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.Y-Alkyl-.Y-acylhvdrazines have been found to give alkyl azides in poor to satisfactory yields by treatment with nitrous 
acid. Isobutyl and hexahvdrobenzyl azides were prepared by this method from the corresponding 2-alkylsemicarbazides, 
and the adducts of these azides with acetylenedicarboxylic acid, dicyclopentadiene, or bicycloheptadiene were prepared as 
characterizing derivatives. .V-teri-Butyl-.V-benzoylhydrazine has been prepared by benzoylation of acetone .V-tcrt-butyl- 
hydrazone followed by selective hydrolysis; nitrosation converts it in small part to /erf-butyl azide.

The reaction of arylhydrazines with nitrous acid 
has been recognized for a long time as a useful 
method for the synthesis of aryl azides.2 The nitro
gen atom from the nitrous acid has been shown to 
become the outer, terminal atom of the azide chain,3 
and the initial attack by nitrous acid is therefore 
presumably on the unsubstituted amino group.

Ar—NH— N H . +  U N O .---- >-
[Ar—N H —N H —NO] — >- Ar—N, +  1LO

Alkyl hydrazines, due to their more difficult ac
cessibility, have been much less studied regarding 
their behavior on nitrosation. The available in
formation shows that their nitrosation is not a 
useful synthesis of alkyl azides and that, indeed, 
azides are rarely formed at all. The primary nitro
sation products that have been isolated appear to 
be 1-nitroso-l-alkylhydrazines,4 which obviously 
cannot give rise to azides without rearrangement, 
and not surprisingly they decompose in other ways.

R - N H - X H .  +  HXO, — »-
R N — NH, — H— It—NjI

NO

(1) A large part, of this work was performed as Contract 
DA-20-018-ORD-13283, Office of Ordnance Research, U. S. 
Army. Presented in part at the National Meeting, Ameri
can Chemical Society, Atlantic City, N. J., Sept. 16-21, 
1956.

(2) J. H. Boyer and F. Canter, Chem. Revs., 54, 1 (1954).
(3) K. Clusius and H. R. Weisser, Helv. Chim. Acta, 35,

1548 (1952); A'aturwissenschaften, 39, 42 (19521.
(41 J. Thiele, Ann., 376, 239 (1910).

The explanation for this difference in behavior 
between arvl- and alkylhvdrazines appears to be in 
the effect of the substituents on the relative basicity 
of the two hydrazine nitrogens. Inasmuch as aryl 
groups are base-weakening and alkyl groups are 
base-strengthening when attached to an amine 
nitrogen, one might reasonably expect the substi
tuted nitrogen of alkylhvdrazines to be more basic 
than the unsubstituted one, and the reverse to be 
true for arylhydrazines. The very reasonable as
sumption that nitrosation occurs on the more basic 
nitrogen then explains the observed behavior.

In order to bring about nitrosation on the un- 
substituted nitrogen of alkylhvdrazines, we pre
pared 1-alkyl-1-acylhydrazines. The base-weaken
ing acyl group would be expected to prevent nitro
sation at the alkylated nitrogen, but would be re
movable hydrolytically at a suitable time. Nitro
sation on the unsubstituted nitrogen would then 
give rise to the three-nitrogen chain of the azide 
system, and subsequent elimination of the acyl 
group should produce an alkyl azide. A solitary 
exemplification of this is the reported formation 
of a ke:o azide from a fused-ring AT-aminoimida- 
zolidone or a related oxime.5

1 -Alkyl- 1-acylhydrazines might be prepared 
by acylation of an alkylhydrazine, or by nitrosa
tion of an A’-alkyl amide followed by reduction of 
of the iV-nitroso group. The latter was investigated 
first, because of the more readily accessible starting

(5) M. O. Forster and H. E. Fierz, J. Chem. Soc., 87, 
826 (1905); 91, 867 (1907).
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materials. Alkylurethans and alkylureas were 
chosen, since their nitrosation behavior has been 
fairly well studied. Difficulty was encountered in con
verting the urethans to 1-alkyl-1-carboalkoxyhydra- 
zines, so attention was concentrated on the ureas, 
which could be converted to 1-alkyl-l-carbamylhy- 
drazines in satisfactory yield. The difference in be
havior between the urethans and the ureas may be 
due either to an intrinsic difference in the ease of 
reductive cleavage of the N = N  bond, or may per
haps be due to the greater ease of handling the urea 
derivatives, which were all solids in contrast to the 
liquid urethan derivatives.

Nitrosation of the 2-alkylsemicarbazides ob
tained gave rise to azides without isolation of 
intermediates; the reactions were not clean-cut, as 
shown by the somewhat low yields, but elimination 
of the carbamyl group was spontaneous under the 
conditions used. The two successful examples both 
involved primary alkyl groups (isobutyl and hexa- 
hydrobenzyl).

hno2
H2N—NR—CO—NH2  ------->  R—N, -  C 02 +  N2

Attempts to extend the reaction to the secondary 
and tertiary class, represented by cyclohexyl- and 
ferf-butyl-semicarbazides, were at first thwarted by 
our failure to obtain the required semicarbazides 
by the nitrosation and reduction route. However, 
2-substituted semicarbazides can also be prepared 
by a different route, the key step of which is the re
action of a carbamyl chloride with the magnesium 
derivative of a benzophenone TV-alkylhydrazone, 
obtained by the addition of a Grignard reagent to 
diphenyldiazomethane.6 We found that tert-butyl- 
magnesium chloride added readily to diphenyl
diazomethane, but the resulting salt could not be 
made to react with acid chlorides.

