913 (1953).
(3) R. Y. Lovina, N. P. Shusherina, and M. Y. Lurye, 

J. Gen. Chem. U.&.S.R., 24, 1423 (1954).
(4) N. Nazarov. G. A. Shvekhgeimer, and V. A. Rudenko, 

J. Gen. Chem. U.S.S.R., 24, 325 (1954).
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region, which would indicate hydrogen attached to 
a double bond, excludes consideration of the double 
bond at the 4 or 8 positions.

The infrared spectrum of the residual product 
obtained after warming VIII with water and a 
drop of hydrochloric acid shows new bands indi
cating the presence of ketone (5.90 /*), primary 
amine, (3.02 and ll.lyu) and imine (6.02 p). These 
data are in accord with the presence of an equi
librium mixture of the expected products, the iso
meric cyclic imine and its hydrolytic cleavage 
product, the amino ketone.

E X P E R IM E N T A L 6

2-(2-Cyanoethyl)-8,5,5-trimelhyl-2-cyclohexeneone (I). The 
method of Bruson,5 1 modified by the use of socium methylate 
as catalyst, gave a 20% yield of I (b.p. 129-131°/2.4 mm., 
n™ 1.4908, dl°0 0.9920).

Anal. Calcd. for Ci2HnNO: C, 75.40; H, 8.91; N, 7.34. 
Found: C, 75.42; H, 8.95; N, 7.38.

2-{2-Carboxyethyl)-3,5,5-triimthyl-2-cyclohexeneone (II). A 
mixture of 191 g. (1 mole) of I, 112 g. (2 moles) of potassium 
hydroxide and 1000 ml. of water was heated at reflux for 7 
hr. The cooled mixture was then acidified with cone, hydro
chloric acid to precipitate the product. Crystallization from 
heptane gave a 61% yield of refined II (m.p. 74.5-75.5°, 
reported1 m.p. 76-77°).

2-{2-Carboallyloxyelhyl)-8,5,5-lrimethyl-2-cyclohexeneone
(III). A mixture of 107 g. (0.51 mole) of II, 116 g. (2.0 
moles) of allyl alcohol, 500 ml. of benzene, and 1.0 g. of 
p-toluenesulfonic acid was heated to reflux and the allyl 
alcohol-water-benzene azeotrope was taken off over a 5.5- 
hr. period. The reaction mixture was washed with 100 ml. 
of 20% aqueous sodium carbonate and then with 100 ml. of 
water. Distillation gave a 68% yield of III [b.p. 136°/1.7 
mm., n3n 1.4861, 1-0169. Infrared maxima at 3.24
y  (CHj=), 5.8 y  (ester C = 0), 6.03 y  (conj. ketone), 
6.14 y  (conj. C=C), 7.24 and 7.32 y  [(CH,)SC], 8.7 y  (ester 
C—O—), 10.1 and 10.8 y  (CH2=C )].

Anal. Calcd. for C15H22O3: C, 72.00; H, 8.80. Found: 
C, 71.61; H, 8.49.

2-{2-Carbo-“Oxo”-decyloxyethyl)-3,5,5-trimethyl-2-cyclo- 
he.xene.one (IV). A mixture of 110 g. (0.52 mole) of II, 316 
g. (2.0 moles) of Enjay Company “Oxo” decanol, 500 ml. 
of benzene, and 1.1 g. of p-toluenesulfonic acid was heated 
to reflux and water was removed as the benzene azeotrope 
over a 7-hr. period. The reaction mixture was washed with 
10% aqueous sodium carbonate and then with water. 
Benzene was removed by distillation and IV was taken as 
residual dark oil in 99% yield [ra3n 1.4739, d\¡J 0.9499. 
Infrared maxima at 5.80 y  (ester C = 0). 6.03 (conj. 
ketone C =0), 6.13 y  (conj. C=C), 8.6 y  (ester C—O—),
14.4 y  (ds RCH=CHR')].

Anal. Calcd. for C22H3803: C, 75.5; H, 10.85. Found: C, 
75.58; H, 10.87.

2-(2-Carbovinyloxyethyl)-S,5,5-trimelhyl-2-cyclohexeneone
(V). A mixture of 664 g. (3.15 moles) of II, 1376 g. (16 
moles) of vinyl acetate, 10 g. of mercuric acetate, and 3.1 g. 
of cone, sulfuric acid was allowed to stand at ambient tem
perature for 72 hr. The catalyst was neutralized with 6 g. of 
anhydrous sodium acetate and the precipitate was removed 
by filtration. Distillation gave a 30% yield of V (b.p. 
130°C./1.3 mm., n3D° 1.4889).

Bromine titration of the vinyl group yielded a figure which 
was 102% of the calculated value. Infrared data was con
sistent with the assigned structure.

5,7,7-Trimethyl-8,4,6,7-tetrahydro-l,2-benzopyrone (VI). A 
mixture of 125 g. (0.596 mole) of II and 350 ml. of acetic

anhydride was refluxed for 4 hr. during which time 105 ml. 
of distillate was removed. Distillation of the residual mix
ture gave 97 g., an 85% yield of VI [b.p. 125°/3.3 mm., 
n3n 1.5176, d l 0 1.0571. Infrared maxima at 5.64 y  lactone 
C = 0 , strong), 6.1 y  (conj. C=C). Equivalent weight by 
saponification. Calcd.: 192. Found: 196].

Anal. Calcd. for Ci2Hi60 2: C, 75.1; H, 8.34. Found: C, 
74.64; H, 8.12.

5,7,7-Trimethyl-l ,2,3,4,5,6,7,8-octahydroquinoline (VIII). 
A mixture of 382 g. (2 moles) of I, 300 ml. of dioxane, 10 g. 
of wet Raney nickel (rinsed twice with dioxane), and 145 
g. (8.5 moles) of anhydrous ammonia was hydrogenated in a 
stainless steel rocking autoclave at 160° and 1000 p.s.i.g. 
over a 5-hr. period. The cooled reaction mixture was filtered 
and fractionated to give 213 g., a 59% yield, of III [b.p. 
85°/1.8 mm., n3£ 1.5164, dll 0.9495. Equivalent weight 
by perchloric acid in acetic acid titration. Calcd.: 179. 
Found: 179.5. Infrared maxima at 3.14 and 6.21 y  
(—NH—), 6.12 y  (C=C), and 10.4 y  (—NH— out of 
plane)].

Anal. Calcd. for Ci2H2iN: C, 80.4; H, 11.7; N, 7.84. 
Found: C, 80.6; H, 11.5; N, 7.95.

The V-phenylurea was prepared by treatment of VIII 
with phenyl isocyanate in ether and crystallized from 
ethanol (m.p. 115-116°).

Anal. Calcd. for CI9H26N20: C, 76.6; H, 7.73; N, 9.40. 
Found: C, 77.0; H, 7.84; N, 9.75.

Hydrolysis of VIII. A mixture of 3.6 g. of VIII, 80 ml. of 
water, and one drop of cone, hydrochloric acid was warmed 
on steam bath overnight, cooled, and extracted with ether. 
The extract was dried over sodium sulfate and evaporated 
in vacuo. The residual oil, which quickly blackened on ex
posure to air, exhibited infrared maxima at 3.02 and 11.1 y  
(—NHS), 5.90 y  (C =0), 6.02 y  (C=N).

Acknowledgment. The author is grateful to Mr. 
J. Smith for technical assistance, to Mr. C. M. 
Lovell and Dr. H. F. White for infrared analyses.
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Previous papers1 in this series have shown that 
ketones of the methadon type give ethylidene- 
tetrahydrofurans on pyrolysis of their quaternary 
salts. It has also been shown2 that this reaction does 
not proceed by an olefinic intermediate since the 
optical isomers of isomethadon give optically active 
products. We now wish to report that the optically 
active forms of the ethylidenetetrahydrofurans are 
obtained when the optically active forms of meth
adon methiodide are decomposed. This would indi
cate that a concerted reaction takes place and that 
at no time is a carbonium ion formed. The most

(1) Paper No. 4, S. J. Nelson, V. B. Fish, and N. R. 
Easton, J. Am. Chem. Soc., 77, 1908 (1955).

(2) N. R. Easton and V. B. Fish, J. Am. Chem. Soc., 76,
2836 (1954).(5) All temperatures are uncorrected.
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probable mechanism would be that of a rearward 
approach of the oxygen to the carbon attached to 
the nitrogen moiety, along with the cleavage of the 
nitrogen-carbon bond followed, or preceded, by the 
expulsion of the proton. Although it does not neces
sarily mean that inversion has taken place, the 
direction of the rotation is changed, the d- form of 
methadon methiodide gives the l- isomer of the 
cyclized compound. The optically active products 
were originally isolated as distillable oils which 
crystallized on long standing in the refrigerator. 
Although the dl- form is much higher melting and 
less soluble in methanol, none could be obtained in 
either reaction even by seeding alcoholic solutions 
of either oil with crystals of the dl- form. This 
indicates that very little, if any, racemization takes 
place during these pyrolyses.

In an attempt to prepare an unsaturated ketone 
of the type I several approaches were unsuccessful. 
The formation of this compound by the action of 
Grignard reagents on 4-bromo-2,2-diphenylbut- 
anenitrile, 4-phenoxy-2,2-diphenylfcutanenitrile or
2,2-diphenyl-3-butenenitrile was unsuccessful; in 
the second instance the phenoxy grcup was cleaved 
and in the third only the starting material and a 
nondistillable oil were obtained. It was hoped that 
by using a compound which contained no hydrogen 
atoms alpha to the carbonyl group, the evclization 
could be prevented and the unsaturated ketone I 
would be obtained. When the methiodide of the

c
H

(MR A  C-----C—CH3

(<> H
 ̂ I +

OH.,—C----- N(CH3)3I-
/ 1 ^

II c h 3
(0,H,bC- -C=CH—CH3

I
()

O H , C  C l I .
I

H

The pyrolysis of the quaternary hydroxide of 
methadon has been reported3 to give 1,1-diphenyl-
3-dimethylamiiiobutane but the other products 
were not isolated. However, no cleavage of this type 
was found in tiie isomethadon series or where the 
dimethylaminoethyl side chain was involved.

E X P E R IM E N T A L

The methiodidt s of d- and Z-methadon were prepared in 
the usual manner, m.p. 170-171°.

Decomposition of d- and l-mcthadon quaternary iodides. 
These were decomposed3 by pyrolysis under reduced pres
sure. The distillate was taken up in ether, washed with 
dilute hydrochloric acid, dried, and distilled.

l-3,3-Diphenyl-2-ethylidene-5-methyltetrahydrofuran was ob
tained from d-met.hadon, b.p. 130-134°/2 mm., a 2n° = 
-246° (c = 0.1026, ethanol).

Anal. Calcd. for C19H20O: C, 86.32; H, 7.63. Found: C, 
86.22; H, 7.60. From 15 g. of the methiodide 3.3 g. of the 
product, was obtained.

d-3,3-Diphenyl-2-ethylidene-5-melhyUelrahydrofuran was 
obtained from Z-rnethadon, b.p. 129-133°/2 mm., a 2,“ = 
246° (c = 0.1014 ethanol).

Anal. Calcd. for Ci9H20O: C, 86.32; H, 7.63. Found: C, 
86.26: H, 7.70. From 15 g. of the methiodide 4.6 g. of the 
product was obtained.

Equal quantities of the d- and l- isomers rvere mixed in 
ethanol. Crystals formed, m.p. 78-80°, identical with the 
dl- form previously reported.3 On long standing in the 
refrigerator each crystallized. The product was recrystal
lized from methanol, m.p. 55-56°.

Methiodide of a-dimethylaminoethyl-a,a-diphenylacetophe- 
none. The methiodide was prepared from a-dimethylamino- 
ethyl-a,tt-diphenyIacetophenone4 in the usual way. After 
recrystallization from water it melted at 270-271° dec.

Anal. Calcd. for OaHisNOI: I, 26.15. Found: I, 26.02.
Pyrolysis of a-Dimethylam inoethyl-a.a-diphenylacetophe- 

none methiodide. The methiodide (10 g.) was decomposed by 
heating over a free flame under 3 mm. pressure. The oil 
which distilled was taken up in ether and extracted with 
dilute hydrochloric acid. (No appreciable quantity of neutral 
material was isolated.) The acid layer was neutralized and 
extracted with ether, the ether layer was concentrated and 
a hydrobromide of the product was identical with the 
hydrobromide of 4-dimethylaminoet,hjd-2,2-diphonylaceto- 
phenone.

Preparation and, pyrolysis of the quaternary hydroxide of 
a-dimethylaminoelhyl-ata-diphenylacetophenone. A mixture, of 
4 g. of the methiodide and 3 g. of silver oxide in warm 
aqueous ethanol was stirred vigorously until no iodide ion 
could be detected. After being filtered the precipitate was

O
I!(CeHAC—C ^ C 6H5

CH,—CH,N(CH3)3X 
II

o

(C6H5),—C—C—R
i

CH=CH,
I

O

(C6H6),C—c —c 6h 6
I

CH2CH2N(CH3),

(C6H5)2—CH

CH2CH2N(CH3)2

+  c h 3i
(X = I)

o
I!

+  c6h 5c o c h 3
(X = OH)

phenyl ketone (II) was decomposed in the usual 
way, methyl iodide was split off and the original 
ketone was obtained. However, where the quater
nary hydroxide was decomposed an unexpected 
cleavage resulted. Methyl benzoate and 1,1- 
dipheiiyl-3-dimethylaminopropane were formed.

washed with watt r and with ethanol and the filtrate was 
concentrated under reduced pressure. After being trans

(3) N. R. Easton, S. J. Nelson, V. B. Fish, and P. N. 
Craig, J. Am. Chem. Soc., 75, 3751 (1953).

(4) AT. Bockmuhl and G. Ehrhart, Ann., 561, 52-85
(1948).
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ferred to a Claisen flask it was subjected to a pyrolytic dis
tillation under 20 mm. pressure. The oily product was dis
solved in ether and washed with dilute hydrochloric acid. 
The ether solution was dried and concentrated and the 
residue distilled 50—55° at 3 mm. pressure. Its odor was 
similar to methyl benzoate. n2u° = 1.5190. Lit. n™ = 1.5181. 
Hydrolysis gave benzoic acid, m.p. 121-121.5°; mixed with 
benzoic acid, m.p. 121-121.5°. The acid solution above was 
neutralized and extracted with ether. The ether layer was 
dried and alcoholic hydrogen chloride added; a precipitate 
formed (0.7 g.) which melted at 162-164°. After recrystal
lization from a mixture of ethanol, ethyl acetate, and iso
propyl ether, it melted at 165-167°.

Anal. Calcd. for CnH^NCl: Cl, 12.85. Found: Cl, 12.73. 
A mixed melting point with this compound and that pre

pared below showed no depression.
3-Dimethylamino-l,1-diphenylpropane. This was prepared 

by the treatment of 4-dimethylamino-2,2-diphenylbutane- 
nitrile with sodium in isopropyl alcohol;6 hydrochloride, 
m.p. 167-169°; methiodide, m.p. 190-192°.

T h e  L i l l y  R e s e a r c h  L a b o r a t o r i e s  
E l i  L i l l y  a n d  C o m p a n y  
I n d i a n a p o l i s , I n d .

W i l l i a m  H. C h a n d l e r  C h e m i s t r y  L a b o r a t o r i e s  
L e h i g h  U n i v e r s i t y  
B e t h l e h e m , P a .

(5) N. R. Easton, L. R. Bartron, F. Meinhofer, and V. B. 
Fish, J. Am. Chem. Soc., 75 , 2088 (1953).

S y n th e s is  o f  S o m e  S y m m e tr ic a l  A lip h a tic  
Q u a te rn a ry  A m m o n iu m  Io d id es

S t u a r t  P. E r i k s e n , 1 2 L. D a l l a s  T u c k , a n d  J. F. O n e t o

Received November 9, 1959

As part of an investigation of the effect of ionic 
dimensions on electric conductance,2 a series of 
aliphatic quaternary ammonium iodides has been 
prepared (Table I).

The principal quaternization procedure consisted 
in refluxing alcoholic solutions of primary or ter
tiary amines with the required alkyl iodides. In 
some instances, the reaction mixtures were main
tained at a pH of approximately 9 by the periodic 
addition of ethanolic potassium hydroxide.

As the quaternary salts were to be used for con
ductivity studies, their purity was of critical 
importance. Anion impurities were detected by 
titration with aqueous silver nitrate using calomel 
and silver-silver chloride electrodes. The titration 
procedure was initially applied to the successive 
recrystallization liquors rather than to solutions of 
the recrystallized salts. This time-saving step was 
applicable as it was found that after repeated 
recrystallizations, no appreciable change in effect 
on ionic conductance of subsequent recrystalliza
tion liquors was noted. At this point the ultimate 
criterion of purity was established by titration of

(1) Taken from a dissertation submitted by Stuart P. 
Eriksen in partial fulfillment of the requirements for the 
Ph.D. degree in Pharmaceutical Chemistry, 1956.

(2) In preparation.

the quaternary salts in methanol after they had 
been subjected to further successive recrystalliza
tions. If the conductance of samples from recrystal
lization to recrystallization differed by less than 
.5%, the salts were deemed sufficiently pure for 
the conductance work.

Repeated recrystallization of tetraoctylammo- 
nium iodide failed to provide a product having satis
factory ionic conductance properties or analytical 
characteristics. Subjecting tetrahexadecylammo- 
nium iodide to repeated recrystallizations finally 
gave a product, however, which showed no altera
tion in its ionic conductance from recrystallization 
to recrystallization, but which gave unsatisfactory 
analytical results.

Confirmation of the presence of a quaternary 
nitrogen atom in the latter compound was estab
lished by measurement of the change in its ionic 
conductance effected by silver hydroxide, as com
pared with similar measurements of authentic 
samples of a representative quaternary ammo
nium iodide, and representative secondary and 
tertiary amine hydroiodides.

E X P E R I M E N T A L

Molting points are uncorrected. Microanalyses are by 
the Microanalytical Laboratory, Department of Chemistry, 
University of California.

Materials. The alkyl iodides which were not commercially 
available were prepared by the methods of Hartman, Byers, 
and Dickey3 4“ and Finkelst.ein.3b The tertiary amines were 
obtained commercial^ or prepared by known methods.'1“’1’

General Procedures. The molecular amounts of reactants 
and other reaction data appear in Table 1.

A. A mixture of the amine and the corresponding alkyl 
iodide was refluxed in a suitable solvent. Refluxing was 
discontinued intermittently, followed by cooling the reac
tion mixture and removing the reaction product.

B. Procedure A was modified in the following manner. 
After refluxing the. reaction mixture was cooled, adjusted to 
pH 9 with 5% ethanolic potassium hydroxide, followed by 
the addition of an equal volume of water. The product was 
filtered and washed with water and ether. The yield of 
tetraheptylammonium iodide was increased to 31.4 g. 
(73%) by the addition of 50 ml. of commercial absolute 
ethanol and 12.5 g. (0.055 mole) of heptyl iodide to the 
diluted alkaline reaction filtrate and refluxing for 72 hr.

C. Procedure B w'as modified by maintaining the reaction 
mixture at a pH of approximately 9 by the periodic addition 
of 5% ethanolic potassium hydroxide. After refluxing, an 
equal volume of water was added and the mixture cooled.

D. A mixture of the tertiary amine and the alkyl iodide 
was heated in an open flask at 80°, following the procedure 
of Vernon and Masterson.5

E. Following ohe procedure described by Girard and 
Forneau,6 ammonia gas was bubbled through the liquefied

(3) (a) W. W. Hartman, J. R. Byers, and J. B. Dickey, 
in A. H. Blatt. Org. Syntheses, Coll. Vol. II, John 
Wilev and Sons, New York, N. Y., 1943, p. 322; (b) H. 
Finkelstein, Ber., 43, 1528 (1910).

(4) (a) M. R. McCorkle, Iowa State Colt. Jour. Sei., 14, 
64 (1939); (b) A. W. Ralston, C. M. Hoerr, and P. L. 
DuBrow, J. Org. Chem., 9, 259 (1944).

(5) A. A. Vernon and J. P. Masterson, J. Am. Chem. Soc., 
64, 2822 (1942).