Since it appeared probable that the unreactivity 
was steric in origin, and in part due to the size of the 
phenyl groups as well as the tert-butyl, we next 
investigated acetone terf-butylhydrazone, which 
was prepared from feri-butylhydrazine. We were 
able to benzoylate this compound successfully, 
and to hydrolyze the product selectively to N- 
benzoyl-N-tert-butylhydrazine. Treatment of this 
with nitrous acid then brought about some con
version to tert -butyl azide, but the yields were too 
low to permit its isolation in pure form.

(CH3)2C = N —NH—C4H9-i — >-
HCl

(CH3)2C = N —N—CiHg-i — >  
h 2o

OC—c 6h 5
C6H6CO—N( N H ,)—C4H 9-t

ferf-Butylhydrazine was required in quantity for 
these experiments. Since previously published

(6) G. H. Coleman, H. Gilman, C. E. Adams, and P. E. 
P ratt, J. Org. Chem., 3, 99 (1938).

syntheses of this compound7’8 did not seem satis
factory, we explored most of the synthetic methods 
that have been used for other alkylhydrazines. 
Most failed altogether or gave only negligible 
yields, but the seldom used method discovered by 
Zerner9 and developed by Coleman, Gilman, Adams, 
and Pratt,6 utilizing the reaction of Grignard re
agents with diphenyldiazomethane, worked well, 
and we were able to carry it out on a scale of several 
moles and to characterize pure fert-butylhydrazine 
for the first time. However, the hydrolysis of the 
intermediate benzophenone feri-butylhydrazone had 
to be carried out at room temperature for success; 
hot acid caused elimination of the ferf.-butyl group.

f-C4H9MgCI HCl
(C6H6)2C = N 2 ----------- >  (C0H5)2C = N —NH—C4H r t — >-

HjO
(C6Hs)2CO +  H2N—NH—C4H 9-i

Although the route to alkyl azides developed here 
is not a generally useful synthetic method, it has the 
potentially important characteristic of allowing the 
aliphatic azide group to be built up one atom at a 
time. This makes it in principle possible to prepare 
aliphatic azides with a specific nitrogen atom 
isotopically tagged, a feat hitherto possible only 
for aryl azides.

In the course of this work, the need to character
ize liquid azides by conversion to a solid derivative 
arose. Three reagents were investigated: acetylene- 
dicarboxylic acid, which gives rise to 1-alkyl- 
triazole-4,5-dicarboxylic acids; and bicyclo[2.2.1 ]- 
heptadiene and dicyclopentadiene, which wrould be 
expected to give bicyclic fused-ring triazolines. 
All three reagents were successful in giving crystal
line derivatives readily. The triazoledicarboxylic 
acids were rather unsatisfactory in that they 
readily form hydrates, which may have indefinite 
melting points. The bicycloheptadiene adducts 
showed addition at both double bonds, giving 
products which are presumably bis(triazolino)- 
bicycloheptanes, the positions of substitution on 
the two triazoline rings relative to each other 
being unknown. These are high-melting, crystalline 
substances which appear to be stable to storage, 
and make suitable derivatives for characterization. 
fert-Butyl azide, however, did not form such 
derivatives satisfactorily. It was therefore char
acterized by rearrangement to acetone JV-methyl- 
imine with concentrated sulfuric acid, and isolat
ing acetone dinitrophenylhydrazone.

EXPERIMENTAL

2-Isobutylsemicarbazide was prepared in 54% yield by 
reduction of JV-nitroso-iV-isobutylurea8 with zinc and acetic 
acid; it had m.p. 89-91° (reported10 91.5-92°).

(7) F. Klages, Ann., 547, 25 (1941).
(8) L. F. Audrieth and K. H. Diamond, J. Am. Chem 

Soc., 76, 4869 (1954).
(9) E. Zerner, Monatsh., 34, 1609 (1913).
(10) K. Taipale, J. Russ. Phys. Chem. Soc., 56, 81 (1925); 

Chem. Zentr., 1926, I, 872.
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Isobutyl azide. A solution of 26.2 g. (0.2 mole) of 2-iso- 
butylsemicarbazide in 60 ml. of concentrated hydrochloric 
acid and 50 ml. of water was cooled to 0° and a solution 
of 19.3 g. (0.28 mole) of sodium nitrite in 35 ml. of water was 
added dropwise; the solution became bright green. I t  was 
stirred an additional hour and then urea was added to de
stroy the excess nitrous acid; the green color disappeared. 
The solution was made basic, causing the separation of a 
second layer, and the mixture was then distilled, the product 
being codistilled with the water. The distillate was extracted 
with ether and the extracts were dried over calcium chloride. 
The solution was fractionally distilled at 752.5 mm., giving
7.59 g. of b.p. 40-53°, 3.40 g. of b.p. 53-93°, 5.53 g. of b.p. 
93-95°, and 3.08 g. of b.p. >95°. The 93-95° fraction was 
taken up in petroleum ether (b.p. 30-37°) and washed twice 
with 5% hydrochloric acid, once with water, dried and 
redistilled at 751.5 mm., giving 1.50 g., b.p. 45-53°; 2.90 g., 
b.p. 93-94°; and 0.62 g., b.p. >94°. The middle fraction, 
which reacted vigorously with concentrated sulfuric acid and 
flashed in a flame, was taken as isobutyl azide (it is not clear 
whether the small discrepancy in the carbon analysis should 
be attributed to impurity in the azide or to its immoderate 
behavior on combustion).

Anal. Calcd. for C 4 H 9 N 3 :  C, 48.46; H, 9.15. Found: C, 
49.18; H, 9.06.

l-Isobutyl-l,2,3-triazole-4,6-dicarboxylic acid. The fore
going isobutyl azide, 2.80 g., was taken up in petroleum 
ether (b.p. 30-60°), washed with two portions of 10% 
hydrochloric acid, once with water, and dried over mag
nesium sulfate. To this was added 4.55 g. (0.034 mole) of 
acetylenedicarboxylic acid hydrate and 20 ml. of dry ether, 
and the solution was refluxed for one hour, cooled, and 
petroleum ether was added until a white solid precipitated; 
yield 5.94 g. (74.7%), m.p. 50-95°.

Recrystallization from ether-petroleum ether mixture 
gave white needles which lost water at 121° and melted at 
136-137°. The neutral equivalent was 109.3 (calcd. 106.5). 
The sample was allowed to stand open to the air until the 
weight wras constant. The neutral equivalent was then 
found to be 118 (calcd. for the monohydrate 115.5).

Anal. Calcd. for CgHuC^Ns'BW): C, 41.56; H, 5.67. 
Found: C, 41.92; H, 5.62.

Isobutyl azide-bicycloheptadiene adduct. A mixture of 1.50 
g. (0.015 mole) of isobutyl azide and 0.70 g. (0.0076 mole) 
of bicycloheptadiene was allowed to stand at room tem
perature for several days. The addition of a small amount 
of methylene chloride and sufficient petroleum ether (b.p. 
40-60°) to cause some precipitation gave 0.16 g. (7.3%) of 
colorless crystals, m.p. 186-188°; presumably, more could 
have been obtained from the mother liquors. Recrystalliza
tion from the same solvents gave an analytical sample, 
m.p. 188-191°.

Anal. Calcd. for C16H26N6: C, 62.02; H, 9.02. Found: 
C, 62.05; H, 9.18.

Nitrosohexahydrobenzylurea ( 1-cyclohexanomethy 1-1 -nitro
sourea). A mixture of 78 g. (0.5 mole) of hexahydrobenzyl- 
urea,11 150 ml. of ether, 50 g. of ice, and 160 g. (2.25 moles) 
of sodium nitrite in 250 ml. water was acidified by drop- 
wise addition of 150 g. of concentrated nitric acid and 150 
g. of ice. More ice was added as needed, to keep the tem
perature below 5°. The product which precipitated was fil
tered off and washed with cold water, and the mother 
liquors were extracted with ether. The ethereal solution was 
dried and evaporated. The total yield was 47.1 g. (51%), 
m.p. 118-121°. Recrystallization from ethanol-water mix
ture gave an analytical sample, m.p. 120-123° dec.

Anal. Calcd. for CsHuOJSb: C, 51.87; H, 8.16. Found: 
C, 52.00; H, 8.14.

2-Hexahydrobenzylsemicarbazide (2-cyclohexanemethyl- 
semicarbazide). A solution of 18.5 g. (0.1 mole) of nitroso- 
hexahydrobenzylurea in 100 ml. of glacial acetic acid and 
50 ml. of water was added dropwise to 30 g. of zinc dust and

(11) O. Wallach, Ann., 353, 299 (1907).

1 0 0  ml. of £0 % acetic acid, while the temperature was kept 
below 20°. After the addition was completed, the mixture 
was allowed to warm to room temperature and was then 
filtered. The filtrate was made basic and the product was 
filtered and washed with water. The filtrate was extracted 
with ether, which was then dried and evaporated. The com
bined yield of 2 -hexahydrobenzylsemicarbazide was 1 1  g. 
(64.5%), m.p. 154-162°. Recrystallization twice from 
absolute alcohol gave an analytical sample, m.p. 160.5- 
163°.

Anal. Calcd. for C8H i6ON3: C, 56.11; H, 10.01. Found: 
C, 56.28; H, 10.04.