(6) A. Girard and E. Forneau, Bull. Soc. Chim., 37, 1670 
(1925).
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TABLE I
T etbaalkylammonium I odides H4N +I _

Analyses, %
Time, vent, Millimoles Yield, Nitrogen Iodine

No.2 R hr. ml.6 Amine0 RI M.P., ° ('//o Formula Calcd. Found Calcd. Found

1 Ad Hexyl 31 50 83 104 102-103 83 CGHvAT 2.91 2.89 26.35 26.10
2B Heptyl 72 100 80 82 121-122 40 c 28h 3„n i 2.61 2.51 23.60 23.80
3C Octyl 96 200 84 271 127-128 30 C32ÏÏ6&NI 2.36 2.41

2.32
21.37 22.60

20.27
3D Octyl 12 ■-- 7.4 14.6 127-128 39 — — — — —
4A Decyl 80 25 14 16 118-120 55 c «h mn i 1.98 1.98 17.98 17.71
4C Decyl 48 200 85 280 118-120 38 — — — — —
5C Dodecyl 96 200 65 200 116-117 38 C48HiooNI 1.71 1.95 15.51 15.56
6C Tetradecvl 96 100 80 339 114.5-115 36 Cb6H;l6NI 1.51 1.69 13.64 13.35
7E Hexadecyl 96 50 29 17 110-111 15 CmH:32NI 1.34 1.81 12.17 11.50

° Compounds 1 and 5 were rocrystallized from ethanol-water; 4 from ethanol-water or ethyl acetate; 2 and 3 from ethyl 
acetate; 6 from ethanol; 7 from commercial absolute ethanol. 6 Reaction solvent for 1 and 6, ethanol; 2, 4A, and 4C, com- . 
mercial absolute ethanol; 3C and 5, carbon dioxide-free commercial absolute ethanol; 7, benzene-ethanol 1:1. 6 Primary 
amines: 3C, 4C, 5C, 6C, and 7E. Tertiary amines: 1A, 2B, 3D, and 4A. Letters refer to procedures.

alkyl iodide maintained at approximately 185°. The solid 
reaction mixture was first extracted with cold ether, fol
lowed by extraction with 100 ml. of boiling ether. On cool
ing the hot ether extract deposited 4 g. of crystalline solid; 
m.p. 79-80°. Girard and Forneau isolated a product melting 
at the same temperature ■which was claimed to be tetra- 
hexadecylammonium iodide.

Evaporation of the combined cold ether extract and the 
filtrate from the hot ether extract gave 7.9 g. of crystalline 
residue; m.p. 42-43°. A mixture of 6.9 g. of this residue 
(0.029 mole, calculated on the basis of hexadecylamine; 
lit.,7 m.p. 44-46°) and the alkyl iodide was refluxed in 
benzene-ethanol. After cooling, the resulting product was 
filtered and recrystallized.

A freshly prepared alcoholic paste of silver hydroxide was 
added to saturated ethanolic solutions of samples of the 
rocrystallized product, tetrabutylammonium iodide, di- 
totradecylamine hydroiodide, and trioctylamine hydro
iodide. The specific resistances increased on addition of the 
silver hydroxide by factors of 1.04, 1.18, 6.28, and 6.35, 
respectively. The two quaternary salts changed resistance 
only slightly, as there is no decrease in concentration of 
conducting species.

Acknowledgment. The authors are indebted to 
Dr. F. M. Goyan for his continued interest and 
helpful discussions during the progress of this 
work.
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(7) O. Westphal and D. Jerchal, Bcr., 73B, 1002 (1940).

P y r id in e - l-o x id e s . V I. S y n th e s is  o f  S o m e 
3 - S ty ry lp y  r id in e  -1 -o x id es1 2 * * *

E d w a r d  C. T a y l o r  a n d  A l d o  J. C r o v e t t i

Received November 16, 1950

During the course of an investigation of the 
chemistry of simple pyridine-1 -oxides, it was found

(1) For the previous paper in this series, see E. C. Taylor 
and J. S. Driscoll, ,/. Am. Chem. Sor.., in press.

that 4-nitro-3-picoline-l-oxide condensed readily 
with benzaldehyde in ethanol or pyridine solution, 
in the presence of piperidine, to give 4-nitro-3- 
styrylpyridine-l-oxide.2 Preliminary pharmacologi
cal screening of this compound indicated a high 
degree of antibacterial and antibiotic activity 
in vitro, and these findings prompted us to prepare 
a number of related 1-oxide derivatives.

4-Nitro-3-picoline-l-oxide was condensed with a 
number of other aromatic aldehydes, and the 
products formed are listed in Table I. All condensa
tions could be carried out either hi ethanol or in 
pyridine, with piperidine as catalyst. As pharma
cological testing of many of these derivatives was 
difficult because of water insolubility, sodium salts 
of the phenolic derivatives were also prepared.

Treatment of 4-nitro-3-picoline-l-oxide with cin- 
namaldehyde, formaldehyde or glyoxal gave red, 
resinous materials, but no isolable products could be 
obtained. Attempts to condense 4-nitro-3-picoline-
1-oxide with p-nitrosodimethylaniline failed.

Treatment of 4-nitro-3-styrylpyridine-l-oxide 
with acetyl chloride yielded 4-chloro-3-styrylpyri- 
dine-l-oxide. The action of thiourea in ethanol 
solution then gave the expected thiouronium salt, 
which on alkaline hydrolysis gave 4-mercapto-3- 
styrylpyridine-l-oxide along with a small amount 
of bis(l-oxy-3-styryl-4-pyridyl) sulfide.

It has already been pointed out by Jerchel and 
Heck2 that neither 3-picoline, 4-nitro-3-picoline, 
nor 3-picoline-l-oxide gives a styryl derivative 
with benzaldehyde, and that both the 4-nitro and 
the 1-oxide groupings are therefore necessary for 
activation of the 3-methyl group. However, the
1-oxide grouping does effectively reduce electron 
density at the 3-position of the pyridine ring, as is 
clearly indicated by the observations that 3-amino-

(2) Since this original observation was made (E. C.
Taylor and A. J. Crovetti, Abstracts of Papers, 126th ACS
Meeting, New Ycrk City, 1954, p. 24-N) the synthesis of
4-nitro-3-styrvlpyridine-1-oxide has been reported (D.
Jerchel and H. E. Heck, Ann., 613, 171 (1958)).
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pyridine-l-oxide is a weaker base than 3-amino- 
pyridine3 and that 3-hydroxypyridine-l-oxide is 
a stronger acid than 3-hydroxypyridine.4 3-Amino- 
pyridine-l-oxide fails to form an anil or an amide 
with acetoacetic ester, while 3-aminopyridine it
self reacts readily.3

Compounds 1,2,4,6,9 and 11 (see Table I) 
showed some in vitro activity against M. tuber
culosis. Compounds 1,2,4,7 and 8 were active 
in vitro against Strep, pyogenes C203. The inactivity 
of compound 3 against this microorganism indi
cates that 4-substituted 3-styrylpyridine-l-oxides 
are not uniformly active, and the low activity 
of compound 9 compared with a much higher 
activity of compound 1 points out the important 
activating influence of the styryl grouping. Slight 
in vitro activity was observed with compound 
10 against Pseud, aeruginosa. Compound 6 was 
active in vitro against Staph, aureus. Slight ame
biasis activity against E. histolytics was shown by 
compounds 1,2,3,4,6,7 (as the sodium salt), 9, 
10, and 11. Unfortunately, none of the compounds 
tested showed sufficient in vivo activity to be of 
further interest.
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Formation of styryl derivatives. The following procedures 
for the preparation of 4-nitro-3-styrylpyridine-l-oxide are 
illustrative of the methods used for all condensations of 4- 
nitro-3-picoline-l-oxide with aromatic aldehydes. Method 
A is similar to the previously published synthesis of 4-nitro-
3- styrylpyridine-l-oxide.2

Method A. A mixture of 5.0 g. of 4-nitro-3-picoline-l- 
oxide,6 3.4 g. of purified benzaldehyde, 0.7 ml. of piperidine, 
and 15 ml. of absolute ethanol was heated under reflux for 3 
hr. and then allowed to stand at room temperature for 8 hr. 
The resulting precipitate of yellow needles was collected by 
filtration, washed with ether, and recrystallized from 
ethanol to give 2.6 g. (47%, allowing for recovered starting 
material), of 4-nitro-3-styrylpyridine-l-oxide, m.p. 179— 
181°. This compound is reported to melt at 179-180°.2 
Concentration of both the ethereal and ethanolic filtrates 
gave 1.73 g. of crude starting material which, upon recrystal
lization from acetone, yielded 1.46 g. (29% recovery), m.p. 
136-137°. This procedure was used successfully in runs of 
25 g.

Method B. A mixture of 5.0 g. of 4-nitro-3-picoline-l-oxide, 
10 ml. of reagenhgrade pyridine, and 0.7 ml. of piperidine 
was heated on a steam bath for 12 hr. and then allowed to 
stand at room temperature for 12 hr. Filtration yielded 3.8 
g. (73%, allowing for recovered starting material) of 4- 
nitro-3-styryIpyridine-l-oxide, m.p. 178-180°. Dilution of 
the filtrate with ether gave 1.7 g. of unchanged starting 
material. This procedure was also used successfully on runs 
of 25 g.

4-Chloro-3-styrylpyridine-l-oxide. A mixture of 12.0 g. of
4- nitro-3-styrylpyridine-l-oxide and 80 ml. of acetyl 
chloride was heated under reflux (hood) on a steam bath for 
3 hr. The cooled reaction mixture was poured over ice with

(3) J. G. Murray and C. R. Hauser, J. Org. Chem., 19, 
2008 (1954).

(4) E. Shaw, J. Am. Chem. Soc., 71, 67 (1949).
(5) We are indebted for the microanalyses to Dr. Joseph 

F. Alicino, Metuchen, New Jersey. All melting points are 
uncorrected.

(6) E. C. Taylor and A. J. Crovetti, J. Am. Chem. Soc., 
78, 214 (1956).
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vigorous stirring and the mixture was brought to a volume 
of 2 1. by the addition of water. During the dilution white 
crystals of product separated. Filtration yielded 9.6 g. 
(84%) of almost colorless product, m.p. 161-163° dec. The 
colorless analytical sample, m.p. 167-168° dec., was pre
pared by recrystallization from aqueous ethanol with the 
use of charcoal.

Anal. Calcd. for C13H,„NO: C, 67.4; H, 4.35; N, 6.05. 
Found: C, 67.7; H, 4.7; N, 5.9.

A-Mercapto-3-slyrylpyridine-l-oxide. A mixture of 2.0 g. 
of 4-chloro-3-styrylpyridine-l-oxide, 0.6 g. of thiourea, and 
20 ml. of ethanol was heated under reflux for 1.5 hr. The 
mixture was then chilled and filtered to give 1.71 g. (68%) 
of the thiouronium hydrochloride salt, m.p. 162° dec. This 
salt was suspended in 10 ml. of water and 5 ml. of cold 10% 
sodium hydroxide added with shaking. The mixture was 
filtered (yellow residue, 0.3 g., m.p. 200° dec.), the filtrate 
acidified with acetic acid and the precipitated solid collected 
by filtration to give 0.83 g. (62%, based on the thiouronium 
salt) of 4-mercapto-3-styrylpyridine-l-oxide, m.p. 145- 
146°.

Anal. Calcd. for Ci3H„NOS: C, 68.1; H, 4.8; N, 6.1. 
Found: C, 68.3; H, 4.6; N, 6.0.

Bis(l-oxy-3-styryl-4-pyridyl)sulfide. The yellow residue ob
tained above was purified by dissolution in boiling aqueous 
acetic acid and reprecipitation with ammonium hydroxide. 
The analytical sample m.p. 198-200° dec. w'as prepared by 
recrystallization from dimethylformamide.

Anal. Calcd. for C26H20N2O',S: C, 73.6; H, 4.8; N, 6.6. 
Found: C, 73.2; H, 4.7; N, 6.8.

Acknowledgment. We are indebted to Parke, 
Davis and Company for carrying out the pharma
cological screening of these compounds.

F r i c k  C h e m i c a l  L a b o r a t o r y

P r i n c e t o n  U n i v e r s i t y

P r i n c e t o n , N. J.

P y ra z o lin e s 1

D o n a l d  E. M c G r e e r

Received December 7, 1959

The pyrolysis of pyrazolines has long been re
garded as a synthetic method for the preparation of 
derivatives of cyclopropane.2 Particular use has 
been made of this method in the preparation of 
cyclopropanecarboxylic esters3 and related com
pounds4 where the pyrazoline is readily prepared 
by the addition of a diazoalkane to an a,^-un- 
saturated ester.

Of the methyl substituted 3-carbomethoxy- 
pyrazolines studied by von Auwers and Konig3 only 
those which contained a methyl at the 3- position 
were found to give a cyclopropane product. A 
reinvestigation of this work which is now under 
way has shown that the products of pyrolysis of 3-

(1) Support for this work was received from the National 
Research Council of Canada and from the President’s 
Committee on Research of the University of British Co
lumbia.

(2) R. Huisgen, Angew. Chem., 67, 439 (1955).
(3) K. von Auwers and F. Konig, Ann., 496, 252 (1932).
(4) D. Gotkis and J. B. Cloke, J. Am. Chem. Soc., 56, 

2710(1934).

carbomethoxypyrazolines are mixtures which con
tain in general a,(i- and |8,y-unsaturated esters as 
well as the expected cyclopropanecarboxylic ester. 
A recent observation of the formation of a /3,y- 
unsaturated ketone from the pyrolysis of a pyrazo
line in the steroid series has been reported.5

3-Carbomethoxypyrazoline (I), which was re
ported3 to give in 81% yield methyl vinylacetate
(II), has been shown to give a mixture in 80% yield 
of II, methyl ets-crotonate (III), methyl trans- 
crotonate (IV), and methyl cyclopropanecar- 
boxylate in the ratio of 7:30:31:32, respectively.

c
?
H

4M

„C02CH3 
180°

CH2=CHCH2C02CH3
II

CH3CH=CHC02CH3
III- ets
IV— iraiis

Similarly methyl 2-methylcyclopropanecar- 
boxylate has been isolated from the pyrolysis prod
uct from 4-methyl-3-carbomethoxypyrazoline and
5-methyl-3-carbomethoxypyrazoline in yields of 4 
and 34%, respectively.6

That II, III, IV, and V were thermally stable 
under the reaction conditions was determined by 
heating each in a sealed tube for two hours at 
195°. Not more than 2% rearrangement was ob
served. In the presence of iodine at 195° for five 
days, both II and IV gave an equilibrium mixture 
of the three olefins which contained 84% of IV, 
12% of III, and 4% of II. These results would 
indicate that II and III are formed in the pyrolysis 
reaction by a kinetically controlled step and that 
although some isomerization may occur under the 
reaction conditions, it does not occur at a fast 
enough rate to give an equilibrium mixture.

It is hoped that by an extensive study of pyrazo
line pyrolyses it will be possible to learn more 
about the mechanism7 and the scope of the reac
tion as a synthetic method for the preparation of 
olefins and substituted cyclopropanes.

EXPERIMENTAL8

Pyrolysis of 3-carbomethoxypyrazoline (I). Thirteen g. of 
I (m.p. 65°, lit.3 m.p. 66-68°) was placed in a 50-ml. round 
bottom flask fitted with a distilling head and heated in an 
oil bath. Pyrolysis began at 150° and was vigorous at 180°. 
The product distilled during pyrolysis and after 1 hr. 8 g. 
(80%) of a colorless liquid was collected.

Vapor chromatography of the product through a 10-ft. 
dinonyl phthalate column at 80° with a helium flow rate of 
67 cc./min. gave four peaks at 20.8, 25.2, 32.4, and 36 min.

(5) H. L. Slates and N. L. Wender, / .  Am. Chem. Soc., 
81,5472(1959).

(6) Unpublished results from this laboratory.
(7) For proposals on the mechanism of this reaction see 

W. G. Young, L. J. Andrews, S. L. Lindenbaum, and S. J. 
Cristol, J. Am. Chem. Soc., 6 6 ,  810 (1944) and W . M .  
Jones, J. Am. Chem. Soc., 81, 3776 (1959).

(8) The instrument and columns for the vapor chroma
tograms were those available commercially under the trade 
name Aerograph.
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which represented 7, 30, 32, and 31% of the product as 
determined by the weight of paper cuts of the peaks. Isola
tion of the four components was accomplished by fractiona
tion through the vapor fractometer.

The 20.8-min. component, ?rD3 1.4083 (lit.9 ?rD° 1.40909), 
was identical with an authentic sample of methyl vinyl
acetate (II) (prepared by the method of Ccrey10) as shown 
by their infrared spectra.

The 25.2-min. component, n2f  1.4223 (lit.11 ra2„° 1.4225), 
was methyl ciis-crotonate (III).

The 32.4-min. component, n2f  1.4182 (lit.12 n2,“ 1.41866), 
was identical with an authentic sample of methyl cyclo- 
propanecarboxylate V [prepared by the methylation of 
eyclopropanecarboxylic acid (Aldrich)] as shown by their 
infrared and NMR spectra.

The 36-min. component, ra2D2 1.4248 (lit.9 n2D° 1.42466), was 
identical with an authentic sample of methyl ¿rnras-crotonate
(IV) (K and K Laboratories) as shown by their infrared 
and NMR spectra.

D e p a r t m e n t  o f  C h e m i s t r y

U n i v e r s i t y  o f  B r i t i s h  C o l u m b i a

V a n c o u v e r  8 , B .  C .,  C a n a d a

(9) G. H. Jeffery and A. J. Vogel, J. C.hem. Soc., 658 
(1948).

(10) E. J. Corey, J. Am. Chem. Soc., 75, 2251 (1953).
(11) J. L. H. Allan, E. R. H. Jones, and M. C. Whiting, 

J. Chem. Soc., 1862 (1955).
(12) G. H. Jeffery and A. J. Vogel, J. Chem. Soc., 1804 

(1948).

P r e p a r a t io n  o f
Q u in a z o lo [2 ,3 -c ]b en z o [l,4 ]th ia z in e -1 2 -(6 H )o n e

B e t t y  A n n e  C a r p e n t e r ,  J o h n  E. M c C a r t y ,  a n d  C a l v i n  
A . V a n d e r W e r f

Received August IS, 1959

During the course of an investigation of com
pounds with potential psychotherapeutic activity 
it appeared that derivatives of a ring system con
taining some of the features of phenothiazine (I)

and benz[g]indole[2,3-a]quinolizine (II) (the re- 
serpine nucleus) would be of interest. The quin- 
azolo[2,3-c]benzo[l,4]thiazine system was selected 
and quinazolo[2,3-c]benzo[l,4]thiazine-12-(6H)one
(III) was prepared by the method outlined below.

Preliminary pharmacological testing, however, 
indicates that this compound has negligible psycho
therapeutic activity and the investigation in this 
area has been discontinued.

E X P E R IM E N T A L

Condensation of benzo{l ,4]thiazine-3-one with methyl 
anthranilate. To a solution of 16.6 g. of benzo[l,4]thiazine-
3-one dissolved in hot, anhydrous toluene, a solution of
30.4 g. of freshly distilled phosphorus oxychloride in 25 
ml. of dry toluene Was added slowly. After heating under 
reflux with rapid, mechanical stirring for 10 min., 30.2 g. 
of methyl anthranilate was added slowly and the resulting 
mixture heated under reflux for 8 hr. At the end of this time 
a yellow mass began to separate. The toluene was evapo
rated under reduced pressure, and the residue was dissolved 
in chloroform. The chloroform solution was dried over mag
nesium sulfate, filtered, and the chloroform evaporated on 
a steam bath. The residue was crystallized from 200 ml. of 
an 80% ethanol-water mixture.

The product was recrystallized twice from ethanol to 
give 12.5 g. (45%,) of quinazolo[2,3-c]benzo[l,4]thiazine-12- 
(6H)one, yellow prisms, m.p. 154.5-156°.

Anal. Calcd. for Ci5HraN»OS: C, 67.7; H, 3.8; N, 10.5; 
S, 12.0. Found: C, 67.8; H, 3.9; N, 10.4; S, 11.8.

Acknowledgment. We are grateful for the financial 
support by the Smith Kline and French Labora
tories for a postdoctoral fellowship under which the 
work of one of us (J. E. M.) was performed.
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This note describes the preparation of several 
halogenated 8-quinolinol compounds which were 
made in the hope that they may be of therapeutic 
value.

The Results of Biological Study.1 A number of
8-quinolinol compounds, including those reported 
in the present paper, has been tested against 
Endamoeba histolytica in vitro, and when indicated, 
against experimental amebiasis in guinea pigs. 
II was a hundred times as active as 5,7-diiodo-8- 
quinolinol in Balamuth media. Others (V and VIII) 
were somewhat more active than, or equal in activ
ity to this standard. In animal assay, V and VIII 
possessed good antiamebic activity while II had 
no activity. It is noteworthy that V was of re
markably low toxicity when administered orally 
(L.D.50: 80 mg. per 20 g. body weight of a mouse).

(1) We are indebted to Dr. Akira Hirabayasbi of our Insti
tute who has kindly performed the biological testing and 
reported the results. Details of these test results will be 
published by A. Hirabayashi in a separate communication.
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TABLE I
H a l o g e n  D e r i v a t i v e s  o f  8 - Q u i n o l i n o l  C o m p o u n d s

Y (7 
position)

Yield,
%

Anal. N, %

No. X (5 position) Solvent Form0 M.p., °C. Formula Calcd. Found

Is CH3—CO— I 90 EtOH Needles 183 (dec.) ChH8IN 02 4.47 4.44
II4 1OOÒ

I 90 EtOII Plates 209-210 CîsILoINOü 3.73 3.60
IIP Cl—CH2—CO— I 95 Glacial

AcOH
Needles 227 (dec.) CnH7ClIN02. 4.03 3.97

l \ a I—CH2—CO— H 96 C6H6 Plates 135 (dec.) CnH8IN 02 4.47 4.56
Ve CC13—CH(OH)— I 96 50% AcOH Prisms 192 (dec.) CnHvCIJNO, 3.35 3.26

VP EtOOC— I 98 EtOH Needles 199-200 C12H10INO3 4.08 4.21
VIP BuOOC— I 98 EtOH Plates 155 ChHhINOj 3.77 3.78

VHP HOOC— I 70 EtOH Prisms 228-229
(dec.)

C,oH6IN 03 4.44 4.43

IX4 Cl n o 2 80 EtOH Needles 197 (dec.) c 9h 6c in 2o3 12.47 12.90
x* Cl NH, 86 Et20 Slightly

brown
prisms

162-163 CsH7C1N20 14.40 14.20

XP Cl NHCOCIL 76 C6H6 Colorless
needles

201-202
(dec.)

Ci,H9C1N20 2 11.84 11.36

3 Unless otherwise stated all crystal colors are orange.4 Iodinated by method A-Al. c Iodinated by method B. d Prepared 
by method E. e Prepared by method C. ! Iodinated by method A-A2. 5 Iodinated by method D. 4 Prepared by the addi
tion of concentrated nitric acid (63%, 1 ml.) to a mixture of 5-chloro-8-quinolinol (1.8 g.) and glacial acetic acid (25 ml.) 
below 25°. 1 Made by stirring a mixture of IX (0.6 g.) pyridine (5 ml.) sodium hydrosulfite (4 g.) and water (20 ml.) at room 
temperature. 1 Made by allowing a mixture of X (0.4 g.) acetic anhydride (0.22 g.) freshly fused sodium acetate (0.4 g.) 
and ether (20 ml.) to stand at room temperature for 2 days.

E X P E R IM E N T A L

Method of Iodination. (A) 0.1 N  Iodine-potassium iodide 
solution (20 ml.) was added dropwise into a solution of 5- 
substituted-8-quinolinol (0.001 mol.) and sodium acetate 
(0.25 g.) in methanol (40 ml.) at about 10° during 0.5 hr. 
After standing, excess iodine was destroyed by sulphur 
dioxide.

Al. The reaction mixture was evaporated on water bath 
to one-half volume and then made up to the original volume 
by addition of water. The resulting solid was crystallized 
from solvent.

A2. The product separated upon adding w'ater (100 ml.) 
to the reaction mixture.

B. 0.1 N  Methanolic iodine solution (20 ml.) was used 
and other conditions similar to that of A-A2.

C. One-half normal methanolic iodine solution (80 ml.) 
was added to a solution of 5-(a-hydroxy-3-trichloroethyl)-
8-quinolinol (0.02 mol.) and sodium acetate (10 g.) in meth
anol (800 ml.) at about 10° during 1 hr.

Sulphur dioxide was added, if necessary, after the reaction 
mixture had stood overnight.

Most of the methanol was evaporated in vacuo below 50°. 
The product separated upon adding water (250 ml.) to the 
residual paste.

D. 0.1 N  Iodine-iodide solution (20 ml.) was added drop- 
wise with stirring to a solution of 5-carboxy-8-quinolinol 
(0.001 mol.) and sodium hydroxide (0.001 mol.) in water 
(50 ml.) at about 15° during 0.5 hr. The reaction mixture 
was acidified with acetic acid, the resulting solid filtered and 
dissolved in dilute sodium carbonate. The undissolved 
diiodo-8-quinolinol (0.05 g., m.p. 192-200°) which was 
formed as a byproduct was filtered off. The product sepa
rated upon adding acetic acid to the filtrate. I t can be re
crystallized from ethanol or glacial acetic acid.

E. A normal solution (4 ml.) of sodium iodide in acetone 
was added a little at a time to a mixture of 5-chloroacetyl-8-

quinolinol (0.004 mol.) and acetone (30 ml.) with stirring at 
room temperature. After standing for a few hours, most of 
acetone was removed in vacuo. The product separated upon 
adding water to the residue.

C h e m i c a l  L a b o r a t o r y  
K i t a s a t o  I n s t i t u t e  
T o k y o , J a p a n

C h a lc o n e -T y p e  8 -Q u in o lin o l C o m p o u n d s

K o n o m u  M a t s u m u r a , M o t o k o  I t o , a n d  S h e n  T s o  L e e  

Received April 6, 1959

The compounds were prepared by condensation 
of 5-acetyl-8-quinolinol with aromatic aldehydes 
in the presence of potassium hydroxide or hydro - 
chloric acid. None of them possessed any notable 
antituberculous or antiamebicidal activity.

E X P E R IM E N T A L

Method of condensation. A. In methanolic potassium hy
droxide. To a solution of 5-acetyl-8-quinolinol (0.38 g., 0.002 
mol.) and aromatic aldehyde (0.002 mol.) in methanol (6 
ml.) was added a solution of potassium hydroxide (1 g.) in 
water (2 ml.) whh stirring. The resulting solution was 
allowed to stand at room temperature or gently refluxed on 
a water bath. Then the reaction mixture was diluted with 
water, acidified wbh acetic acid, the separated solid filtered 
on standing and rscrystallized.
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In the case of furfural, N  sodium hydroxide (8 ml.) was 
added dropwise to a cooled solution of the components.

B. In concentrated hydrochloric acid. A mixture of 5-acetyl-
8-quinolinol (0.38 g., 0.002 mol.) aromatic aldehyde (0.002 
mol.) and concentrated hydrochloric acid (5 ml.) was al
lowed to stand in a sealed tube. After different periods of 
reaction time, the tube was opened, acid fume removed in 
vacuo, the product filtered, dissolved in water, and free base 
precipitated by adding sodium acetate to it.

C h e m i c a l  L a b o r a t o r y  
K i t a s a t o  I n s t i t u t e  
T o k y o , J a p a n

5 -C a rb o x y -8 -q u in o lin o l D eriv a tiv es

M o t o k o  I t o  a n d  K o n o m u  M a t s u m u r a  

Received April 16, 1959

This note describes the preparation of several 
derivatives of 5-carboxy-8-quinolinol in the hope 
that they may be of tuberculostatic activity. 
None of them, however, possessed any notable 
antituberculous activity in vitro.

E X P E R IM E N T A L

Condensation of 8-quinolinol with carbon tetrachloride. The 
Lippmann and Fleissner method1 was followed. Starting 
from 20 g. of 8-quinolinol and with 13 hr. refluxing, 5.7 g. 
(22%) of 5-carboxy-8-quinolinol [m.p. 272° (dec.)] was 
isolated as the final product.

From dirty matter which was insoluble in dilute sodium 
carbonate, 4.7 g. of unreacted 8-quinolinol (m.p. 70-74°) 
was recovered by distillation with steam and 1.2 g. of 5- 
carboethoxy-8-quir.olinol (m.p. 124.5-125.5°) isolated by 
carbon tetrachloride extraction of the residue of steam dis
tillation and recrystallization of the extract from ethanol, 
the identity being ascertained by mixed m.p. method with 
an authentic specimen of 5-c,arboethoxy-8-quinolinol.

The hydrochloride formed light yellow needles, m.p. 263° 
(dec.).

Anal. Calcd. for CI2H „N03-HC1: N, 5.53. Found: N, 
5.71.

The carbon tetrachloride insoluble dark solid (ca. 5 g.) 
after three recrystallizations from dilute hydrochloric acid 
gave pure hydrochloride. It produced 0.62 g. of the free base 
on treating with dilute sodium carbonate.

It formed colorless prisms, m.p. 282-283° when recrystal
lized from nitrobenzene and then glacial acetic acid. The 
analytical figures corresponded to those of fhs-8-quinolinol-
5-yl ketone.

Anal. Calcd. for C!9H12N20 3: C, 72.15; H, 3.80; N, 8.86. 
Found: C, 72.26; H, 3.79; N, 8.61.

The hydrochloride crystallized from dilute hydrochloric 
acid as light yellow columns, m.p. 309-311° (dec.).

Anal. Calcd. for C19H,2N20 3-2HC1: N, 7.20. Found: N,
7.02.

Diacetyl derivative crystallized from dilute acetic acid as 
colorless prisms, m.p. 201-202°. In dilute ethanol, it gives 
no color reaction with ferric chloride but develops a green 
color on standing or warming.

Anal. Calcd. for C23Hi6N20 5: N, 7.00. Found: N, 7.21.
8-Hydroxy-CKlI) and S-cWora-(XIII) 5-carbamoyl- 

quinoline. A mixture of 5-carboxy-8-quinolinol (1.9 g., 0.01 
mol.), phosphorus pentachloride (2.2 g., 0.011 mol.) and 
phosphorus oxychloride (2.9 g.) was heated at 100-105°

(1) E . Lippmann and F. Fleissner, Ber., 19, 2467 (1886).
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TABLE I
D e r i v a t i v e s  o f  5 - C a r b o x y - 8 - q u i n o l i n o l

A

B

OH

Com
pound A B

M.P.,
°C. Form Solvent Formula

Nitrogen 
Calcd. Found

F —COOC4H9 h 83 Slightly yellow 
rhombs

EtOH CnHisNO;, 5.71 5.52

II6 —COOC-Hs —NOo 285 (dec.) Yellow needles C6H6 c 12h ,„n 2o5 10.69 10.30
in '* J. 1 —C00C4H9 —NO, 220 (dec.) Yellow col

umns
c«h 6 c14h 14n 2o5 9.66 10.12

IVe —C00C2H6 —NH, 132-132.5 Garnet colored 
needles

Ether c12h 12n 2o3 12.07 12.05

Ve —COOC4H9 — NH, 139-140 Garnet colored 
columns

Ether Ci4HI6N20 3 10.77 10.81

VP IV Dihydrochloride 254 (dec.) Orange needles Dil. HCl C12H12N20 3-2HC1 9.18 8.76
VIP V Dihydrochloride 211 (dec.) Orange col

umns
Dil. HCl C14H16N20 3-2HC1 8.41 8.94

VHP —COOC0H5 —NH‘COCH3 192 Slightly pink 
needles

c«h 6 c„h 14n 2o4 10.22 10.24

IXe —COOC4H9 — NH'COCIL 185-186 Slightly pink 
needles

c6h 6 c 16h 1sn 2o4 9.27 9.41

X ' —CONH‘NH2 h 268 (dec.) Colorless
needles

MeOH C10H9N3O2 20.69 20.32

X P I Hydrochloride 239-240
(dec.)

Colorless
needles

Di.. HCl c 14h 15n o 3h c i 4.97 5.20

“ Made by heating a mixture of 5-earboxy-8-quinolinol (1.14 g.), butanol (5 ml.) and concentrated sulfuric acid (0.6 g.) 
at 120° for 16 hr. until clear dissolution effected, adding water and sodium acetate (2 g.) to the solution, removing butanol 
by steam distillation, dissolving the residual oil which soon solidified, in dilute hot hydrochloric acid (250 ml.) (just acid 
to congo red), filtering from dark green amorphous matter and precipitating the free ester (1.08 g., 73%) by sodium car
bonate.

Anal. Calcd. for ChHi5N 03: C, 68.57; H, 6.12. Found: C, 68.14; H, 6.37.
6 Made by heating a mixture of the corresponding ester (0.001 mol.) and 10% nitric acid (4 ml.) at 80° with stirring for 

1 hr., yield 88% II and 84% III. c Made by stirring a mixture of the corresponding nitro compound (0.001 mol.), ethanol 
(10 ml.) 2% ammonium hydroxide (14 ml.) and sodium hydrosulfite (2 g.) for 1 hr. at room temperature, removing eth
anol by evaporation on a water bath and filtering the resulting crystals on cooling, yield 60% IV and 80% V. d Made by con
centrating a solution of the corresponding base in dilute hydrochloric acid in vacuo over potassium hydroxide at room tem
perature until crystals began to separate. e Made by adding acetic anhydride (0.11 g.) and freshly fused sodium acetate 
(0.25 g.) to a solution of the corresponding amine (0.001 mol.) in ether (65 ml.), letting the mixture stand at room temper
ature for 4 days, then evaporating the ether and washing the residue with water in almost quantitative yield. { Made by 
heating a mixture of I (0.25 g.) and 80%, hydrazine hydrate (0.5 g.) at 100° for 13 hr. and washing the product with cold 
benzene, yield 59%.

for 1 hr., phosphorus oxychloride removed in vacuo and the 
residue treated with cold acetone (60 ml.) which had been 
saturated with ammonia at 0°. The reaction product on 
treating with dilute ammonia, 0.72 g. of 5-carboxy-8- 
quinolinol was recovered and the crude XII, when purified 
through the hydrochloride and finally recrystallized from 
90%, ethanol gave colorless glistening plates, m.p. 275-276° 
(dec.),2 yield 0.32 g. I t gives a deep green color with ferric 
chloride.

Anal. Calcd. for C,oH8N20 2: N, 14.89. Found: N, 14.63.
On heating 5 hr. instead of 1 hr., the reaction product, on 

recrystallization from ethanol gave XII (0.17 g.) and from 
the filtrate of recrystallization XIII (0.4 g.) respectively. 
XIII gave colorless columns, m.p. 230-231° and no color 
reaction with ferric chloride.

Anal. Calcd. for C10H7ClN,O: C, 58.11; H, 3.39; Cl. 17.19. 
Found: C, 57.91; H, 2.91; Cl, 17.27.

The picrate crystallized from ethanol as plates, m.p. 200- 
202°.

(2) Lit. m.p. 264-265° (dec.). G. R. Cierno and R. Howe,
J. Chem. Soc., 1955, 3552.

Anal. Calcd. for C,0H7ClN2O-C6H3N3O7: N, 16.07. 
Found: N, 15.51.

C h e m i c a l  L a b o r a t o r y  
K i t a s a t o  I n s t i t u t e  
T o k y o , J a p a n

S y n th e s is  o f  iV -A c e ty l-5 -m e th o x y try p ta m in e

J. S z m u s z k o v ic z , W. C. A n t h o n y , 
a n d  R. V. H e i n z e l m a n
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Lemer has reported the isolation1 from pineal 
glands and peripheral nerves of an indole deriva
tive, melatonin, which is the most potent agent

(1) A. B. Lemer, J. D. Case, Y. Takahashi, T. H. Lee,
and W. Mori, J. Am. Chem. Soc., 80, 2587 (1958).
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known in lightening frog skin. Melatonin and an 
inactive indole accompanying it in the isolation 
procedure have since been reported2'3 to have the 
structures, 5-methoxy-iV-acetyltryptamme (I) and
5-methoxyindole-3-acetic acid (II), respectively.

5-Methoxytryptamines seem to be of rare oc
currence in nature, the only case we could find 
being 5 - methoxy - N  - methyltryptamine, iso
lated from the grass Phalaris arundinacea LA

The infrared spectrum of the methyl ester of 
naturally occurring II was found to be identical 
with that of the methyl ester of synthetic II de
scribed in the present paper. However, even though 
the evidence3 5 for structure I is quite convincing, 
it has not been possible to characterize melatonin 
completely due to its availability from pineal glands 
in only microgram quantities and in an impure 
state.

ch :o

N 

H

('I

I

O
ll

f CH.NHCCII

CHH
p-----rpCI-hCOOII

N
I

II II

In the present paper we would like to report 
the synthesis of I by two previously unreported 
routes. This material has the full activity of natural 
melatonin when tested on the frog skin.6

Previously, o-methoxytryptamine has been pre
pared by reaction of p-methoxyphenylhvdrazine 
with y-aminobutyraldehyde diethyl acetal and 
zinc chloride,6'7 from 5-methoxyindolemagnesium 
iodide and chloroacetonitrile8 followed by reduc
tion with sodium and alcohol,9'10 and from p- 
methoxyphenyldiazonium chloride and 3-carbeth- 
oxy-2-piperidone followed by ring opening and 
decarboxylation.11

o-Methoxy-M-acetyltryptamine was used by 
Spath and Lederer6 as an intermediate for the 
preparation of 10-methoxy-3-methyl-5,6-diliydro-
4-carbolin, but it was neither purified nor char
acterized.

(2) A. B. Lerner, J. D. Case, K. Biemann, It. V. Heinzel- 
man, J. Szmuszkovicz, W. C. Anthony, and A. Krivis, 
J. Am. Chem. Soc., 81, 5264 (1959).

(3) A. B. Lerner, J. D. Case, and R. V. Heinzelman, 
J. Am. Chem. Soc., 81, 6084 (1959).

(4) S. Wilkinson, J. Chem. Soc., 2079 (1958).
(5) The comparison of natural melatonin and I in the 

frog skin test was carried out b\' Dr. A. B. Lerner, Yale 
University School of Medicine.

(6) E. Spath and E. Lederer, Her., 63, 2102 (1930).
(7) T. Hoshino and T. Kobayashi, Ann.. 516, 81 (1935).
(8) R. Majima and T. Hoshino, Ber., 58, 2042 (1925).
(9) H. Wieland, W. Konz, and H. Mittasch, Ann., 513, 

1 (1934).
(10) B. Asero, Y. Colo, V. Erspamer, and A. Vercellone, 

Ann., 576, G9 (1952).
(11) R. A. Abramoviteh and D. Shapiro, Chem. A hid.

(London), 1255 (1955).

Our syntheses were chosen primarily because of 
the availability of appropriate starting materials. 
In the first synthesis 5-methoxyindole was con
verted to the corresponding gramme derivative, 
followed by displacement with cyanide, lithium 
aluminum hydride reduction, and acetylation. 
In the second synthesis, 5-methoxyindole-3-alde- 
hyde was condensed with nitromethane and the 
resulting unsaturated nitro compound was reduced 
with lithium aluminum hydride and acetylated.

In connection with the identification of the 
second pineal-extract product II, we have repeated 
the preparation of 5-methoxyindole-3-acetic acid 
according to the literature7 and converted it to its 
crystalline methyl ester. Previously II was pre
pared by alkaline hydrolysis of 5-methoxyindole-3- 
acetonitrile12'13 and by the Japp-Klingeman 
method.14 I t was reported as a urinary excretion 
product of 5-methoxytryptamine in rats.15

EXPERIMENTAL

All melting points (capillary) are uncorrected. Ultraviolst 
spectra (in mp) were determined in 95% ethanol using a 
Cary spectrophotometer, Model 14. Infrared spectra (in 
cm.-1) were determined in Nujol using a Perkin-Elmer 
recording infrared spectrophotometer, Model 21.