Hexahydrobenzyl azide (cyclohexanemethyl azide). One- 
fifth mole (34.2 g.) of 2-hexahydrobenzylsemicarbazide was 
triturated with 50 ml. of concentrated hydrochloric acid and 
heated on a steam bath. To the hot suspension was added 
50 ml. of water, and the mixture was cooled to 0°. The 
solution was stirred mechanically while a solution of 2 0 . 7  g. 
(0.3 mole) of sodium nitrite in 35 ml. of water was added 
dropwise. Stirring was continued for an additional hour, and 
the solution was made basic and then filtered to remove a 
small amount of solid material.

The filtrate was steam-distilled and the distillate was 
extracted with ether. The extracts were dried over calcium 
chloride, the ether was removed at the aspirator and the 
residue distilled at 0.15-mm. pressure; the entire amount 
distilled at 30-34°/0.15 mm. The distillate, wt. 14.5 g. 
(48.6%), gave a very vigorous reaction with concentrated 
sulfuric acid.

Anal. Ca.cd. for C7H 13N 3 : C, 60.40; H, 9.41. Found: C, 
60.58; H, 9.64.

The solid which had been filtered from the basic solution 
weighed 2.62 g. and melted a t 100-120°. Two recrystal
lizations from absolute alcohol gave 1.08 g. (4.3%), m.p. 
144-147°, of si/?ft-dihexahydrobenzylurea.

Anal. Calcd. for C15H 28ON2 : C, 71.38; H, 11.18. Found: 
C, 71.21; H, 11.41.

Upon the addition of water to the mother liquors, a second 
solid was obtained. This material was recrystallized from 
ethanol-water to give a yellowish solid, m.p. 94° dec., weight 
1.38 g. (3.5%), which gave a Liebermann nitroso test. 
Repeated recrystallization did not give an apparently pure 
sample.

Anal. Found: C, 55.35; H, 9.08; N, 21.64.
Hexahydrobenzyl azide-bicycloheptadiene adduct. This mate

rial was prepared in the same manner as the isobutyl azide 
adduct; the yield was 53%, m.p. 208-212°.

Anal. Calcd. for C2 1H 34N 6 : C, 68.07; H, 9.37. Foimd: 
C, 68.15; H, 9.37.

Hexahydrobenzyl azide-dicyclopentadiene adduct. A mixture 
of 5.0 g. (0.036 mole) of hexahydrobenzyl azide, 2.38 g. 
(0.018 mole) of dicyclopentadiene and 10 ml. of ether was 
allowed to stand for several days. Evaporation of the ether 
caused a white solid (2.30 g., 31.2%) to separate, m.p. 108- 
114° after washing with petroleum ether (b.p. 40-60°).

Anal. Calcd. for CnHjsNs: C, 75.23; H, 9.28. Found: C, 
75.35; H, 9.17.

sym-Dihexahydrobenzylurea (1,3-biscyclohexanemethyl- 
urea). To a stirred suspension of 33.9 g. (0.3 mole) of hexa- 
hydrobenzylamine and 16.8 g. (0.3 mole) of potassium 
hydroxide in 100 ml. of water, was slowly added 17 g. (0.15 
mole) of phosgene in 100 ml. of reagent benzene. The white 
solid which formed was filtered off, and a small additional 
amount was obtained by evaporating the benzene solution. 
The total yield of crude sj/m-dihexahydrobenzylurea was
21.2 g. (56.2%), m.p. 117-124°. Recrystallization from 
ethanol-water gave fine white platelets, m.p. 148-150°, 
undepressed when mixed with the sym-dihexahydrobenzyl- 
urea obtained from the hexahydrobenzyl azide preparation.

2-Ethylsemicarbazide. To a stirred suspension of 20 g. of 
zinc dust in 70 ml. of 50% acetic acid there was added drop- 
wise a solution of 10 g. (0.085 mole) of A-nitroso-lV-methyl- 
urea in 50 ml. of glacial acetic acid and 25 ml. of water. 
The temperature of the reaction was kept a t about 20°
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during the addition, and then raised to 50-60° for 1 hr. The 
zinc dust was filtered from the hot solution, and the filtrate 
was made basic (dissolving all the zinc hydroxide) and ex
tracted continuously with ether. After several days, the 
ether extract had precipitated 0.57 g. of a substance which 
melted at 97-103°. Recrystallization of 0.47 g. from ethylene 
glycol dimethyl ether gave 0.15 g., m.p. 105.5-107.5°, and a 
second crop weighing 0.05 g. By continuing the ether extrac
tion, a total of 2.73 g. (31%) was obtained.

Anal. Calcd. for C 3 H 9 O N 3 :  C, 34.94; H, 8.80. Found: 
C, 35.02; H, 8.70.

Because of the difficulties of preparing sufficient quanti
ties, this semicarbazide was not investigated further than 
the preparation of derivatives.

l-{p-Chlorobenzylidene-2-ethylsemicarbazide). A mixture of 
0.1 g. (0.0085 mole) of 2-ethylsemicarbazide and 0.14 g. 
(0.001 mole) of p-chlorobenzaldehyde with 10 ml. of absolute 
alcohol was refluxed for 10 min., allowed to cool, and slowly 
diluted with water until needles formed. The crude, colorless 
product weighed 0.12 g. (63%), m.p. 153-154°. Recrystal
lization from the same solvents gave an analytical sample, 
m.p. 153.5-154°.