5-M ethoxy indole was purchased from Regis Chemical 
Co., Chicago, III.

5-Methoxygramine was prepared according to Cook16; 
m.p. 124-125° (lit., m.p. 124-125°); ultraviolet spectrum 
mM (i): 212 (29,850); 274 (6,250); 295 (4,950); f. 306 (3,700); 
infrared spectrum: NH: 3200 sh., 3090; lerl. amine: 2800, 
2770 sh.; C=C: 1625, 1590, 1545, 1490; C—O: 1250, 1220, 
1070, 1038; aromatic substitution: 854, 830, 750.

B-Methoxyindole-S-acetonitrile was prepared according to 
the method used previously for the synthesis of indole- 
S-acetonitrile.17 A solution of potassium cyanide (27.2 g. ; 
0.42 mole) in 55 ml. of water was added to a solution of 5- 
methoxygramine (43 g. ; 0.21 mole) in 550 ml. of methanol. 
Methyl iodide (71 g.; 0.502 mole) was then added during 10 
min., keeping the temperature below 20°. The reaction mix
ture was then stirred at 20-25° for 16 hr. The resulting 
suspension was evaporated at 35-40°. Water (300 ml.) 
and ether (500 ml.) were added and the suspension was fil
tered to give 25.9 g. of a colorless solid which proved to bo 
impure tétraméthylammonium iodide (infrared spectra). 
It was recrystallized from methanol, m.p. >320°.

Anal. Calcd. for C,H12IN: C, 23.89; H, 6.02; I, 63.12; N, 
6.97. Found: C, 24.42; H, 6.25; I, 62.71; N, 6.92.

The ultraviolet (X„a* 219, c 13,900) and infrared spectra 
were identical with those of an authentic sample of tétra
méthylammonium iodide.

The fdtrate was separated into two layers and the ethereal 
solution was washed with 5% hydrochloric acid (4 X 100

(12) T. Hoshino and K. Shimodaira, Bull. Chem. Soc., 
Japan, 11, 221 (1936). Chem. Abstr., 30, 5982» (1936). 
These authors also reported the ethyl ester, m.p. 97-98°.

(13) B. Asero, V. A. Coló, and A. Vercellone, II Fármaco 
(Pavia) Ed. Set., 11, 219 (1956); Chem. Abstr., 50, 13870e
(1956).

(14) S. P. Findlav and G. Dougherty, J. Org. Chem., 13, 
560 (1948).

(15) V. Erspamer, J. Physiol. (London), 127, 118 (1955).
(16) J. W. Coox, J. D. Loudon, and P. McCloskey, 

J. Chem. Soc., 1203 (1951).
(17) M. B. Henbest, E. R. H. Jones, and G. F. Smith, 

J. Chem. Soc., 3796 (1953).
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ml.). A gummy impurity separated and after a few minutes 
was easily removed by decantation. The ether layer was 
washed in succession with water, sodium bicarbonate solu
tion, water, and saturated salt solution and dried through 
sodium sulfate to give 25 g. (64% crude yield) of the nitrile 
as a yellow oil; ultraviolet spectrum: 218 (27,350); 273 
(6,500); 295 (4,750); 306 (3,800); infrared spectrum: C=N: 
2240 (m); 2800? (w).

5-M ethoxytryptamine. A solution of the crude 5-methoxy- 
indole-3-acetonitrile (19 g., 0.102 mole) in 200 ml. of ether 
was added during 10 min. to a solution of lithium aluminum 
hydride (19 g.) in 1200 ml. of ether under nitrogen.

The resulting thick suspension was refluxed for 3 hr. and 
allowed to stand overnight. The mixture was cooled in ice 
and decomposed in succession with 20 ml. of water, 20 ml. 
of 15% aqueous sodium hydroxide, and 60 ml. of water. 
The resulting suspension was filtered and the cake washed 
well with ether.

The colorless filtrate was extracted with 5% hydrochloric 
acid (5 X 100 ml.). Some gummy material precipitated and 
was easily removed by decantation. The clear yellow extract 
was cooled in ice and made basic with 30% potassium 
hydroxide. The resulting oil was extracted three times with 
ether (total 500 ml.). The ether was washed with water 
followed by saturated salt solution; it was then dried 
through sodium sulfate and evaporated under reduced 
pressure to give a yellow solid, m.p. 119-122° (13.5 g.; 
70% yield). Crystallization from benzene gave pale 3u;llow 
prisms, m.p. 121.5-122.5° (lit..,9 m.p. 121-122°); ultra
violet spectrum: 223 (25,250); 277 (6,300); 296 (5,050); f 308 
(3,450); infrared spectrum: NH: 3310, 3250, 3080; aromatic 
C=C: 1620, 1585, 1495; C—O: 1240, 1220; aromatic sub
stitution: 860, 850, 813, 793.

N-Acetyl-5-methoxytryptamine (I). 5-Methoxytrypfamine 
(7.6 g.) was added to 35 ml. of acetic anhydride at room 
temperature. The resulting brown solution became warm 
and was allowed to stand under nitrogen for 23 hr. Water 
(200 ml.) was added and the mixture was stirred for 0.5 
hr. I t was then cooled in ice and neutralized partially by 
addition of solid sodium carbonate (28 g.). The resulting 
suspension was filtered and the solid washed with water. 
It was crystallized from benzene to give 7.6 g. (81.5% 
yield) of pale yellow leaflets, m.p. 116-118° unchanged on 
further recrystallization; ultraviolet spectrum: 223 (27,550); 
278 (6,300); f. 297 (5,150); f. 308 (3,500); infrared spectrum: 
NH: 3240; C = 0 : amide I, 1627; amide II, 1555; aromatic 
C=C: 1620, 1587, 1492; C—O: 1217, 118C: aromatic sub
stitution: 828, 810, 800.

Anal. Caled. for Ci3H16N202: C, 67.22; H. 6.94; N, 12.06. 
Found: C, 67.27; H, 6.79; N, 11.89.

5-Methoxy-f3-indoleninideniumelhyl nitronate. A solution of 
22 g. of ammonium acetate, 6.0 ml. of acetic anhydride, and
17.6 ml. of acetic acid was stirred for 20 min. and a mixture 
of 30.0 g. (0.18 mole) of 5-methoxyindole-3-aldehyde (Regis 
Chemical Co.), 100 ml. of nitromethane, and 120 ml. of 
acetic acid was added. The solution was brought to reflux 
and 14 g. of sodium acetate was added. The mixture was 
refluxed for 2 hr. while 20 ml. of acetic anhydride was added 
dropwise. The solution was allowed to cool while 45 ml. of 
water was added dropwise. The mixture was refrigerated 
and filtered. After recrystallization from alcohol the product 
weighed 9.6 g. (25%) and melted at 157-158°; infrared

/ O
spectra: NH/OII: 3215; C=C: 1612, 1585; —N \^ :

1297, 1255, 1212, 979; C—O: 1108, 1074; aromatic substitu
tion: 954, 920, 815, 800, 783, 689; ultraviolet spectrum: 224 
(19.700); 283 (9100); f. 292 (8250); f. 302(6550);405 (20,200).

Anal. Caled. for CaaHi0N2O3: C, 60.54; H, 4.61; N, 12.84. 
Found: C, 60.07; H, 4.30; N, 12.65.

5-Methoxytryptamine. A solution of 6.0 g. (0.027 mole) 
of the nitronate and 50 ml. of tetrahydrofuran was added 
dropwise to a refluxing mixture of 5.4 g. (0.14 mole) of 
lithium aluminum hydride and 100 ml. of tetrahydrofuran.

The mixture was refluxed for 4 hr. after the addition was 
complete. It was then cooled and the excess lithium alumi
num hydride was decomposed with wet ether followed by 
coned, potassium hydroxide solution. The solution was de
canted and the residue washed thoroughly with ether and 
added to the original filtrate. The filtrate was dried over 
potassium carbonate and concentrated. The residue was 
dissolved in ethyl acetate, refluxed with Nuchar-190-N, 
and filtered. An approximately equal volume of Skellysolve 
B was added ar.d the solution was refrigerated overnight. 
Filtration yielded 1.3 g. (27%) of product which melted 
at 115-117°. It was identical with the sample obtained by 
the gramine procedure (infrared, ultraviolet) and on 
acetylation gave I.

5-M ethoxyindole-3-acetonitrile was prepared from the Grig- 
nard derivative with chloroacetonitrile.8

5-Melhoxyindole-S-acetic acid was prepared by hydrolysis 
of the crude nitrile with aqueous methanolic potassium 
hydroxide.12 The acid melted at 145-146°; ultraviolet 
spectrum: 221 (25,150); 276 (6,300); 296 (4,800); f. 308 
(3.400); infrared spectrum: NH: 3,330; OH (carboxyl): 2640, 
2560; C==0: 1690, 1670; C—O: 1215, 1175.

Anal. Caled. for C11H11NO3: C, 64.38; H, 5.40; N, 6.82. 
Found: C, 64.20; H, 5.13; N, 6.62.

Methyl 5-methoxyindole-S-acetate. 5-Methoxy-3-indole- 
acetic acid (1.0 g.; 0.005 mole) was suspended in 100 ml. 
of ether and treated with three equivalents of diazomethane 
in ether. After 2 hr. 1.0 ml. of acetic acid was added. The 
solution was washed with water, sodium bicarbonate, and 
then with water. The solution was dried over potassium 
carbonate and concentrated to yield a dark red oil. This oil 
was subjected to distillation and the material boiling below 
250°/0.03 mm. was collected. The resulting distillate 
solidified upon scratching. After crystallization from 50% 
benzene-Skellysolve B the product weighed 0.4 g. (35%) 
and melted at 73-74°; ultraviolet spectrum: 219 (25,800); 
275 (6,350); f. 295 (4,850); f. 307 (3,500); infrared spectrum: 
NH: 3350; C = 0 : 1721; aromatic C=C: 1625, 1591, 1495; 
C—O: 1250, 1221, 1184, 1100, 1064, 1030; aromatic sub
stitution: 825, 806.

Anal. Caled. for C12H13N 03: C, 65.74; H, 5.98; N, 6.39. 
Found: C, 65.61; H, 5.83; N, 6.73.

Acknowledgment. The authors want to thank 
Mr. W. A. Struck and his associates for the micro
analyses, Mr. M. F. Grostic, Dr. R. W. Rinehart, 
and Mr. J. E. Stafford for the spectroscopic data, 
and Mr. L. G. Laurian for laboratory assistance.

D e p a r t m e n t  o f  C h e m i s t r y

T h e  U p j o h n  C o m p a n y

K a l a m a z o o , M i c h .

T ro p in e  i)L -a -M e tliy ltro p a te  (M e th y la tro p in e )  
a n d  I t s  O p tic a l A n tip o d e s

G a e t a n o  M e l o n e , A l b e r t o  V e c c h i , G i u s e p p e  P a g a n i , 
a n d  E m i l i o  T e s t a

Received September 14, 1959

The loss of physiological activity on the ready 
racemization of natural Z-hyoscyamine (I R = 
H)1-4 led us 70 search for more stable active anal- 1 2

(1) D. Bovet and F. Bovet-Nitti, Structure et activité des 
Médicaments du syslhème nerveux végétatif, p. 499, S. Karger, 
Baie (1948).

(2) A. R. Cufhny, J. Physiol, 9, 4 P (1903).
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WAVE NUMBERS (cm-i)

Fig. 1. Tropine di-a-mcthyl tropate

ogues. We have now resolved di-a-methyltropic 
acid (II) the synthesis of which we recently de
scribed.5,011 The acids (dl, d and /) were converted 
to their O-acetyl chlorides, and these treated with 
tropine. Partial hydrolysis of the resulting ester
CH, -CH------

I
N—CH3

-CH

A
c h 2—c h -

c 6h 5
I

H —O—C—C—R
!

-CH, O CH2OH 
I

CeHr,
\ ,

c
/ x

CH,
II

COOH

CH2OH

gave dOmethylatropine and the optically active 
a-methylhyoscyamines (I R = CH3). Foster and 
Ing, who at first claimed to have synthesized a- 
methylatropine,7 later recognized that they had 
actually synthesized the a-benzyl lactate of tro
pine.8 Both racemic and optically active I (R = 
CH3) arc white crystals. Their infrared spectra are 
reported in Figs. 1 and 2. The optical dispersion 
curve of a 1% aqueous solution of ( +  ) - methyl- 
hyoscyamine hydrochloride shows a gradual in-

(3) A. It. Cushny, J. Pharmacol., IS, 105 (1020).
(4) M. Barrowcliff and F. Tutin, J. Chem. Soc., 99, 1960 

(1909).
(5) A. Veechi and G. Melonc, J. Org. Chan., 24, 109 

(1959).
(6) (a) E. Testa, L. Fontanella, G. F. Crisdani and F. 

Fava, Ann., 619, 47 (1958). (b) This acid has also been pre
pared in very poor yield by .H. E. Zaugg and It. W. De Net 
[/. Org. Chem., 23, 498 (1958)].

(7) R. Foster and H. R. Ing, J. Chem. Soc., 938 (1956).
(8) R. Foster and H. R. Ing, J. Chem. Soc., 925 (1957).

crease: at 700 nip, 3°; at 500 mp, 11°; 400 nip, 
23.5°; 375 mp, 29°. The pharmacological activity of 
this product will be reported by Dr. G. Maffii 
and Cows. From the preliminary trials6 a-methyl 
atropine seems as active as atropine and its ( —) 
antipode [( — )-methylhyoscyamine] displays a 
higher activity than the (+ ) antipode.

E X P E R IM E N T A L

Resolution of a-mclhyltropic acid (II) into its optical anti
podes. (a) ( — )-a-Methyllropic acid. To 100 g. of dl-a- 
met.hyltropic acid,5'’ m.p. 89-90°, and 185 g. of quinine free 
base dissolved in 450 ml. of warm absolute ethanol, was 
added 450 ml. of distilled water and the mixture heated for 5 
min. on a boiling water bath. After 24 hr. at room tempera
ture the crystalline precipitate was collected by suction, 
washed with 50% ethanol and dried: yield 118 g. of quinine 
( — )-<*-methyltropa:e, m.p. 179.5°, [a]2D° —120.7° (c = 2, 
ethanol). The recrystallization from 460 ml. of absolute 
ethanol and 460 ml. of distilled water gave 81.3 g. melting 
at 182-183°; [a]2D° —123.4 (c = 2, ethanol). This product 
was further purified through a crystallization from 2350 ml. 
of a 9:1 mixture of ethyl acetate-95 % ethanol with the 
addition of charcoal. The mixture was allowed to stand over
night at room temperature, then filtered. Yield, 60.5 g., 
m.p. 185-186°; [a]2,? —121° (c = 2, ethanol). Further 
recrystallizations from different solvents did not raise the 
melting point or change the specific rotation value.

Anal. Calcd. for C20H24N2()2;CioHi20,i: N, 5.55. Found. 
N, 5.54.

The quinine ( — )-a-methyltropate (60 g.) was suspended 
in 400 ml. of water and acidified to pH 1 with hydrochloric

(9) G. Maffii, personal communication.
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acid under cooling. The solution was extracted three times 
with ethyl ether; the ether extracts were washed with water, 
dried over sodium sulfate, and evaporated to dryness. The 
oily residue crystallized on standing; on recrystallization 
from 1800 ml. of benzene-petroleum ether (1 :i) 15.8 g. of 
( — )-o-methyltropic acid were obtained, m.p. 89-90°; 
[«12d —28.3° (c = 2, ethanol).

Anal. Calcd. for CioHn03: C, 66.60; H, 6.71. Found; 
C, 66.85; H, 6.87.

(b) (A-)-a-Methyltropic acid. To a warm solution of 13.51 
g. of di-a-methvltropic acid,5'6 m.p. 89-90°, in 54 ml. of 
absolute ethanol was added 20.6 g. of brucine free base in 
54 ml. of warm water. The mixture was refluxed until com
plete solution was obtained, then allowed to stand over
night. The precipitate, 10 g., was collected by suction, 
dried in vacuo and recrystallized from 250 ml. of a 1:1 mix
ture of ethyl acetate-95% ethanol with the addition of 
charcoal. After standing some hours 4.6 g. of brucine ( +  )-«- 
methyltropate were collected; m.p. 209-212°: —19.22°
(c = 2, ethanol).

Anal. Calcd. for CssH^XiCL,'CioHi20 3: X, 4.87. Found: 
X, 5.11.

The brucine (+  )-a-methyltropate may also be prepared 
from the mother liquors of the first crystallization of 
quinine ( — )-a-methyltropate after separating the free acid 
by acidification.

The brucine (+  )-a-methyltropate (3.8 g.) was treated 
as described above for quinine ( — )-a-methyltropate. The 
crude product was recrvstallized from 60 ml. of benzene- 
petroleum ether (1:1) with addition of charcoal. Yield 0.5 g. 
of colorless needles melting at 88-90°; [a]2D° +27° (c = 2, 
ethanol).

Anal. Calcd. for (+1I]20 3: C, 66.60; H, 6.71. Found: 
C. 66.46; H, 6.69.

0-Acetoxy-a-melhyl-a-phenylpropionyl chlorides. Example 
for dl-derivative. A mixture of 13.5 g. of dZ-a-methyltropic 
acid and 27 ml. of acetyl chloride was refluxed for 0.5 hour, 
then the excess of acetyl chloride was removed in vacuo. 
The oily residue was treated with 70 ml. o: thionyl chloride 
and refluxed 1 hr. The excess thionyl chloride was distilled 
and the residue distilled from a Claisen flask to give 11.2 
g. of product, b.p. 113—116 °/l mm. The distilled compound 
solidified on standing and was recrvstallized from 70 ml. of 
petroleum ether: yield 10.6 g. (59%), m.p. 66-69°.

Anal. Calcd. for Ci2Hi.3C103: Cl, 14.74. Found: Cl, 14.51.
The (+ )- and ( — )-derivative were prepared, starting 

from the (+ )- and ( — )-a-methyltropic acid respectively, 
as described for the ^/-derivative. The (+ )- and ( — )- 
isomers were not distilled from the Claisen flask and isolated 
in a pure state but employed as such for the following con
densation with tropine.

a-Methylalropine (tropine dl-a-methyllropale). dl-i3-Acet- 
oxy-a-methyl-a-phenylpropionyl chloride (5.8 g.) and
tropine free base10 1 (4.2 g.), thoroughly mixed, were heated 
for 5 hr. at 150°. The mixture turned to brown and gas was 
evolved. After cooling to room temperature, the mixture 
was treated with 60 ml. of warm water, then with charcoal, 
and filtered from the scanty undissolved residue. The 
filtrate was adjusted to pH 9 with a saturated solution of 
sodium carbonate, extracted with ethyl ether and the ether 
extract dried over sodium sulfate and filtered. The filtrate 
was made acidic to Congo red by treatment with a saturated 
ether solution of hydrogen chloride. A thick oil separated, 
which was decanted from the ether and dissolved in 20 ml. 
of water. Two drops of 10% hydrochloric acid were added 
to this solution and the mixture was allowed to stand 15 
hr. at room temperature, in order to hydrolyze the O-acetyl 
group. A saturated solution of sodium carbonate was then 
added, the separated oil extracted with ethyl ether, dried 
over sodium sulfate, and concentrated to a final volume of 
20 ml. On cooling and rubbing a-methylatropine precipi

tated in the form of white fine crystals. Yield 0.9 g.: m.p.
131-133°.

Anal. Calcd. for Ci8H25N 03: C, 71.25; H, 8.30; X, 4.61. 
Found: C, 71.04; H, 8.29; X, 4.79.