Anal. Calcd. for CioHr ON3Cl: C, 53.20; H, 5.76. Found: 
C, 53.19; H, 5.48.

l-Benzylidene-2-ethylsemicarbazide. Ten grams of N- 
nitroso-Ar-ethylurea was reduced in the same manner as 
described above. Instead of the usual work-up, 10 g. of 
benzaldehyde was added to the filtered mixture and the 
flask was shaken on a mechanical shaker overnight. The solid 
which formed was filtered off and washed with water and a 
very small portion of ether; wt. 7.14 (44%), m.p. 135-139°. 
Recrystallization from alcohol-water gave fine white needles, 
m.p. 137.5-139°.

Anal. Calcd. for CioHnOX?: C, 62.80; H, 6.85. Found: 
C, 62.80; H, 6.75.

l-Ethyl-l,2,3-triazole-4,5-dicarboxylic acid. A mixture of 
4 g. (0.0565 mole) of ethyl azide,12 13 6.4 g. (9.0565 mole) of 
acetylenedicarboxvlic acid and 10 ml. of ether was allowed to 
reflux under the heat of the reaction, and then heated on a 
steam bath for about 15 min. longer. Upon evaporation of 
the solvent, the hydrated triazole was obtained as a white 
solid, 7.57 g. (66%), which started to soften at 85° when 
heated slowly. Recrystallization from ether-petroleum ether 
mixture gave the anhydrous material, m.p. 106-109° 
(reported13 108-110°).

Benzophenone tert-butylhydrazone. A solution of 814 g. 
(4.18 moles) of diphenyldiazomethane14 in 2 lb. of ether was 
slowly added with stirring to a solution of ieri-butylmag- 
nesium chloride, cooled by ice, prepared from 585 g. (6 
moles) of ierf-butyl chloride. Upon completion of the 
addition, the mixture was allowed to stand overnight; 
the red solution became nearly colorless and a yellow 
precipitate formed. The mixture was hydrolyzed with 
ammonium chloride and ice, the ether layer was separated, 
and the water layer was extracted twice with more ether. 
The combined ethereal layers were dried over calcium 
chloride and then evaporated. There remained 948 g. 
(87.5%) of benzophenone fert-butylhvdrazone as a yellow 
solid, m.p. 68-72°. Recrystallization of a portion from 
alcohol gave light yellow needles, m.p. 73.5-75°.

Anal. Calcd. for CnTUoN»: C, 80.91; H, 7.99; X, 11.10. 
Found: C, 81.02; H, 7.79; X, 11.17.

tert-Butylhydrazine. Initial attempts to hydrolyze benzo
phenone teri-butvlhydrazone with refluxing 20% or 50% 
hydrochloric acid gave only hydrazine hydrochloride, while

(12) E. Oliveri-Mandalä and G. Caronna, Gazz. chim. 
ital., 71, 182 (1941); H. Staudinger and E. Hauser, Helv. 
Chim. Acta, 4, 861 (1921).

(13) F. von Bruckhausen and H. Hoffmann, Ber., 74, 
1593 (1941).

(14) L. I. Smith and K. L. Howard, Org. Syntheses, Coli. 
Vol. in ,  352 (1955).

distillation from 10% sodium hydroxide solution produced 
no volatile base of any kind.

A mixture of 7.0 g. of benzophenone ferf-butvlhydrazone, 
10 ml. of coned, hydrochloric acid and 15 ml. of alcohol was 
allowed to stand at room temperature overnight. The alcohol 
was then evaporated in a stream of air, and the remainder 
was extracted twice with ether, diluted with 10 ml. of water, 
and again extracted twice with ether. The combined extracts 
were washed twice with water, and the washings were added 
to the ether-insoluble residue. Evaporation of the ethereal 
extracts gave 3.94 g. (78%) of benzophenone. The aqueous 
layers on evaporation left 2.07 g. (60%) of leri-butylhy- 
drazine hydrochloride; recrvstallization of a portion from 
alcohol gave colorless plates, m.p. 189° (reported m.p. 
187°;8 191-192 °7).

Free tert-butylhydrazine was obtained in 94% yield by 
distilling larger quantities of the hydrochloride from 25% 
sodium hydroxide solution, treating the distillate with 
successive portions of solid sodium hydroxide until a water 
layer no longer appeared, and distilling the dried material 
from barium oxide through a Podbielniak column. The 
colorless, pungent ieri-butylhydrazine so obtained had b.p. 
109°/749 mm., n“  1.4270, and density 0.82264 at 25°, and 
evolved gas slowly when in contact with impurities. A boil
ing point of 129-134° has been reported' for alleged ierf-butyl- 
hvdrazine whose identity was not supported by analysis.

Anal. Oalcd. for C,H,2N,: C, 54.50; H, 13.72; N, 31.78. 
Found: C, 54.31, 54.27; H, 13.73, 13.77; N, 31.55, 31.66.