( — )~a-Methy'.hyosc.yamine [tropine ( — )-a-methyltropale]. 
A mixture of 3.74 g. of tropine free base, 6.24 g. of ( —)-/3- 
acetoxy-a-methyl-a-phenylpropionyl chloride and 4 ml. of 
anhydrous toluene was heated for 4 hr. at 120-125°, then 
cooled, treated with 65 ml. of water and acidified to pH 
1 with 10% hydrochloric acid. The mixture was extracted 
with ethyl ether,, the aqueous layer adjusted to pH 8.3 with a 
saturated solution of sodium carbonate and extracted with 
ethyl ether. This ether extract was dried over sodium sulfate, 
and acidified to pH 1 with a saturated ether solution of 
hydrogen chloride. The ether was decanted and the oily 
residue treated with 35 ml. of water, acidified with 5 drops 
of 10%, hydrochloric acid, and allowed to stand 15 hr., to 
hydrolyze the O-acetyl group. The mixture was adjusted 
to pH 8.5 with a saturated solution of sodium carbonate, 
extracted with ethyl ether, the extract washed with water, 
dried over sodium sulfate and made acidic with a saturated 
ether solution of hydrogen chloride. The ether was decanted, 
the residual oil treated with boiling ethyl acetate with the 
addition of charcoal and filtered. After standing some days
0. 470 g. of crystalline ( — )-a-methylhyoseyamine hydro
chloride were collected; m.p. 210-212°; [a]2," —6.8° (c = 1, 
water).

Anal. Calcd. for C„H25X 03-HC1: C, 63.51: H, 7.42; X, 
4.12; Cl, 10.4. Found: C, 64.01; H, 7.50; X, 4.09; Cl, 10.2.

(+ )-«  -Methylhyoscyamine [tropine (-\-)-a-methyltropate] 
was prepared exactly as described for ( —) isomer starting 
from 3.99 g. of tropine free base, 6.63 g. of (+  )-/3-acetoxy-a- 
methyl-a-phenylpropionyl chloride and 4 ml. of anhydrous 
toluene. Yield, 0.735 g. of crystalline (+  )-a-methylhy- 
oscyamine hydrochloride, m.p. 210-211.5°: [a]2D° +7.3° (c =
1, water).

Anal. Calcd. for C,8H25X 03 HC1: C, 63.61; H, 7.42; 
X, 4.12; Cl, 10.4. Found: C, 63.49; H, 7.95; X, 3.70; Cl, 
10.85.
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It has been postulated by Johnson and Van 
Campen* that the oxidation of trialkylboranes to 
the corresponding alkylboronates (II) proceeds 
through an intermediate (I) containing a boron

(1) J. R. Johnson and M. G. Van Campen, J. Am. 
('hem. Sor., 60, 121 (1938).(10) Fluka, A. G., Buchs (Switzerland)
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R3B +  0 2 -— [R3B ■<—  0 2] — >  RB(OR)2 
I II

oxygen dative bond. More recently it has been 
shown that peroxides of the structure, R2BOOR, 
are also intermediates in this autoxidation.2’3 
We wish to describe some observations which indi
cate that a molecular complex between oxygen and 
the trialkylborane is an intermediate in the forma
tion of the boron peroxides.

Studies were made on the rate of formation of 
peroxide in dilute hydrocarbon solutions of tri- 
n-butylborane through which oxygen had been 
bubbled. In these experiments a molar equivalent 
of oxygen was passed rapidly through the dilute 
boron alkyl solution. Nitrogen was then passed 
through the solution to remove unreacted, dissolved 
oxygen and to provide an inert atmosphere, where
upon aliquots were withdrawn at intervals and the 
yield of peroxide determined iodometrically. The 
results of a typical experiment are illustrated in 
Figure 1.

TIME (MINUTES)

Fig. 1. Peroxide formation at 26°

Although there was presumably no dissolved 
oxygen in the system it is apparent that the yield 
of peroxide increased with time. This can best be 
explained by the initial and rapid formation of a 
nonperoxidic compound of oxygen with the tri
alkylborane, perhaps having the structure (I); 
followed by the slower rearrangement of this com
plex to the peroxide.

At temperatures of —10° or above in the pres
ence of excess oxygen one mole of peroxide was 
produced per mole of boron alkyl (Table I). 
This is in agreement with the observations of Petry 
and Verhoek.2 At lower temperatures, however, 
the stoichiometry is not so well defined, but it is 
apparent that considerably more than one mole of 
peroxide results. Another difference noticed at the 
lower temperatures was an increased rate of per
oxide formation.

(2) R. C. Petry and F. H. Verhoek, J. Am. Chem. Soc., 
78, 6416 (1956).

(3) A. G. Davies and M. H. Abraham, Chem. & Ind.
(London), 1622 (1957).

TABLE I
P r e p a r a t i o n  o f  r - B u t y l b o r o n  P e r o x i d e s  b y  t h e  P a s 
s a g e  o f  a  T e n - F o l d  M o l a r  E x c e s s  o f  O x y g e n  T h r o u g h  
a  O n e - W e i g h t  P e r  C e n t  S o l u t i o n  o f  T r i - r - B u t y l -  

b o r a n e

Run Solvent
Moles Peroxide 

Moles Bu3B rp 0

1 Benzene 0.96 26
2 Benzene 1.04 26
3 Iso-octane 1.00 -1 0
4 Iso-octane 1.05 -1 0
5 n-Heptane 1.92 -7 8
6 »-Heptane 1.55 -7 8

The reason for the more rapid formation of per
oxide in increased yield at the lower temperatures 
is not evident from our data. It may indicate that 
at low temperatures where the concentration of 
oxygen is high the initial complex of boron and 
oxygen reacts further with oxygen to rapidly form 
a diperoxide.

The decomposition of one-weight per cent solu
tions of the resulting boron peroxide in iso-octane 
was also studied briefly. No significant decompo
sition was observed at 25° in fifty hours. However, 
at 50° and 100° the half-lives for the decomposition 
were forty-three and one and a half hours, respec
tively.

E X P E R IM E N T A L

Purification of materials. Reagent grade hydrocarbons were 
dried over sodium and distilled. Center cuts were used.

The tri-n-butylborane was obtained from the Callery 
Chemical Co. and distilled at reduced pressure. Centei 
cuts were used, b.p. 48° at 0.5 mm.

The oxygen and nitrogen (Linde Co.) were of very high 
purity and used as obtained.

Preparation of peroxides. A 1-1., three-necked, round- 
bottomed flask which had an outer jacket for circulating 
liquid of the desired temperature was equipped with a 
“Tru-Bore” stirrer, a fritted glass gas delivery tube, a 
thermometer, and a Dry Ice condenser to catch vapors 
swept over by the incoming gas.

To this flask was added 495 g. of the desired solvent. This 
solvent was purged with nitrogen to rid it of any dissolved 
air. Then 5.0 g. of ori-n-butylborane was added. A known 
amount of oxygen was admitted through a flowmeter to the 
stirred solution. The amount of gas passing through the 
flask was noted on another flowmeter. The rate of oxygen 
passage was approximately 1 min. per molar equivalent of 
gas introduced. After the desired amount of oxygen had been 
passed into the flask the solution was well purged with 
nitrogen.

Analyses of solutions. The Dry Ice condenser was then 
replaced by a tube extending to the bottom of the flask 
which allowed a known volume of solution to be withdrawn 
from the flask. These aliquots were analyzed for peroxide 
iodometrically by the method of Siggia.4

Tri-n-butylborane, di-»-butyl(n-butoxy)borane, n-butyl- 
(di-n-butoxy)borane and dissolved oxygen did not liberate 
iodine from sodium iodide under these conditions. The sol-

(4) S. Siggia, Quantitative Organic Analyses Via Func
tional Groups, John Wiley and Sons, Inc., New York, 1949,
p. 101.
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vents used did not form peroxides, as determined iodo- 
metrically, under experimental conditions.
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The reaction between l-bromo-2,3-epoxy butane, 
I, and phenol in basic solution has been reported1 
to yield 3-phenoxy-l,2-epoxybutane.

In the present work phenol was allowed to react 
with I in the presence of boron trifluoride to find 
whether the direction of epoxide ring opening was 
the same as that reported for the reaction conducted 
in basic medium. The product of the acid-catalyzed 
reaction was found to consist chiefly of l-bromo-3- 
phenoxy-2-butanol, II.

BFj
CH3—CH—CH—CH2Br +  C6H5OH — >-

\ /
O

CH3—CH---- CH—CH2Br

OC6H6 OH

Dehydrobromination2 of II at room tempera
ture produced 3-phenoxy-l,2-epoxybutane, III. 
Upon treatment with silver oxide, III was oxidized 
to 2-phenoxypropionic acid.

The acid-catalyzed opening3 of the epoxide 
ring of I may proceed in either direction, giving two 
possible carbonium ions:

Br — > CH2—CH—CH—CH3, IV, and
5+ + |

0 -
Br — > CHa—CH—CH—CH,, V.

6+ | +
O-

Species IV would be predicted to be the less stable 
ion because of the presence of two positive charges

(1) R. L. Rowton and R. R. Russell, J. Org. Chem., 23, 
1057 (1958).

(2) The presence of l-bromo-2-phenoxy-3-butanol was 
neither proved nor disproved. A small quantity of bromine- 
containing material remained after treatment of II with 
sodium hydroxide, but no attempt was made to identify 
it.

(3) Unimolecular ring opening of the oxonium complex 
is often accepted as the mechanism of such reactions in acid 
media, (a) A. A. Petrov, Chem. Tech. (Berlin), 6, 639 
(1954). (b) S. Winstein and R. B. Henderson, Heterocyclic 
Compounds, R. C. Elderfield, Ed., John Wiley & Sons, 
New York, N. Y., 1950, Vol. 1, p. 37.

(one real, one partial) on adjacent carbon atoms. 
Since V leads to the formation of II, the adjacent 
charge rule3“'4 may be used to explain the pre
dominant formation of that isomer. Such an inter
pretation is successful in accounting for the ex
clusive formation of 3-phenoxy-l-chloro-2-pro- 
panol5 6 * during the reaction of epichlorohydrin with 
phenol in the presence of boron trifluoride.

EXPERIMENTAL

Boiling points and melting points are uncorrected. 1- 
Bromo-2,3-epoxybutane, b.p. 143-145°, was prepared by 
the method of Petrov.8

Reaction of l-bromo-2,3-epoxybutane, I, with phenol. In a 
1-1., three-necked flask was placed a solution of 94 g. (1 
mole) phenol and 1 g. boron trifluoride dissolved in 500 ml. 
benzene. While the temperature was maintained in the 
range —2° to +2°, 37.7 g. (0.25 mole) of I were added 
dropwise and with vigorous agitation. The addition required 
about 30 min. After the addition of I was complete, the solu
tion was stirred for an additional 30 min. Water was then 
added to destroy the catalyst. The water was removed and 
the benzene was distilled at reduced pressure. At 15 mm. 
pressure phenol was removed by distillation in the range 
78-90°. The product was 36.7 g. (60% yield) of clear, 
colorless oil, b.p. 100-105° at 0.3 mm., ii2„2° 1.5500, which 
was found to be l-bromo-3-phenoxy-2-butanol, II. An 
attempt to oxidize this compound with sodium hypoiodite 
was not successful.

Anal. Calcd. for C,„H130 2Br: C, 49.10; H, 5.35; Br, 32.60. 
Found: C, 49.78; H, 5.56; Br, 32.52.

Dehydrobromination of l-bromo-3-phenoxy-2-bulanol, II. A 
mixture of 35.2 g. of II, 200 ml. ethanol, and 50 ml. of 6N 
sodium hydroxide was shaken vigorously at room tem
perature for 1 hr. One liter of water was then added, and 
the product was removed by three extractions with diethyl 
ether. Analysis of the aqueous phase by the Mohr method 
indicated 96% removal of the bromine. The ether solution 
of epoxide was washed with water until neutral and dried 
over anhydrous calcium sulfate. The residue after removal 
of the ether was fractionated through a short Vigreux 
column to give 18.8 g. (80% yield) of 3-phenoxy-l,2- 
epoxybutane, III, b.p. 74-77° at 0.3 mm., 1.5188. The 
residue was 3 g. of yellowish oil which gave a positive 
qualitative test for bromine.

Oxidation of 3-phenoxy-l ,2-epoxybutane, III. Oxidation of 
III was carried out by stirring 3 g. of III with 17 g. silver 
oxide and 50 ml. of 10% sodium hydroxide solution for 18 
hr. on the steam bath. The metallic silver was removed by 
filtration, and the solution was acidified with dilute hydro
chloric acid. Several ether extractions yielded 3 g. of crude 
crystals upon evaporation of the ether. Recrystallization 
from hot water produced 2.4 g. (79% yield) of 2-phenoxy
propionic acid, m.p. 115-116°. The amide and anilide were 
prepared and found to melt at 131° and 117-118°, respec
tively. These values are in good agreement with the litera
ture values for 2-phenoxypropionic acid and derivatives.

D epartment op C hemical E ngineering
M issouri School op M ines and M etallurgy
R olla, M o.

(4) A. E. Remick, Electronic Interpretations of Organic 
Chemistry, 2nd Ed., John Wiley & Sons, New York, N. Y., 
1950, p. 150.

(5) E. Levas, Ann. chim., [12], 3, 145 (1948).
(6) A. A. Petrov, J. Gen. Chem. (U.S.S.R.), 11, 713

(1941).
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The reaction of certain aliphatic ethers with sul
fur trioxide has been found to result in formation of 
the corresponding dialkyl sulfate. For example, 
Suter and Evans* 60 1 report a yield of 85 to 90% of bis- 
(2-chloroethyl) sulfate from bis(2-chloroethyl) ether 
and sulfur trioxide. They describe the reaction as 
proceeding through the formation of the ether 
coordination compound which undergoes rear
rangement to the sulfate on heating. Should it be 
possible to form the sulfur trioxide-ethylene oxide 
coordination compound, one might expect this to 
rearrange easily to the five-membercd ring com
pound, ethylene sulfate.
CH. rc H . 1
j \ \

O +  SO, — s- O : SO,
/ /

CH. |_CH. J
CH.
I \
I ()
: \ so2 (I)

/
o

/
CH,

Ethylene oxide was treated with sulfur tri
oxide under a variety of conditions in an attempt 
to prepare ethylene sulfate. The only reaction sys
tem which did not result in excessive charring in
volved the use of 1,4-dioxane-sulfur trioxide addi
tion compound in 1,4-dioxane. When one mole of 
ethylene oxide was treated with one mole of 
sulfur trioxide in 1,4-dioxane, a homogeneous solu
tion was obtained which when mixed with cold 
water gave no acid. Removal of the solvent in 
vacuo gave a slightly colored, very viscous liquid. 
All attempts to crystallize this material failed. 
However, a 9.5% yield of the expected white 
crystalline ethylene sulfate could be sublimed 
in vacuo from the viscous liquid. On continued 
heating the heavy viscous liquid decomposed.

EXPERIMENTAL

To 200 ml. of dry redistilled 1,4-dioxane was added drop- 
wise with cooling and stirring 19.3 g. (0.242 mole) of sulfur 
trioxide. By careful control of the temperature (ca. 10°) 
and rate of addition the sulfur trioxide could be added with
out charring. During addition the dioxane-sulfur trioxide 
addition compound piecipitated from solution. After addi
tion of sulfur trioxide was complete, ethylene oxide was 
passed slowly through the mixture which was stirred and 
cooled. When 0.25 mole of ethylene oxide had been added, 
the dioxane-sulfur t.rioxide addition compound had com

(1) C. M. Suter and P. B. Evans, J. Am. Chem. Soc.,
60, 530 (1938).

pletely dissolved. The final volume of the reaction mixture 
was 210 ml.

A 5-ml. aliquot of this solution was added to about 50 
ml. of water at room temperature and shaken vigorously. 
An oily layer separated from solution. This mixture «as 
neutralized with less than 1 ml. of 0.100A’ sodium hydroxide 
solution.

The dioxane solution (50 ml.) was distilled under vacuum 
(2 mm.) until a pot temperature of 50° was reached. The 
residue (10.5 g.) was a dark viscous liquid. This material 
(1.09 g.) was heated to 70-80° in a micro sublimation ap
paratus at 2 mm. There was obtained 110 mg. (9.5%) of 
white crystalline ethylene sulfate, m.p. 96-97° (lit.,2 m.p. 
99°).

Anal. Calcd. for C2II4O4S: C, 19.35; H, 3.25. Found: C, 
19.86; H, 3.36.
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Strong evidence has been obtained that in the 
series R-S-R', R-SO-R', R-SfbE' (R = w-C12H25, 
R ' = CH3 or C2H5) the sulfoxide is considerably 
more basic toward the Lewis acid boron trifluoride 
than either the sulfide or sulfone. Each formed a 1:1 
complex on passing boron trifluoride into a cold ben
zene solution, as indicated by abrupt saturation of 
the solution when close to one molar equivalent had 
been added. The benzene was then evaporated at 
aspirator pressure at or below room temperature. 
Only the sulfoxide formed a vacuum-stable com
plex. The starting sulfide and sulfone were recov
ered in the other two cases. Thus the dissocia
tion of the sulfoxide complex must be much lower 
than that of the sulfide and sulfone complexes, 
i.e., the sulfoxide is the strongest base towards 
boron trifluoridc.

The order of basicity in this series toward boron 
trifluoride and toward protons will not necessarily 
correspond, especially if steric factors are involved.1 
However, Wimer2 has obtained results from non- 
aqueous titrations which indicate that the order is 
the same. His data, combined with the known pKA 
of protonated pnosphine oxides (R3POH+),3 would

(1) E. A. Braude and F. C. Nachod, Determijiation of Or
ganic Structures by Physical Methods, Academic Press, Inc.,
N. Y., (1955), pp. 634ff.

(2) D. C. Wimer, Anal. Chem. 30, 2060 (1958).
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suggest that the pKA of R2SOH+ is probably 
slightly less than zero.4

The order of basicity in this series has a bearing 
on the structure of the sulfoxide complex. In the 
sulfide and sulfone complexes the acceptor atom 
(proton or boron trifluoride) is unambiguously on 
sulfur or on oxygen respectively (I and II), whereas 
it could be on either atom in the sulfcxide complex 
(Ilia or Illb).

R' R' OX R' R' X
\ + \ +/ V V /S—X S s - o x s
/ / \ / /  %R R O R R O

I II
(X = -I I

Ilia
or-BFr)

Illb

However, a, consistent picture of the observed
trend in basicity is obtained only if the acceptor 
atom is assumed to reside on oxygen in the sulfoxide 
(Ilia). If it were on sulfur, the sulfoxide should be 
less basic than either the sulfide or sulfone.6 In 
agreement with the inference above concerning the 
structure of the sulfoxide-acid complexes it has re
cently been demonstrated that the oxygen in dial
kyl sulfoxides is more nucleophilic than the sulfur.6

It was observed that the hydrolysis of ethyl-n- 
dodec.yl sulfoxide-boron trifluoride in water is read
ily reversible. If the complex is placed in water, a 
turbid suspension with a very low pH (1.6) is ob
tained. If this is extracted with chloroform, sulfox
ide is recovered.7 If the solution is freeze-dried, it 
is principally the complex that is recovered, as indi
cated by the infrared spectrum. These observa
tions may be accounted for by the following equi
librium :

RSO-BFa +  H,0 R—SO +  H+ +  HOBF3

(3) P. Nvlen, Z. Anorg. allgem. Cliein., 246, 227 (1941).
(4) F. G. Bordweli and P. J. Bolt tan [/. Am. Chem. Soc. 

79, 717 (1957)] have obtained evidence that sulfoxides are 
largely protonated by ca. 1.5% trifluoroacetic acid in acetic 
acid.

(5) The sulfur atom in the sulfoxide is electron deficient 
compared to the sulfide sulfur because of the highly polar 
S—0 bond, whose bond moment (ca. 2.8 D) is directed to
wards oxygen. Therefore the sulfoxide should be less basic 
than the sulfide if the acceptor were on sulfur in the sul
foxide. Similarly, in comparing a sulfoxide complex with 
the acceptor on the electron deficient sulfur and the sulfone 
complex with the acceptor on an electron rich oxygen, one 
would expect from electrical considerations that the latter 
would be the stronger complex, i.e., the sulfone would be the 
stronger base. The second predicted relationship is probably 
not so well founded as the first, because in the first the donor 
atom is sulfur in both cases, while in the second it is sulfur 
in one case and oxygen in the other. This does not alter, 
however, the electrical status of the atoms in being electron 
deficient or abundant, and this is assumed to play the major 
role.

(6) S. G. Smith and S. Winstein, Tetrahedron 3, 317
(1958); R. Kuhn and H. Trischmann, Ann. 511, 117 (1958).