Acetone tert-butylhydrazone. A mixture of 5.0 g. of lert- 
butylhydrazine and 6.6 g. of acetone, prepared with cooling, 
was allowed to stand for a short time, and ether and potas
sium hydroxide pellets were then added. The lower, aqueous 
layer was removed and fresh potassium hydroxide pellets 
were added; the procedure was repeated until no more 
water could be removed. The ethereal layer was then dis
tilled from barium oxide to yield 5.41 g. (74%) of a colorless 
strong-smelling liquid, b.p. 132-134°.

Anal. Calcd. for C7H I6N>: C, 65.57; H, 12.58. Found: C, 
65.68; H, 12.66.

Acetone N-tert-butyl-X-benzoylhydrazone. A mixture of 2.0 
g. of acetone ieri-butylhydrazone with 4.4 g. of benzoyl 
chloride was agitated with 15 ml. of 10% sodium hydroxide 
solution until the odor of benzoyl chloride was gone. The 
product was taken up in ether and dried over magnesium 
sulfate. Evaporation left 3.65 g. (100%) of a viscous, light 
yellow oil. Distillation at 0.1 to 0.15-mm. pressure gave 
without appreciable loss a colorless product, b.p. 100-103°, 
which soon crystallized. After recrystallization from aqueous 
methanol it had m.p. 70-70.5°.

Anal. Calcd. for CnHioNjO: C, 72.30; H, 8.68. Found: 
C, 72.28; II, 8.90.

X-Benzoyl-X-tert-bulylhydrazine. A solution of 0.5 g. of 
acetone .V-tert-butyl-.V-benzoylhydrazone in 3 ml. of 10% 
hydrochloric acid and 3 ml. of alcohol was allowed to stand 
at room temperature for 11 hr., and was then made basic 
with dilute sodium hydroxide. The alcohol was evaporated 
in an air stream, and the solid which separated was filtered 
off. I t weighed 0.35 g. (85%), and had m.p. 117-123°. 
Recrystallization from aqueous alcohol gave an analytical 
sample, m.p. 131-132°.

Anal. Calcd. for CnH16N£0 : C, 68.72; H, 8.39. Found: 
C, 68.67; H, 8.34.

A'itrosation of X-benzoyl-X-tert-butylhydrazine. A solution 
of 1.33 g. of nitrogen tetroxide in 15 ml. of dioxane was 
chilled in a Dry Ice-alcohol bath, 2.4 g. of anhydrous sodium 
acetate was added and the mixture was allowed to warm to 
0°. While this solution was being stirred, 0.8 g. of A-benzoyl- 
A’-ieri-butylhydrazine was added in portions, after which 
the mixture was kept at room temperature for 34 hr.

Distillation of the mixture then gave a 10-ml. fraction of 
b.p. 85-95° before dioxane began to distill. This fraction, 
which should have contained any ieri-butyl azide, was added 
dropwise to 10 ml. of coned, sulfuric acid with stirring; gas
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was evolved. The mixture was then diluted with 30 ml. of 
water and distilled. Treatment of the distillate with 2,4- 
dinitrophenylhydrazine reagent solution gave an orange 
precipitate, which was purified by chromatography on an 
alumina column. Elution with benzene gave 0.08 g. (8.5%) 
of acetone dinitrophenylhydrazone, m.p. 115-120°, unde
pressed by mixture with an authentic sample. Furthermore,

the infrared spectrum of this product was identical with 
that of an authentic sample.

Benzoic acid (0.33 g., 65%) was isolated from the higher 
boiling part of the dioxane solution and from the undistilled 
part of the sulfuric acid reaction mixture.

A n n  A r b o r , M i c h .
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Some 3-dialkylaminopropylamines and 2-dialkylaminoethylamines have been converted to the corresponding isocyanides 
by the Hofmann synthesis. Neither hydroxyalkylamines nor A,lV-dialkylhydrazines could be converted to isocyanides. In 
several Hofmann syntheses formamides were formed. A-Dialkylaminoalkylcarbonimidyl chlorides and 1-dialkylamino- 
alkyltetrazoles were prepared by treating the corresponding isocyanides with chlorine or hydrogen azide.

Isocyanides have been known for 90 years due to 
their discovery independently by Hofmann2 and 
Gautier.3 In that time two general syntheses have 
been developed: the action of silver cyanide on 
alkyl iodides,2-6 and the action of alkali on a mix
ture of chloroform and an amine.2 5 6 7’5-8 Aryl iso
cyanides with various functional groups on the 
benzene nucleus have been prepared, but no ali
phatic isocyanides with other functional groups 
have yet been reported. This paper reports the syn
thesis and properties of a group of dialkylamino- 
alkyl isocyanides, and the attempted preparation 
of some hydroxyalkyl isocyanides and isocyano- 
amines by the known general methods.

The Hofmann synthesis was used successfully to 
prepare 3-diethylaminopropyl isocyanide (Ha), 3- 
dimethylaminopropyl isocyanide (lib), and 2- 
diethylaminoethyl isocyanide (lie) from the corre
sponding amines (la, b, c). The adaptation de-

chci3
R—NH2 -------- >- R—NC

KOI!
(I) (II)

a, R = (C2H6)2NCH2CH2CH2— ;
b, R = (CH3)2NCH2CH2CH2—;
c, R = (C2H6 )2NCH2CH2—.