(7) This observation, incidentally, provides evidence 
that the complex formation is a simple Lewis acid-base 
interaction.

As this sulfoxide is insoluble in water, the equi
librium is probably driven far to the right (as indi
cated by the low pH) and the sulfoxide may be read
ily extracted. However, the removal of water by 
freeze-drying apparently shifts the equilibrium to 
the left. Hydroxyfluoboric acid, the postulated 
acidic product, is known to be a strong acid.8

EXPERIMENTAL

Preparation of compounds. Methyl- and ethyl-n-dodecyl 
sulfide were prepared by the method of Ivuhn and Dann9 
from the lower alkyl mercaptan and dodecyl bromide.

The sulfoxides were prepared by nitric acid oxidation of 
the sulfide.10 M ethyl-n-dodecyl sulfoxide was found to melt 
at 59-61°.

Anal. Calcd. for Ci3H2gSO: S, 13.8. Found: 8, 13.7.
Ethyl-n-dodecyl sulfoxide was found to melt at 52-52.5°.
Anal. Calcd. for ChHjoSO: S, 13.0. Found: S, 12.9.
The principal infrared band of these sulfoxides is at 9.9m- 

The very intense sulfone bands at 7.9 and 9.0m were absent. 
The infrared spectra were taken on mulls.

Methyl-n-dodecyl sulfone was prepared by heating the sul
fide with a 50% excess of 10% hydrogen peroxide in aqueous 
acetic acid (prepared from 60% hydrogen peroxide and gla
cial acetic acid) on the steam bath for 1 hr., diluting with 
several volumes of water, filtering, and drying. The com
pound was found to melt at 80-82°.

Anal. Calcd. for Ci3H2sS02: S, 12.9. Found: S, 12.7. The 
compound was transparent in the infrared at 9.9m, indi
cating the absence of sulfoxide.

Reactions with boron trifluoride. Methyl-n-dodecyl sulfone 
(0.036 mole) was dissolved in 250 ml. of benzene in a 500 
ml. 3-neck flask fitted with gas addition tube, stirrer, 
thermometer, and a drying tube on the open neck. Boron 
trifluoride was passed into the solution at 10-15°; when
0.043 mole (1.2 moles/mole of sulfone) had passed in, boron 
trifluoride fumes abruptly commenced emerging from the 
drying tube. When the amount used was corrected for the 
amount necessary to displace the air in the flask, the amount 
absorbed was one mole/mole sulfone within weighing error. 
When this solution xvas evaporated to dryness at room tem
perature and slightly below in a rotating Rinco evaporator 
at aspirator pressure, a crystalline solid was obtained which 
was shown by infrared to be essentially pure recovered 
sulfone.

Methyl-n-dodecyl sulfide behaved exactly like the sulfone. 
One mole of boron trifluoride was absorbed and the sulfide 
was recovered on evaporation of solvent.

Ethyl-re-dodecyl sulfoxide11 also absorbed one mole of 
boron trifluoride. The residue, after evaporation of benzene, 
was semisolid at room temperature. It had two very broad 
infrared bands at 8.6-9m and 11.3-11.6m- Similar bands are 
found in dimethyldodecylamine-boron trifluoride (prepared 
in the same way as the sulfoxide complex) at 8.7 and 10.8- 
11.0 m .

Anal, of the sulfoxide complex: Calcd. for CnH3f,SOBF3: 
S, 11.2; B, 3.45. Found: S, 10.3;12 B, 3.5.

When the sulfoxide complex was mixed with water, the 
turbid solution extracted with chloroform, and the chloro
form evaporated after drying over calcium sulfate, crj'stal-

(8) C. A. Wamser, J. Am. Chem. Soc. 70, 1209 (1948).
(9) R. Kuhn and O. Dann, Her. 73B, 1092 (1940).
(10) I. D. Webb, U. S. Patent 2,787,595, April 2, 1957.
(11) Methyl-n-dodecyl sulfoxide behaved similarly but 

was not so extensively investigated.
(12) The compound exploded when mixed with sodium 

peroxide in the standard Rarr-bomb analysis for sulfur. 
A successftd analysis, although somewhat low, was obtained 
by enclosing the sample in a gelatin capside before carrying 
out the oxidation.
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line sulfoxide was recovered. Freeze-drying the turbid sus
pension re-formed the complex largely, as indicated by infra
red spectra. A suspension of 0.5 g. of complex in 50 ml. of 
distilled water had a pH of 1.6.

M i a m i  V a l l e y  L a b o r a t o r i e s

T h e  P r o c t e r  &  G a m b l e  C o .
C i n c i n n a t i  39. O h i o

D eriv a tiv es  o f  S u lfe n ic  A cids. X L . P h e n y l 
M ig ra tio n  d u r in g  S u lfe n y la t io n  o f  

t r a n s -S  t i lb e n e

N o r m a n  R .  S l o b o d k i n  a n d  N o r m a n  K h a r a s c h

Received August 31, 1959

In connection with a study of the kinetics of 
addition of 2,4-dinitrobenzenesulfenyl chloride, I, 
to cis and (raws-stilbene, we encountered a migra
tion of the phenyl group in the reaction of I with 
¿rans-stilbene at elevated temperatures. To our 
knowledge, this is the first example of a phenyl 
group rearrangement during the course of addition 
of a sulfenyl halide to an olefin.

Previous studies1 have shown deviations from 
1:1 adduct formation with 2,4-dinitrobenzene
sulfenyl chloride, I, and olefins. The product of the 
reaction of 4-methoxystyrene and I were governed 
by the reaction temperature, the vinyl sulfide being 
formed at the higher temperatures,2 and olefins 
like 1,1-diphenylethylene were found also to lead 
to the vinyl sulfide.1

It has now been found that the product from the 
reaction of I with (rans-stilbene in refluxing acetic 
acid was not the 1:1 adduct, but a vinyl sulfide. 
Oxidation of the vinyl sulfide to benzophenone and 
desulfuration of the vinyl sulfide with Itaney 
nickel to 1,1-diphenylethane showed the vinyl 
sulfide to be l,l-diphenyl-(2',4'-dinitrophenylthio)- 
ethane, which is the expected product from 1,1- 
diphenylethylene assuming addition of ArS+ and 
subsequent loss of a proton; Ar = 2,4-dinitro- 
phenyl. The product from 1,1-diphenylethylene 
and the rearrangement product from fraws-stilbene 
wrere shown to be identical.
C6H5 H

\ : = C  +  ArSCl ■

Cells'7  \ l  1
C6H5 SAr

\ +  IC—C—H
/  I

CeHs H

C6H6 SArw
/  \  

Cell,. II
II

(1) N. Kharasch, J. Chem. Ed., 33, 585 (1956); Cf. also, 
R. B. Langford and D. D. Lawson, J. Chem. Ed., 34, 510
(1957) and N. Kharasch, Organic Sulfur Compounds, Vol. I, 
Pergamon Press, New York-London. (In press).

(2) W. L. Orr and N. Kharasch, J. Am. Chem. Soc., 78,
1201(1956).

The following sequence is suggested to explain 
the rearrangement with irans-stilbene, involving a 
cyclic episulfonium ion, subsequent participation 
by phenyl, followed by loss of a proton.

C6H6 H
\  /  A rS +c = c  — >-
/  \

H C6H5

Ar

H C6II6

CäHä
\

SAr

C+—C

C6H5 Celle 
/  + \

H

C-
/

H
/ \ / \
H Cell., H SAr

CeHf, H CeH5 SAr

\
H

Since acetolysis of the 1:1 adducts of I and ole
fins have been postulated to proceed through a 
sulfonium ion ivith sulfur participation,3 acetolysis 
of the 1:1 adduct in acetic acid would be expected 
to yield the vinyl sulfide. Acetolysis of the 1:1 ad
duct yielded the vinyl sulfide and some /J-acetoxy 
compound while acetolysis with sodium acetate 
added yielded only the ,8-acetoxy compound. 
SN2 acetolysis conditions with sodium acetate in 
anhydrous acetone, failed to give detectable re
action. The sequence leading to the same product, 
as shown above from ¿rans-stilbene, is given below.

C6Hs H SAr CeHä +SAr II

-ells
V

SAr
/

CeHs
\

Celle
, /  + V

II
/

/  /  
H H \  —  

CeH5
/

H
I

\
SAr

CôHô
\ __

H
_ /

CeHe
\

V
II

/
/

Celle SAr Cells7
> \ --------<

H
\
SAr

Systems such as those used in this study can thus 
permit interesting comparisons of the relative 
participations by neighboring sulfur and aryl 
groups.

EXPERIMENTAL

Reaction of 2,f-dinilrobenzenesulfenyl chloride, I, with 
trans-stilbene. To a refluxing solution of dry acetic acid was

(3) A. J. Havlik and N. Kharasch, J. Am. Chem. Soc., 
78,1207(1956).
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added frans-stilbene (2.31 g., 0.0128 mol.) and 3.74 g. of I. 
The reaction mixture was refluxed 2 hr., during which time 
the solution turned dark. The reaction mixture was aspi
rated to dryness, dissolved in benzene, and chromato
graphed on a column of alumina (2.5 X 20 cm.) using a 
50% by volume mixture of benzene and mixed alkanes (b. 
range 50-60°) to elute the first fraction. Methanol was 
gradually added to elute the second fraction.

Fraction (1) gave 2.8 g., m.p. 133-134°.
Fraction (2) gave 0.7 g., m.p. 122-125°. The separations 

indicate that two distinct products are formed. Both 
products gave negative Beilstein tests, and had similar 
infrared spectra but 2 showed an absorption maximum in 
the 5.9/ii region while 1 did not.

Elemental analysis of 1 indicated that it was the vinyl 
sulfide (compound II, in text).

Anal. Calcd. for C2oII14N20 4S: C, 63.47; H, 3.73. Found 
C, 63.70;H, 3.55.

Elemental analysis of 2 indicated that it was the (9- 
acetoxy compound.

Anal. Calcd. for C22Hi8N206S: C, 60.26; H, 4.14. Found: 
C, 60.33; H, 4.01.

Reaction of 2,4-dinitrobenzenesulfenyl chloride with 1,1- 
diphenylethylene. Reaction of 5.0 g. of I and 3.3 g. of 1,1— 
diphenylethylene, in 40 ml. of dry acetic acid for 24 hr. at 
room temperature yielded crude II, which after recrystalli
zation from 95% ethanol yielded 5.5 g. of product, m.p.
134-135° (80%).

Anal. Calcd. for C20H14N2O4S: C, 63.47; H, 3.73. Found: 
C, 63.70; H, 3.55.

This product was identical with the one from irons-stilbene, 
as shown by infrared spectra and mixture melting point.

Acetolysis of the 1:1 adduct in refluxing acetic acid. To a 
refluxing solution of dry acetic acid was added 2.1 g. of 1:1 
adduct. The reaction mixture was refluxed 4 hr. Employing 
a similar chromatographic procedure as above, it was 
found that the 1:1 adduct was converted into 70% vinyl 
sulfide, II, and 10% of the acetoxy compound of fraction 2. 
A 10% loss in work-up was sustained.

Acetolysis of the 1:1 adduct with sodium acetate and acetic 
acid. To a refluxing solution of dry acetic acid was added 
5.0 g. of anhydrous sodium acetate and 1.6 g. of 1:1 adduct. 
The reaction mixture was refluxed 4 hr. The yellow reaction 
mixture was aspirated nearly to dryness and poured onto 
ice. The yellow material was collected and recrystallized 
from methanol. The product melted at 125-126°; yield,
l. 4 g-; 89%.

Desulfuration and reduction of the vinyl sidfide with Raney 
nickel. A solution of 4.0 g. (0.011 mol.) of the vinyl sulfide 
was dissolved in 50 ml. of absolute ethanol containing 15 g. 
of Raney nickel. The solution was refluxed 2 hr. on the 
steam bath. About 5 g. more of catalyst was added, and re
fluxing continued an additional hour. The mixture was fil
tered through diatomaceous earth, and the catalyst washed 
with two 15-ml. portions of absolute ethanol. The wash
ings were added to the filtrate, which was then concentrated 
in an air stream to dryness. The dark oil was distilled under 
reduced pressure yielding a colorless oil, b.p. 110°/2 mm.,
m. p. - 8 °  (1.0 g„ 57%).

Oxidation of the vinyl sulfide. The vinyl sulfide (4.0 g., 
0.011 mol.) was added to an aqueous solution of potassium 
dichromate. Concentrated sulfuric acid was added to the 
solution. An hour later, the solution was poured onto ice. 
The white crystals were collected and reprecipitated from 
95% ethanol with ice to give 1.6 g. of product, m.p. 47-48° 
(84%). This product was shown to be benzophenone by 
infrared spectra and mixture melting point.

D e p a r t m e n t  o f  C h e m i s t r y

U n i v e r s i t y  o f  S o u t h e r n  C a l i f o r n i a

U n i v e r s i t y  B a r k

Los A n g e l e s  7,  C a l i f .

Organic Disulfides and Related Substances.
II. 2,4,6-Triisopropylphenyl Disulfide, the

2,4,5-Isomer, and Related Compounds1

D. E. Pearson, Drury Caine, and Lamar F ield

Received December 7, 1959

The first disulfide named in the title is new, the 
second has been mistaken for the first, and in our 
opinion, the disulfides and related compounds de
serve further study and comment.

Triisopropylbenzene made from propylene and 
benzene with sulfuric acid as a catalyst has been 
shown to consist mainly of the 1,2,4-isomer. 2 

Evidently, Costanza and co-workers3 believed that 
the commercial mixture was mainly the symmetri
cal 1,3,5-isomer for the properties of their sulfonyl 
chloride and disulfide made from the hydrocarbon, 
reported as the 2,4,6-isomers, agreed well with the 
physical properties of our 2,4,5-isomers. Our con
fidence in the correctness of the structures given 
here is based on three facts: (1) The equilibration of 
a trialkylbenzene with large amounts of aluminum 
chloride (which provided our 1,3,5-triisopropyl
benzene) gives predominantly the symmetrical
1,3,5-isomer, as this isomer is the strongest Lewis 
base and forms the most stable Lewis salt. 2-4-5 (2) 
The hydrocarbon obtained from the equilibration 
in this work differed considerably in physical 
properties from the original hydrocarbon. And 
both hydrocarbons gave derivatives which had 
sharp melting ranges and were distinctly different 
from each other. (3) 2,4,5-Triisopropylbenzene- 
sulfonyl chloride (I) and its 2,4,6-isomer (II) were 
made by the method of Newton and agreed well in 
physical properties and derivative formation with 
his descriptions. 6

The study of models of 2,4,6-triisopropylbenzene- 
sulfonyl chloride (II) suggested that the chloro- 
sulfonyl group would be tilted out of the ring plane 
so that the rear of the group would be more ex
posed to the attack of a nucleophilic reagent than 
that of the 2,4,5-isomer which is in the plane of the 
ring and is hindered by a ring substituent. The 
solvolysis of such sulfonyl chlorides has been shown

8G 7

(1) Supported in part by funds provided by the Office 
of Ordnance Research, U. S. Army. Abstracted from the 
M.S. thesis of D.C., Vanderbilt University, January, 1956. 
Paper I. L. Field and J. E. Lawson, J. Am. Chem. Soc., 80, 
838(1958).

(2) A. Newton, J. Am. Chem. Soc., 65, 320 (1943).
(3) A. J. Costanza, R. J. Coleman, R. M. Pierson, C. S. 

Marvel, and Charles King, J. Pol. Sci., 17, 319 (1955).
(4) J. P. Wibaut and B. Paulis, Rec. trav. chim., 77, 769

(1958).
(5) For references bearing on the general problem. D. A. 

McCaulay and A. P. Lien, J. Am. Chem. Soc., 74, 6246
(1952); 77, 1803 (1955); 79, 5953 (1957); H. C. Brown, B. A. 
Bolto, and F. R. Jensen, J. Org. Chem., 23, 417 (1958).

(6) A Newton, J. Am. Chem. Soc., 65, 2439 (1943).
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to proceed by a concerted (SN-2) mechanism.7 8 If 
one assumes that the steric inhibition of resonance 
of a sulfur atom with the benzene ring is a negli
gible influence3 and that the attack of water is 
made on the sulfur atom on the side opposite to the 
chlorine atom, one would predict a faster rate of 
hydrolysis for the 2,4,6-isomer than for the 2,4,5- 
isomer. The results in the Experimental show that 
the 2,4,6-isomer does hydrolyze almost twice as 
rapidly as the 2,4,5-isomer.

The sulfonyl chlorides were reduced to the thiols 
by lithium aluminum hydride and the latter re
oxidized without isolation to the disulfides. We were 
expecting that 2,4,6-triisopropylphenyl disulfide in 
comparison with phenyl disulfide would show a 
substantial difference in ease of formation from the 
thiol or in ultraviolet absorption properties. 
Neither expectation was realized. Both the 2,4,5- 
and 2,4,6-disulfides formed with ease, and the ab
sorption spectra, given in the Experimental, 
showed differences that could be attributed merely 
to inductive properties of alkyl groups alone. 
Apparently, groups larger than an isopropyl or 
phenyl9 are necessary to prevent or hinder disulfide 
formation.

EXPERIMENTAL10

1.2.4- Triisopropylbenzene. Triisopropylbenzene (Distilla
tion Products Industries, Technical) was separated by very 
slow distillation through a 10-in. carborundum-packed 
column. The middle fractions of constant refractive index 
were taken as the desired compound, b.p. 238-240° (754 
mm.), rifi 1.4915, reported11 b.p. 240-242° at 753 mm., 
n2D° 1.4924.

1.3.5- Triisopropylbenzene. 1,2,4-Triisopropylbenzene (ra2D° 
1.4915) was isomerized to the 1,3,5 isomer by the method 
of Newton2 and others.4 The first isomerization with anhy
drous aluminum chloride appeared to be incomplete as 
judged from refractive indices of the distillate. The distillate 
therefore was subjected to a second isomerization with 
aluminum chloride. The 1,3,5-triisopropylbenzene fraction 
obtained by isolation and distillation had b.p. 228-230° 
(754 mm.) and a constant refractive index, n\° 1.4884, 
reported4 n2p° 1.4882.

2.4.5- Triisopropylbenzenesulfonyl chloride. (I). This com
pound, made by the method of Newton,6 was less pure 
(m.p. 137-140°) than that of Newton, m.p. 141.5-142.2°. 
Derivatives of I, however, checked well with the literature6: 
sulfonamide m.p. 155-156°, sulfonanilide m.p. 187-188°. 
Recrystallization of I from isooctane proved wasteful, but 
small portions could be purified by partial hydrolysis. I 
(6 g.) was dissolved in 100 ml. of 80% aqueous acetone, 
and the solution held at 50° for 1 hr., diluted with water 
to the point of cloudiness, and cooled. After filtration, dry

(7) E. Tommila and P. Hirsjarvi, Acta Chem. Scand., 5, 
659 (1951); H. K. Hall, Jr., ./. Am. Chem. Soc., 78, 1450 
(1956).

(8) E. A. Fehnel and M. Carmack, J. Am. Chem. Soc., 
72, 1292(1950).

(9) K. Dimroth and G. Oosterloo, Angew. Chem., 70, 
165(1958).

(10) All melting points are corrected and boiling points 
uncorrected. Analyses were by Micro-Tech Analytical Lab
oratories, Skokie, 111.

(11) G. Egloff, Physical Constants of Hydrocarbons, Rein
hold Publishing Corp., New York, Vol. I ll, p. 167 (1946).

ing, and recrystallization from isooctane, 3.5 g. of I was 
obtained, m.p. 141-141.8°.

2,4,6-Triisopropylbenze.nesulfonyl chloride (II). This com
pound, made by the method of Newton,6 melted at 95-97°, 
reported6 m.p. 97.2-98.4°. Derivatives checked well with 
the literature:6 sulfonamide m.p. 118.5-119.5°; sulfonanilide 
m.p. 163-164°. Partial Iwdrolysis of 6 g. of II (as with I) 
gave 2.8 g. of pure II, m.p. 96.8-97.5°.

2.4.5- Trnsopropylphenyl disulfide (III) and the 2,4,6-isomer
(IV). Compound I (18 g., 0.06 mole) was dissolved in 180 
ml. of absolute ether contained in a 3-necked flask fitted 
with condenser, stirrer, and dropping funnel and protected 
from moisture by calcium chloride tubes. Lithium aluminum 
hydride (5.3 g., 0.14 mole) in 115 ml. of ether was added 
dropwise over a period of 25 min. to the stirred solution of 
I. The initial hydride concentration in ether was determined 
by weighing the residue from a 5-ml. aliquot. Vigorous reflux
ing and hydrogen evolution were noted during the addition. 
After a reflux period of 4 hr., 50 ml. of an equal mixture 
of benzene and ethanol was cautiously added dropwise 
to destroy excess hydride. Following this addition, about 
200 ml. of 10% aqueous sulfuric acid was added to dissolve 
the lithium salts, and 75 ml. of benzene was added to dis
solve the thiol. The benzene solution was separated from the 
aqueous acid solution and washed free of acid with aqueous 
sodium bicarbonate. For oxidation to the disulfide, 8.8 g. 
(0.07 mole) of iodine in 50 ml. of benzene was added to the 
thiol in benzene. A:'ter standing for 8 hr., during which time 
it was washed twice with water to remove hydrogen iodide, 
the mixture was washed with a 5% sodium bisulfite solution 
to destroy excess iodine, dried with sodium sulfate, and 
evaporated. A dark oil was obtained which solidified after 
immersion in Dry Ice and scratching. Recrystallization 
from 40 ml. of meriianol gave large yellow plates of III, 7 
g., 50%, m.p. 75.4-76.2°.

Anal. Calcd. for C30H«S,: C, 76.53: H, 9.85. Found: C, 
76.64; H, 9.83.

2.4.6- Triisopropylphenyl disulfide (IV). IV was made in 
the same manner as the previous disulfide except that the 
compound crystallized without cooling in Dry Ice: light 
yellow plates, 8.4 g., 60%, m.p. 91.2-92.0°. Costanza el al. 
report m.p. 79-79.5°.3

Anal. Calcd. for C3oH«S2: C, 76.53; H, 9.85. Found: C, 
76.90; H, 10.05.

Ethyl 2,4,5-lriisopropylbenzenesulfonale (V) and the 2,4,6- 
isomer (VI). By dissolving the appropriate sulfonyl chloride 
in alcohol and allowing the solution to stand at 50° over
night, the ethyl ester vuas obtained in over 70% yields. The
2,4,5-ester (V), recrystallized from hexane, melted at 99- 
100°.

Anal. Calcd. for C17H280 3S: C. 65.34; H, 9.03. Found: C, 
65.61 ;H, 9.18.

The 2,4,6-isomer, reervstallized from hexane, melted at 
58-59°.

Anal. Calcd. for C„H,s0 3S: C. 65.34; H, 9.03. Found: 
C, 64.98; H, 8.87.

Hydrolysis rales of the sulfonyl chlorides, I and II. About 
0.6 g. samples (weighed accurately) were added to 125 
ml. of 80% by volume of acetone, 20% water held at 51.8°. 
Aliquots (25 ml.) were taken at .5 hour intervals at the 
beginning and hour intervals near the end of the hydrolysis. 
The aliquots were quenched with 25 ml. of acetone cooled 
to ice temperature and titrated with standard base using a 
pH meter to detect the end-point. Duplicate runs were 
made, and the average values, as pseudo first-order rate 
constants at 51.8° in 80% aqueous acetone, are given below:

Half-life
Sulfonyl Chloride ki (min.-1) (min.)

2,4,5-Triisopropylbenzene-( I ) 2.3 X 10"3 301
2,4,6-Triisopropylb2nzene-(II) 3.9 X 10~3 178
4-Bromobenzene- 15.0 X 10“3 46
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Ultraviolet spectra of disulfides. The ultraviolet spectra 
were obtained with the Beckman Recording Spectrophotom
eter, Model DK, using isooctane as a solvent. The curves 
are recorded in a thesis,1 and the maxima: diphenvl disul
fide, 241 (4.33), [X, (log c)] in mM are: 272 (3 57), 302 (3.26); 
bis-(2,6-dimethylphenyl) disulfide, 225 (4.02), 260 (3.89), 
305 (2.78); bis-(2,4,5-triisopropylphenyl) disulfide, 244 
(4.18), 285 (3.56), 344 (284): bis-(2,4,6-triisopropylphenyl) 
disulfide, 232 ( 4.18), 270 ( 4.07), 310 (3.51). All of the disul
fides except diphenyl show a low order of absorption (log « 
ca. 0.2-0.4) at ca. 500-700 mn, which increases as the ultra
violet region is approached, and are pale yellow. The ab
sorption spectrum of diphenyl disulfide checked well with 
that recorded.12

V a n d e r b i l t  U n i v e r s i t y ,
D e p a r t m e n t  o f  C h e m i s t r y  
N a s h v i l l e  5,  T e n n .

(12) H. P. Koch, J. Chem. Soc., 397 (1949); G. Leandri 
and A. Tundo, Ann. Chini. (Rome) 4 5 , 180 (1955); [C.A. 
49 , 12,960 (1955)]; R. A. Friedel and M. Orchin, Ultraviolet 
Spectra of Aromatic Compounds, John Wiley and Sons, 
New York, 1951, p. 152.

Bis(2-aminoethyl) Dithiolcarbonate Dihydro
chloride: Intermediate in the Hydrolysis of

2-Thiazoline-2-thiol

R i c h a r d  J. G a u l 1 a n d  W i n f r i e d  J. F r e m u t h

Received November 19, 1959

The acid hydrolysis of 2-thiazoline-2-thiol (I) 
to 2-aminoethanethiol hydrochloride (II) has been 
known for some time. 2' 3 When conducted in a sealed 
container at about 150°, a four to six hour reaction 
period generally sufficed to give quantitative yields 
of II. Because we desired some 2-aminoethanethiol 
hydrochloride, we undertook a study of the hy
drolysis in refluxing, concentrated hydrochloric 
acid. At atmospheric pressure the reaction requires 
approximately two weeks for completion. Inter
mediate reaction periods produced a readily separ
able mixture of 2 -aminoethanethiol hydrochloride 
and a hitherto unreported material, compound
III. Reaction times of about twenty-four hours 
resulted in recovery of substantial amounts of 
starting material and gave good yields of com
pound III with practically no 2-aminoethanethiol 
hydrochloride. The results of several hydrolyses, as 
summarized in Table I, and the evidence which 
characterizes compound III as bis(2-aminoethylj 
dithiolcarbonate dihydrochloride are reported in 
this paper.

While the facile hydrolysis of 2-alkylthio- or
2 -arylthio-2 -t,hiazolines to the corresponding 2 -

(1) Address correspondence to Department of Chemistry, 
John Carroll University, Cleveland 18, Ohio.

(2) S. Gabriel and E. Leupold, Ber., 31, 2832 (1898).
(3) E. J. Mills and M. T. Bogert, J. Am. Chem. Soc., 62, 

1173 (1940).

TABLE I
A c id  H y d r o l y sis  P ro d u c ts  o f  2 -T iiia z o l in e -2 -t h io l

Time,
Hrs.

Yield, %
I IP III"

19.5 61.3 0.0 57.0
206 60.2 9 .9C 71.5
90 12.9 45.2 33.4

336 0.0 94.5 0.0

“ Yields are corrected for recovered I. 6 Conducted with 
a mixture of 0.5 mole each of I and II. c Yield corrected for 
original II present.

aminoalkyl dithiolcarbonate hydrochlorides4 5’ 6 

(equation 1 ) is well known, the conversion of
S SCH2C6K.,

( i f  +  H , 0  +  H C 1 ------ *
1 --N

IV
O

Cl -  +H.,NCH2CH;sl)SCH,Cr,H, (1) 
V

s s
2 f ' T  +  3 H :0  +  2 H C 1  ----- ►

1---- NH
I

(Cl-+H3NCH2CH2S)2CO +  2H2S +  C02 (2) 
III

21 +  2HsO +  2HC1 — >- III +  COS +  H2S (2a)

2 -thiazoline-2 -thiol to a similar type of com
pound (equations 2  and 2 a) has not been reported.

Compound III can be obtained either as a 
crystalline hydrate or as an anhydrous salt. It is 
quite soluble in water but is only sparingly soluble 
in ethanol and common organic solvents. Micro- 
analyses indicate an empirical formula of C5- 
HT4ON2S2CI2. Van Slyke amino nitrogen and Vol- 
hard chloride determinations further showed that 
compound III must be a dihydrochloride containing 
two primary amino groups. An equivalent weight 
of 126 (chloride content) and a neutral equivalent 
of 257 indicated that C5H14ON2S2CI2 (M.W. =  
253) was very probably the molecular formula. 
The presence of a single oxygen atom in a carbonyl 
group was inferred from analytical data and the 
presence of a strong, infrared absorption band 
at 1645 cmw 1

The chemical behavior of compound III, which 
at first may seem incongruous, can best be explained 
by its formulation as bis(2 -aminoethyl) dithiol
carbonate dihydrochloride. It is obtained in highest 
yield and free from 2 -aminoethanethiol hydrochlo
ride in the early stages of the hydrolysis. Like 
aminoethyl alkyl dithiolcarbonate hydrochlorides 
generally4 - 6  III is rather resistant to further acid

(4) J. C. Crawhall and D. F. Elliott, J. Chem. Soc., 3094 
(1952).

(5) J. M. Sprague and A. H. Land, Heterocyclic Com
pounds, R. C. Elderfield, ed., John Wiley and Sons, New 
York, N. Y., 1957, Vol. 5, p. 696.

(6) H. C. Crawhall and D. F. Elliott, J. Chem. Soc., 
2071 (1951).
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hydrolysis; however, it ultimately is converted 
quantitatively to 2 -aminoethanethiol hydrochloride. 
While a slightly acidic solution of III does not react 
with lead acetate or iodine,7 in basic solution it 
undergoes an eliminative-recvclization reaction 
peculiar only to 2 -aminoalkyl substituted dithiol- 
carbonates. t 6 This reaction is illustrated in equa
tion 3.

o

Cl -  +H3NCH!CH23CSCH,CH .NH3 + Cl - 
III

s ° -
_OH"L* I T  +  HSCH2CH2NH2 (3)

1---- N TT
VI Ila

The formation of the anion of 2-thiazolidinone (VI) 
accounts for the neutral equivalent of III and the 
elimination of aminoethanethiol (Ila) gives rise 
to the quantitative reaction with iodine and a 
positive sodium nitroprusside test, .7

Finally, authentic 2-aminoethylbenzyl dithiol- 
carbonate hydrochloride (V) was prepared and 
its infrared spectrum was compared with that of
III. The correlation of the significant bands, pre
sented in Table II, is excellent. Thus, there is little 
doubt that this new compound isolated from the 
acid hydrolysis of 2 -thiazoline-2 -tniol is bis(2 - 
aminoethyl) dithiolcarbonate dihydrochloride (III).

TABLE II
Infrared Comparison of Compounds III and V

III
Bands
(cm.-1)

V
Bands 
(cm.-1) Assignment

3360 OH stretch, present only in 
hydrate

1735 1740 Overtones of 875 and 885 
bands respectively

1645 1655 C = 0  stretch
1600 1585 NH bending in NH3 +
1525 1525
875 8S5 S—C—S antisymmetric 

stretch

The isolation of III would seem to indicate that 
the hydrolysis of 2 -thiazoline-2 -thiol is consider
ably more complex than might be anticipated. The 
resistance of III to further acid hydrolysis may also 
be the reason for the over-all sluggishness of the 
reaction. The formation of bis(2-aminoethyll 
dithiolcarbonate dihydrochloride in this reaction 
apparently requires more than one molecule of 2 - 
thiazoline-2 -thiol and raises interesting questions 
regarding the mechanistic path of the process. 
In the absence of a detailed kinetic examination of 
this reaction, we are not prepared to speculate fur
ther on the probable mechanism for the acid hy- * 1947

(7) N. D. Cheronis and J. B. Entricken, Semimicro 
Qualitative Organic Analysis, T. V. Crowd Co., N. Y.,
1947, pp. 140-141.

drolysis of 2 -thiazoline-2 -thiol to bis(2 -amino- 
ethyl) dithiolcarbonate dihydrochloride and 2 - 
aminoethanethiol hydrochloride.

EXPERIMENTAL

Bis{2-aminoethyl) dithiolcarbonate dihydrochloride (III). A 
mixture of 119 g. (1.0 mole) of 2-thiazoline-2-thiol and 250
ml. of cone, hydrochloric acid was heated under reflux 
(115°) for 90 hr. The resulting solution, upon prolonged 
chilling, deposited 15.4 g. (12.9%) of starting material 
which was removed by vacuum filtration and washed with 
a small portion of ice-cold water. The filtrate and washings 
were combined and vacuum concentrated (ca. 90° and 20
mm. ) to a pale yellow syrup. This was treated successively 
with 200 ml. of 1:1 ethanol-benzene, and two 100-ml. por
tions of ethanol with vacuum concentration after each treat
ment. The resulting solid was suspended in 100 ml. of hot 
absolute ethanol and filtered. The filter cake was washed 
with a total of 250 ml. of absolute ethanol and dried to give
36.8 g. (33.4% corrected for recovered I) of bis(2-amino- 
ethyl) dithiolcarbonate dihydrochloride, m.p. 198.7-199.9° 
with gas evolution.

Vacuum concentration of the combined filtrate and 
ethanol wash liquor produced a yellow syrup. This was dis
solved in 50 ml. of boiling, absolute ethanol, brought to the 
cloud-point with anhydrous ether and stored at 5° over 
night. The resulting, slightly yellow crystalline solid was 
removed by vacuum filtration, washed with two 100-ml. 
portions of anhydrous ether, and dried in a desiccator to 
give 44.7 g. (45.2% corrected for recovered I) of impure
2-aminoethanethiol hydrochloride, m.p. 65.4-67.4° (lit.*
m.p. 70.2-70.9°).

A representative analytical sample of III was obtained 
by dissolving the product obtained in the 19.5 hr. reaction 
(c/. Table I), m.p. 204.6-205.6° with gas evolution, in a 
minimum of hot water, filtering, and diluting with ap
proximately 10 volumes of 95% ethanol. After storage at 
5°, the solution deposited a nicely crystalline hydrate (infra
red band at 3360 cm.-1) which, upon drying at 100° and 
0.2 mm. for 24 hr., gave the anhydrous salt (no band at 
3360 cm.-1). Both forms melted at 204r-205.2° with gas 
evolution.

Anal. Calcd. for CJ1110N2R2C1,: C, 23.72; H, 5.57; N,
11.06; S, 25.32; Cl, 28.00. Found: C. 23.94, 23.69; H, 5.28, 
5.54; N, 11.09, 11.40 (Kjeldahl), 14.55, 14.62 (Van Slyke); 
S, 24.68, 24.97; Cl, 28.02, 28.94 (Carius), 27.68 (Volhard).

Neutral equivalent of III. A solution of 0.4658 g. of III 
was made basic by the addition of 45.0 ml. of O.IOOIV 
sodium hydroxide. After a brief storage period, the solution 
was back-titrated with 0.100A7 hydrochloric acid. A total of
26.9 ml. of acid was required to reach the break in the pH 
titration curve. This corresponds to an initial consumption 
of 18.1 ml. of base or a neutral equivalent of 257 (C6Hh- 
O N ^C h = 253).

Titration with standard iodine solution. Bis(2-aminoethyl) 
dithiolcarbonate dinydrochloride (5.06 g.) was suspended 
in 150 ml. of 95% ethanol. The suspension w'as made basic 
by the addition of 80 ml. of LV sodium hydroxide, then 
made up to 250 ml. with ethanol. After storage for 3 hr. at 
25°, a 10 ml. aliquot was withdrawn and acidified with 3.3 
ml. of 0.100.V hydre chloric acid. This sample consumed 7.76 
ml. of 0.0985.V iodine solution which corresponds to the 
liberation of 95.6% of the theoretical amount of amino- 
ethanethiol based on equation 3.

Attempted hydrolysis of III. A solution of 10.0 g. of III 
in 50 ml. of cone, hydrochloric acid was heated under reflux 
for 46 hr. The resulting solution wras vacuum concentrated 
(90° and 20 mm.) to a yellow solid. This was treated suc
cessively with 100 ml. of 1:1 ethanol-benzene and 50 ml. of 
ethanol with vacuum concentration after each treatment. 
The resulting solid was suspended in 150 ml. of boiling eth
anol and vacuum filtered. The filter cake was washed with
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several portions of ethanol, then ether, and dried to give
5.8 g. (58%) of recovered III, m.p. 201.9-203° with gas 
evolution. Additional small quantities of III separated from 
the mother liquor; however, no crystalline 2-aminoethane- 
thiol hydrochloride was isolated.

2-Aminoethylbenzyl dithiocarbonate hydrochloride (V). A 
solution of 2-benzylthio-2-thiazoline1 2 3 4 5 6 7 8 (41.9 g., 0.2 mole) in 
500 ml. of 6Ar hydrochloric acid was heated under reflux for 
2 hr. After storage at 0° for 1 hr., the crystalline product 
was removed by suction filtration and dried in a vacuum 
desiccator. The yield of V, m.p. 172.2-175.2° (lit.,4 m.p. 
175°), was 43.G g. (82.8%). A sample recrystallized from hot 
glacial acetic acid melted at 177.9-178.7°.

Acknowledgment. The authors wish to express 
their thanks to Mr. Norman Colthup for assistance 
in interpreting the infrared data and to Dr. Julius 
Kuck and the staff of the Microanalytical Labora
tory for the microanalyses.

(8) A. H. Goddin, U. S. Patent 2,516,313.

Absorption Spectra of the 4-Dimethylamino 
Derivatives of Azobenzene and Stilbene

G. E . L ew is

Received October 26, 1050

In neutral solution 4-dimethylaminoazobenzene 
displays a strong absorption band at 420 mp 
which in acidic solution is replaced by one band at 
520 m/i and another at 320 mp. 1 Absorption in the 
520 mp region has been associated with the azo- 
nium cation (la) to which can be attributed a high 
degree of stabilization by charge-resonance2 while 
the 320 myu peak is considered to be due to the am
monium cation (lb) essentially because azobenzene 
in neutral solution also absorbs strongly at 320 
m / i.1-3

Further, it has been postulated1' 3 that both cat
ions exist together in solution as a tautomeric 
equilibrium mixture (Ia^Ib); support for these 
interpretations has come from several sources. 4' 6’6

Klotz, Fiess, Chen Ho, and Mellody,7 however, 
have questioned the validity of attributing the

(1) G. M. Badger, R. G. Buttery, and G. E. Lewis, 
J. Chem. Soc., 1888 (1954).

(2) C. R. Bury, J. Am. Chem. Soc., 57, 2115 (1935).
(3) A. Hantzsch and A. Burawoy, Ber., 63, 1760 (1930).
(4) G. Cilento, E. C. Miller, and J. A. Miller, J. Am. 

Chem. Soc., 78, 1718 (1956).
(5) E. Sawicki, J. Org. Chem., 21, 605 (1956).
(6) H. H. Jaffe and Si-Jung Yeh, J. Org. Chem., 22, 1281 

(1957).
(7) I. M. Klotz, H. A. Fiess, J. Y. Chen Ho, and M. Mel

lody, J. Am. Chem. Soc., 76, 5136 (1954).

Fig. 1. Absorption spectra: Stilbene in neutral aqueous-
ethanol (----- ); 4-Dimethylaminostilbene in neutral
(----- ) and aciiic (2N  sulfuric acid) aqueous-ethanol
(-------)

absorption at 520 mp to the ion (la) and have at
tempted to reconcile addition of a proton solely at 
the dimethylamino- group (lb) with an absorption 
shift to longer wave lengths. Criticisms of this view 
have already been raised by some authors. 4' 8' 9

In an attempt to bring fresh evidence to bear on 
this question the ultraviolet absorption spectrum of
4-dimethylaminostilbene (II) has been examined 
in 50% aqueous-ethanol under acidic (2N  sulfuric 
acid) and neutral conditions and the separate 
curves have been compared with that of stilbene 
in neutral solution. (See Fig. 1 .) 4-Dimethylamino- 
stilbene is isosteric with 4-dimethylaminoazo-

CH =  CH— — NMe,
II

benzene but unlike the azo-compound possesses 
only one basic center and should therefore add a 
proton only at the dimethylamino- group.