(1) This work w'as supported by the Chemical Corps,
U. S. Army, under Prime Contract No. DA18-108-CML- 
5271, Subcontract 7, a t the University of Michigan.

(2) A. Hofmann, Ann., 144, 114 (1867); 146, 107 (1868).
(3) A. Gautier, Ann. chim. et Phys., [4] 17, 103 (1869).
(4) W. Schneidewind, Ber., 21, 1329 (1888); H. Guille- 

mará, Ann. chim. et phys., [8] 14, 408 (1908).
(5) H. Lindemann and L. Wiegrebe, Ber., 63B, 1650 

(1930).
(6) J. U. Nef, Ann., 270, 267 (1892).
(7) M. Passerini, Gazz. chim. ital., 5011, 340 (1920);

M. Passerini and G. Banti, Gazz. chim. ital., 58, 636 (1928);
D. Hammick, R. New, N. V. Sidgwick, and L. Sutton, J. 
Chem. Soc., 1876 (1930); R. New and L. Sutton, / .  Chem. 
Soc., 1415 (1932) ; H. Dreyfus, U. S. Patent 2,347,772 (Chem. 
Abstr., 39,89 (1945)).

scribed by Malatesta8 was found to be the most 
convenient for carrying out the reaction. The 
yields were low, and the products were accom
panied by unreacted amine and tar.

A black, tarry mass remained after the iso
cyanides and unreacted amines were distilled from 
the reaction mixtures. Attempts to remove any 
higher toiling component from the tar by further 
distillation resulted, in the case of Ila, only in ex
tensive decomposition. However, from the tar ob
tained in the preparation of lib  there was obtained 
a small amount of impure carbonyl compound. 
Cuprous chloride successfully freed it from an iso- 
cyanide impurity by complex formation.9 Com
parison of the boiling point and infrared spectrum 
with those of 3-dimethylaminopropylformamide 
suggests that they are the same substance. Anal
ysis, however, indicated an impurity low in nitro
gen. This is also indicated by a comparison of the 
relative intensities of the C—H bond N—H stretch
ing bands in the infrared with those of an authentic 
sample.

The Hofmann synthesis with 3-diethylamino- 
propylamine (la) and methanolic potassium hydrox
ide produced no isocyanide. Besides unreacted 
amine, there was isolated a small amount of high- 
boiling material, identified as 3-diethylamino- 
propylformamide (III) by analysis, infrared spec
trum and comparison with an authentic sample.

CHCls koh
(C2H5)2N(CH2)3NH2 ---------— >  (C2H5)2N(CH2)3NHCHO

(la) (HI)

No isocyanides were isolated when l-amino-2- 
propanol or 3-aminopropanol were subjected to 
the Hofmann synthesis. In the latter case, however,

(8) L. Malatesta, Gazz. chim. ital., 77, 238 (1947).
(9) F. Klages, K. Monkemeyer, and R. Heinle, Ber., 85, 

109 (1952).
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traces of an isocyanide were detected by infrared 
spectrum.

When methanolic potassium hydroxide was added 
to a chloroform solution of 3-aminopropanol, there 
was obtained a high-boiling compound tentatively 
identified as 3-hydroxypropylformamide (IV). The 
structural assignment is based on infrared data and 
the results of the analogous reaction of 3-diethyl- 
aminopropylamine. The Compound IV had only 
an amide carbonyl bond, at 1660 cm.“ 1 (6.02 p). 
An attempt to prepare an authentic sample of 3-

CHCIs, KOH
HO—(CH2)3—NHj ----------- > HO—(CH2)3—NHCHO

(IV)
hydroxypropylformamide (IV) by heating 3-amino
propanol with formic acid gave only 3-formamido- 
propyl formate. The infrared spectrum of the latter 
compound showed absorption due to both ester 
and amide carbonyl. Further investigation was 
precluded by the minute amount obtained and by 
our inability to repeat its preparation.

The formation of formamides during the Hof
mann isocyanide synthesis must be parallel with 
and not subsequent to isocyanide formation, since 
isocyanides, once formed, are inert to alkaline con
ditions. If Nef’s hypothesis is correct10 that the for
mation of isocyanides proceeds through initial for
mation of dichlorocarbene, CCk, from chloroform, 
followed by addition to the amino group and hydro
gen migration to give the structure R—NH—■ 
ClICk, the formation of formamides as side prod
ucts can be accounted for by hydrolysis of the 
intermediate competing with dehydrohalogenation.

Neither V-aminopiperidine nor l,l-bis(p-chloro- 
phenyl) hydrazine gave isolable isocyanides when 
subjected to the Hofmann synthesis. This result is 
contrary to the report that V-aminopiperidine gives 
“the isocyanide reaction” with chloroform and 
potassium hydroxide.11

The preparation of V-aminopiperidine was ac
complished by reducing W-nitrosopiperidine with 
lithium aluminum hydride according to the method 
reported by Poirier and Benington12 for the reduc
tion of AT-nitrosodiphenylamine, and found to be 
superior to the reduction with zinc and acetic acid 
customarily used. The preparation of l,l-bis(p- 
chlorophenyl)hydrazine followed the same path. 
p,p'-Dichlorodiphenylamine, required for its syn
thesis, was prepared by the Chapman rearrange
ment.13

Efforts to convert 2-iodoethanol and 3-iodopro- 
panol to isocyanides by reaction with silver cyanide 
resulted only in tars.