The spectrum of 4-dimethylaminostilbene, as 
shown, in acidic solution is very nearly identical 
with that of stilbene in neutral solution and defi
nitely reveals no absorption at wave lengths higher 
than the main band of the parent free base. These 
observations fail to lend support to the spectral 
interpretations suggested by Klotz et aid On the 
other hand the assignment of the 320 mp band, 
shown by 4-dimethylaminoazobenzene in acidic 
solution, to the ammonium cation (lb) is clearly 
reinforced.

EXPERIMENTAL

Absorption spectra. A Hilger Uvispek Spectrophotometer 
was used to determine the spectra. The appropriate solvent

(8) E. Sawicki, J. Org. Chem., 22, 365 (1957).
(9) I. N. Zhmurova, J. Gen. Chem. (U.S.S.R.), 27, 2745

(1957).
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in each case was prepared from equal volumes of absolute 
ethanol and either distilled water or 4.Y sulfuric acid. Im
mediately prior to use the samples of stilbene and 4-di- 
methjdaminostilbene were purified by chromatography on 
alumina followed by recrystallization from ethanol thereby, 
ensuring that any traces of the cis isomers were removed.

Department of Organic Chemistry 
University of Adelaide 
South Australia, Australia

Liquid Scintillators. XII. Absorption and 
Fluorescence Spectra of 2,5-Diaryl-l,3,4- 

oxadiazoles1

Donald G. Ott, Vernon N. Kerr, F. Newton Hayes 
and Elizabeth Hansbury

Received November 6, 1959

The importance of spectral properties of scintil
lators lias been outlined,2’3 at which time the ab-

(1) Work performed under the auspices of the U. S. Atomic 
Energy Commission.

(2) D. G. Ott, F. N. Hayes, E. Hansbury, and V. N. 
Kerr, J. Am. Chem. Soc., 79, 5448 (1957).

sorption and emission spectra of a variety of aryl- 
substituted oxazoles were reported. Similar data 
have been obtained for another important class of 
liquid scintillator solutes, the 1,3,4-oxadizaoles. 
The synthesis4 of these compounds and evaluation 
as liquid scintillator solutes5 have been reported 
previously. Two new pyridyl derivatives are de
scribed in the Experimental.

The absorption and fluorescence data are pre
sented in Table I; the mean wave length, X, is 
that wave length which bisects the area under the 
fluorescence spectrum.

The effect of an oxadiazole nucleus on the spec
trum of an aromatic system is very similar to that 
of a p-phenylene group. p-Terphenyl (Xmnx 280, 
e 2.5 X 104), p-quaterphenyl (Xni„ 300, e 3.9 X 
104), and p-quinquephenyl (Xm„ 310, t 6.3 X 104)6 
may be compared with the five analogous oxadi- 
azoles having the equivalent number of rings. 3 4 5 6

(3) R. K. Swank, W. L. Buck, F. N. Hayes, and D. G. 
Ott, Rev. Sci. Instr., 29, 279 (1958).

(4) F. N. Hayes, B. S. Rogers, and D. G. Ott, J. Am. 
Chem. Soc., 77, 1850 (1955).

(5) F. N. Hayes, D. G. Ott, and V. N. Kerr, Nucleonics, 
13, No. 12, 38 (1955).

(6) A. E. Gillam and D. H. Hey, J. Chem. Soc., 1939, 
1170.

TABLE I
Absorption and Fluorescence Spectral Data“

N — N
A r-A  o  Ji—Ar '

Absorption
e X Fluorescence

Ar Ar' 10 ~4 /vmaxi Amnx2 X

c 6h s CoHs 282 2.6 336 350 360
CoHü 4-C6HsC0H4 300s 4.5 364 380 388
C.Hr, 1-C,oH7 313 1.8 372 392 392
C„Hr, 2-C.oH, 310 2.7 364 — 380
Cells 2-Furyl 292 3.3 364 — 372
Colls 2-Thienyl 298 2.4 373 — 388
Colls 3-Pvridyl 285 2.3 355 — 362
Colls 4-Pvridvl 284 2.5 335 353 360
p-CHiOCoH: 4-CoHsCoH4 308 4.0 372 390 394
p-CHsOCoH, I-C10H7 317 2.3 380 396 402
p-CHsOCoH, 2-GoH, 308 3.2 366 382 386
p-CHsCoH, P-CH3C0H4 289 3.1 342 354 366
p-CHsOCoH, p-CH3OC6H4 301 3.3 356 370 380
p-FCoIL P-FCoII, 283 2.4 335 350 358
P-C1C6H4 P-C1C6U, 294 3.2 344 362 370
p-BrCoH, P-BrCoH, 297 3.6 347 360 374
P-IC0H4 p-ICoHi 303 3.7 344 — 382
4-CoHsC6H4 4-CoH5CoH4 313s 6.1 378 396 396
CoHsCH=CH C«HsCH =C H 331 3.6 406 422 442
2-Furyl 2-Furyl 297 2.6 355 370 378
2-Thienyl 2-Thienvl 313 2.4 377 390 420
I-C10H7 I-C10H7 335 2.3 392 408 412
2-C,oH, 2-C10H7 332 3.3 370 388 388
5,5-Diphenyl-2,2'-bi-

1,3,4-oxadiazole
298s 4.0 354 370 378

2,2'-p-PhenyIenebis(5-phenyl-
1,3,4-oxadiazole)

315c 4.8 373 390 392

“ Wave lengths are in mu; the solvent was cyclohexane for absorption and toluene for fluorescence unless otherwise indi
cated. s Solvent was 2% chloroform in cyclohexane. c Solvent was chloroform; a band at 325 mu, t 4.8 X 104, is also present.
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Fluorescence and absorption maxima of the oxadi- 
azoles occur at shorter wave lengths than for the 
corresponding oxazoles. Substituent groups in
fluence the maxima in essentially the same manner 
for both types of compounds, and thus the discus
sions presented previously regarding correlation of 
spectra with structure of the oxazoles2 apply, 
qualitatively, to the 1,3,4-oxadiazoles.

E X P E R IM E N T A L 7

The following compounds were prepared by the pro
cedures given previously4:

l-Benzoyl-2-nicotinoxjlhydrazine, m.p. 234-234.5°, after re
crystallization from ethanol.

(7) Melting points are uncorrected. Microanalyses are by 
Micro-Tech Laboratories, Skokie, Illinois.

Anal. Calcd. for C13H11N3O2: C, 64.72; H, 4.60. Found: 
C, 64.69; H, 4.56.

S-[5-Phenyl-S-{l,8,4-oxadiazolyl)]pyridine, m.p. 121.5- 
122°, white needles from toluene-ligroin.

Anal. Calcd. for C13H9N30: C, 69.94; H, 4.06; N, 18.83. 
Found: C, 70.03; H, 4.24; N, 18.38.

l-Benzoyl-2-iso-iicolinoylhydrazine, m.p. 232-233.5°, white 
needles from toluene.

Anal. Found for Ci3HuN30 2: C, 64.77; H, 4.80.
4-[5-Phenyl-2-(l,3,4-oxadiazolyl)]pyridine, m.p. 142-143°, 

white needles from toluene.
Anal. Found for CJ3H9N30 : C, 70.16; H, 3.98; N, 18.82.
Fluorescence and Absorption Spectra were obtained as de

scribed earlier.2

Acknowledgment. The authors are grateful for 
the technical assistance of Mrs. Ruth Lier.
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Los Alamos, N. M.
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Communications T O  T H E  E D I T O R

Reaction of t-Butyl Percsters with Ethers

Sir:
In previous communications1-2 the reactions of t- 

butyl peresters with olefins in the presence of cop
per salt catalysts were described. In subsequent 
work3 the reactions of ¿-butyl peresters were ex
tended to substrates containing activated hydrogen 
atoms other than olefins. Thus, /-butyl perbenzo- 
ate with dioxane yielded dioxanyl benzoate, and 
with phenyl allyl ether yielded 2-benzoyloxy-3- 
phenoxy-l-propene. In all these reactions the ac
tivated hydrogen atom is displaced by an acyloxy 
group and the Z-butoxy radical is converted to /- 
butyl alcohol.

It has now been found that /-butyl peresters react 
with ethers containing only one ether function and 
two activated adjacent methylene groups, such as 
tetrahydrofurans, tetrahydropvran, and n-butyl 
ether. In addition to the expected acyloxy com
pounds, these reactions yield mainly 2-Z-butoxy- 
tetrahydrofuran (I), 2-Z-butoxytetrahydropyran
(II), and 1-Z-butoxy-l-n-butoxybutane (III).

"0 T>C(CH3)3
I

0  Y)C{CH3)3
II

CHa/CHdjCHOCCHdsCH,
I
00(CIT3)j
III

Specifically, the reaction of 0.3 mole of /-butyl 
peracetate with 1 mole of tetrahvdrofuran in the 
presence of 0.35 mmole of cuprous bromide for 14 
hr. at 67-84° yields 41% of compound I, b.p. 40°/l 1 
mm., Mp5 1.4186. Anal. Calcd. for CsIIi602: C, 
66.80; H, 11.02; mol. wt., 144. Found: C, 66.78; 
H, 11.23; mol. wt., 146.

Similarly, the reaction of 0.3 mole of Z-butyl per- 
benzoate and 1 mole of tetrahydrofuran with 0.35 
mmole of cuprous bromide for 14 hr. at 67-84° 
yields 45% of compound I. The reaction of 0.2 mole 
of /-butyl perbenzoate with 0.5 mole of tetrahydro- 
pyran for 14 hr. at 86° yields 33% of II, b.p. 56°/ 
13 mm.; n& 1.4268. Anal. Calcd. for CgHigCh: C, 
68.30; H, 11.48; mol. wt., 158. Found: C, 68.65; 
H, 11.61; mol. wt., 154. The compound is identical 
in all respects with a sample prepared by the method

(1) M. S. Kharaseh and George Sosnovsky. J. .1 m. Chem. 
Soc., 80, 756 (1058).

(2) M. S. Kharaseh, George Sosnovsky, and X. C. Yang, 
J. Am. Chem. Soc.. 81,5819 (1959).

(3) George Sosnovsky and X. C. Yang, J. Org. Chem., 
in press.

of Paul.4-® The reaction of 0.1 mole of /-butyl per
benzoate with 0 35 mole of n-butyl ether for 48 hr. 
at 90° gives a 48% yield of III. b.p. 100°/17 mm.; 
Bd 1.4148. Anal. Calcd. for C12H26O2: C, 71.20; 
II, 12.96; mol. wt., 202. Found: C, 71.15; II, 12.65; 
mol. wt., 195. I:' the reaction is stopped within 6 
hr., it is possible to isolate substantial quantities of 
2-acyloxy compounds. Due to their instability, these 
compounds con d not be purified sufficiently for 
elemental analysis.

In the absence of a copper salt catalyst, the reac
tion of /-butyl peresters with ethers proceeds at a 
much slower rate.

A mechanism which accounts for the formation of 
the acetals I, II, and III is proposed on the basis of 
the following results. Dihydropyran reacts with ace
tic acid at 100° to give 2-acetoxytetrahydropyran.6 
We found that under similar conditions an equimo
lar mixture of dihydropyran, /-butyl alcohol, and 
either benzoic add or acetic acid produces mainly 
the acetal II (40%) and only 13% of the acyloxy 
compounds. There is no reaction between dihydro
pyran and /-butyl alcohol in the presence of copper 
salt in the absence of acid. At 130°, 1 hr., 2-benzoyl- 
oxyfuran decomposes to 66% 2,3-dihydrofuran plus 
69% benzoic acid. An equimolar mixture of 2- 
benzoyloxytetrahydropyran and /-butyl alcohol at 
80°, 14 hr., yields compound II plus benzoic acid.

From these results it is reasonable to assume that 
the /-butyl peresters in the presence of copper salt 
catalysts react with tetrahydrofuran, tetrahydro- 
pyran, or n-butyl ether to form initially the cor
responding acyloxy intermediates, which decom
pose at the chosen experimental conditions to give 
free organic acids and an unsaturated ether. This 
ether, in turn, adds /-butyl alcohol in the presence 
of the corresponding acid to give the observed prod
ucts, I, II, or III, respectively.

The scope of the reactions of /-butyl peresters 
with ethers is currently being investigated, and the 
results will be reported at a later date.

The author is indebted to the Quaker Oats Com
pany for free samples of dihydropyran and tetra- 
hydropyran.

Armour R esearch  F oundation  G eorge Sosnovsky
I llino is  I n stitu te  of Technology
10 W est  35th  Str e et
C hicago 16, I I I .
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(4) R. Paul, Bull. Soc. Chim., (5) 1, 973 (1934).
(5) G. F. Woods and D. X. Kramer, J. Avi. Chem. Soc., 

69,2246 (1947).
(6) J. G. M. Brenner and D. G. Jones, British ra te n t  606, 

764 (Aug. 19, 1948). Chem. Abslr., 43, 1442 (1949).
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Biogenctically Assigned Structures of 
Thujopsene and Hinokiic Acid

Sir:
The recent publication of Erdtman and Norm1 on 

the tentative structures of thujopsene (la) and 
hinokiic acid (lb) has prompted the authors to make 
a comment on the possible biogenesis of these ses
quiterpenes.

In the light of the ingenious idea of Ruzicka’s 
biogenetic isoprene-rule2 as extended by Eschen- 
moser,3 Hendrickson4 and others, it is quite attrac
tive to consider that both thujopsene and hinokiic 
acid are derived from cfs-farnesol according to the 
following scheme.

The bicyclic cation (II) is a probable intermedi
ate stage for the production of longifolene as sug
gested by Hendrickson.4 Regarding the conversion 
of II into the tricyclic compounds (Ilia and Illb), 
a proton elimination assisted by the positive charge 
situated at the 7 -carbon is assumed. Though this 
type of a cyclization is not very common,5 the steri- 
cally-forced proximity of the a- and 7 -carbon atoms 
concerned should be the cause of this rather unusual 
formation of the cyclopropane ring.

Such a consideration leads to the predicted ab
solute configurations of I lia  and Illb  for thujop
sene and hinokiic acid, respectively. Those formulas

(1) H. Erdtman and T. Norm, Acta Chem. Scand., 13, 1124
(1959). The formula (la) had already been assigned to thu
jopsene by H. Kobayashi, S. Nagahama, and S. Akiyoshi 
[Bull. Chem. Soc. Japan, 32, 202 (1959)] prior to the publica
tion of the Swedish authors.

(2) L. Ruzicka, A. Eschenmoser, and H. Heusser, Exper- 
ientia, 9, 357 (1953).

(3) A. Eschenmoser, L. Ruzicka, O. Jeger, and D. Arigoni, 
IIciv. Chim. Acta, 38, 1890 (1955). See also L. Ruzicka in Sir 
A. Todd, Perspectives in Organic Chemistry, Interscience, 
New York, 1956, p. 265.

(4) J. B. Hendrickson, Tetrahedron, 7, 82 (1959).
(5) The formation of nortricyclene from 2-exo-norbornyl 

derivatives may be cited as an example of such a mode of de
protonation. See P. von Rague Schleyer, J. Am. Chem. Soc., 
80,1700(1958).

are supported by almost all of the known reactions 
of the sesquiterpenes. 1’6 Full details will be pub
lished elsewhere.

Department of Industrial Chemistry Keiiti Sisido 
Faculty of Engineering Hitosi Nozaki
Kyoto University 
Kyoto, J apan

Received February 19, 1960

(6) (a) S. Nagahama, H. Kobayashi, and S. Akiyoshi, 
Bull. Chem. Soc. Japan, 32, 366 (1959) and earlier papers 
cited there, (b) O. Okuda, J. Pharm. Soc. Japan, 73, 9
(1953) and earlier papers cited there.

Steroids and Related Natural Products. II. 
A Method for the Direct Conversion of Esters 

to Ethers1,2

Sir:
We wish to report a one-step procedure for con

verting an ester to its corresponding ether deriva
tive. The reduction has been accomplishd employ
ing a boron trifluoride etherate-lithium aluminum 
hydride reagent.3 This novel reaction was first ob
served during the course of an investigation di
rected at determining the effect of boron trifluoride 
etherate-lithium aluminum hydride mixtures on the 
steroidal sapogenin spiroketal system.4

The ester in boron trifluoride etherate solution 
was added to a cooled suspension of lithium alumi
num hydride in ethyl ether. After 45 min. at ice 
bath temperature followed by a 2-hr. period at re
flux the product was isolated. This procedure has 
been used for the preparation of 3/3-ethoxycholes- 
tane (0.17 g.) ,6 colorless needles, [«]d +23.8° 
(chloroform), m.p. 81-83° {Anal. Calcd. for 
C29H52O: C, 83.53; H, 12.58; 0, 3.89. Found: C, 
83.47; H, 12.56; 0, 3.91), from 3/3-acetoxycholestane 
(1.1 g.) and 3d-ethoxylanostane, colorless leaflets, 
m.p. 134-135°, [<*]d +53.2° (chloroform), 38% 
yield {Anal. Calcd. for 032^ 0 : C, 83.84; H, 12.66; 
0, 3.49. Found: C, 83.62; H, 12.47: 0, 3.97), from

(1) Consult G. R. Pettit and W. J. Bowyer, J. Org. Chem., 
25, 84 ( 1960), for the first contribution to this series.

(2) This investigation was supported by Research Grants 
CY-4074(CI) and CY-4074(CISI), from the National 
Cancer Institute of the National Institutes of Health, U. S. 
Public Health Service.

(3) Similar reagents have been used recently for the hy- 
droboration of olefins and as general reducing agents. C/.,
H. C. Brown and B. C. Subba Rao, J. Am. Chem. Soc., 82, 
681 (1960); S. Winstein, E. L. Allred, and J. Sonnenberg, J. 
Am. Chem. Soc., 81, 5833 (1959); H. C. Brown and K. Mur
ray, J. Am. Chem. Soc., 81, 4108 (1959); H. C. Brown and G. 
Zweifel, J. Am. Chem. Soc., 81, 4106 (1959); F. Sondheimer 
and S. Wolfe, Can. J. Chem., 37, 1870 (1959); R. Dulou and
Y. Chrétien-Bessière, Bull. soc. chim. France, 1362 (1959); 
S. P. Fore and W. G. Bickford, J. Org. Chem., 24, 920 (1959).

(4) Cf., footnote 10 ref. 1.
(5) C. Djerassi, M. Shamma, and T. Y. Kan, J . Am.

Chem. Soc., 80, 4723 (1958).
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3/3-acetoxylanostane.6 Both products were found to 
be identical (mixture melting point and infrared 
spectral comparison) with authentic samples. An 
important application of this method involved re
duction of 3j8,13a-dihydroxy-13,17-secoandrostan-
17-oie acid lactone (I) 7 to the tetrahydropyran Ila, 
colorless needles, m.p. 181-183°. [a]n 0.00° 
(chloroform), 43% yield (Anal. Calcd. for C19H32O2 
(292): C, 78.03; H, 11.03; O, 10.94; active H, 0.34. 
Found: C, 77.54; H, 10.82; O, 11 56; active H, 
0.28); mol. wt. (Rast), 297. Treating Ila with ace
tic anhydride-pyridine afforded the acetate deriva
tive lib, colorless rods, [a]o —18.0° (chloroform)

(6) C. S. Barnes and A. Palmer, Australian J . Chern., 10, 
:m  (1957).

(7) M. F. Murray, B. A. Johnson, R. L. Pederson, and A. 
C. Ott, J. Am. Chem. Soc., 78, 981 (1956).

I II a, R = H
b, R = OCOCH3

m.p. 145-146°. (Anal. Calcd. for C21H34O3: C, 75.40; 
H, 10.25; 0, 14.35. Found: C, 75.64; H, 10.30; O, 
14.29). The yields reported are based on ehromato- 
graphically pure compounds.

The scope of this reaction is presently under in
vestigation.

Department of Chemistry George R. Pettit
University of Maine T. R. Kasttjri
Orono, Me.
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