For detecting the presence of isocyanides in re
action mixtures, we found the color test of Pertusi

(10) J. U. Nef, Ann., 298, 368 (1897).
(11) L. Knorr, Ann., 221, 299 (1883).
(12) R. Poirier and F. Benington, J. Am. Chem. Soc., 74, 

3192 (1952).
(13) A. W. Chapman, J. Chem. Soc., 2462 (1930).

and Gastaldi14 useful, in which benzidine is oxidized 
to benzidine blue by cupric acetate when a suitable 
complexing agent is added. Since the test is not 
specific for the isocyanide function, confirmatory 
evidence was obtained by an examination of the in
frared spectrum when possible; all of the iso
cyanides which we have prepared showed charac
teristic absorption at 2150 cm.“ 1 (4.65 /j.).

Samples of both 3-diethylaminopropyl and 3- 
dimethylaminopropyl isocyanides have been stored 
for weeks at room temperature in sealed ampoules 
without discoloring, but under identical conditions 
samples of 2-diethylaminoethyl isocyanide turned 
light yellow after one week.

Aromatic “isocyano dichlorides” (carbonimidyl 
chlorides) were prepared by Nef6 by treating aro
matic isocyanides with chlorine in cold chloroform 
solution. These compounds have been more con
veniently prepared by the reaction of isothio
cyanates with chlorine.15 No aliphatic carbon
imidyl chlorides have been reported before.

Passing a stream of chlorine through chloroform 
solutions of lib  and lie resulted in the precipitation 
of rather pure V-(3-dimethylaminopropyl) carbon
imidyl chloride and V-(2-diethylaminoethyl)car- 
bonimidyl chloride. Both compounds are very 
hygroscopic. Treatment of 3-diethylaminopropyl 
isocyanide with either chlorine or bromine gave by 
contrast only gummy substances that could not be 
purified.

Isocyanides are known to give tetrazoles when 
treated with hydrogen azide.16 Under such condi
tions, Ha, lib , and lie  gave the corresponding 1- 
dialkylaminoalkyltetrazoles smoothly.

IIN, ci.
R—N-----CH -c—  R —NC — > R —N=CC12

Tetrazoles are reported to have characteristic 
absorption in the 9 to 10 p region of the infrared,17 
where they may have from one to three bands. 
The foregoing tetrazoles (as films) also absorb in 
this region, and each showed a band at 1100 cm.“ 1 
(9.08 p), which is found in the spectra of the corre
sponding isocyanides. In addition, the tetrazoles 
showed absorption at 3100-3130 cm.“ 1, which most

(14) C. Pertusi and E. Gastaldi, Chem. Ztg., 37, 609
(1913); Y. Otagiri, J. Chem. Soc. Japan, Pure Chem. Sect., 
70, 263 (1949).

(15) E. Sell and G. Zierold, Per., 7, 1228 (1874); R. Bly,
G. Perkins, and W. Lewis, J. Am. Chem. Soc., 44, 2896
(1922); G. Dyson and T. Harrington, J . Chem. Soc., 191 
(1940), 150 (1942).

(16) (a) E. Oliveri-MandaB, Atti acad. Lincei, 191, 228
(1910), Chem. Abstr., 4, 2455 (1910). (b) E. Oliveri-MandaB, 
and B. Alagna, Gazz. chim. ital., 4011, 441 (1910). (c) F. G. 
Fallon and R. M. Herbst, J. Org. Chem., 22, 933 (1957).
(d) F. G. Fallon, Ph.D. Thesis, Michigan State University, 
1956.

(17) E. Lieber, D. Levering, and L. Patterson, Anal. 
Chem., 23, 1594 (1951).
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likely is due to the C—H stretching frequency of 
the ring carbon (the usual C—H absorption was 
also present, at 2800-3000 cm.-1). Somewhat similar 
observations have been report ed by Herbst and Fal
lon. 16(1

Most samples of the foregoing tetrazoles also 
showed puzzling absorption at 2040 cm.-1, al
though the samples were repeatedly distilled and 
gave correct analyses. These bands are undoubtedly 
due to impurities, however, for in one case the 
sample was obtained free of such absorption by 
careful cleaning of the distillation column im
mediately prior to collecting the reference cut; 
this technique was not successful with all samples. 
During the distillation of some of the crude samples 
of l-(3-diethylaminopropyl)tetrazole, decomposi
tion became evident at a bath temperature of 140° 
and a pressure of 0.3 mm., with concomitant dis
tillation of a small amount of yellow, foamy, viscous 
liquid, prior to the actual distillation of the tetra- 
zole fraction. The tetrazole which afterwards dis
tilled was identical in all respects to the other 
samples, except for the absence of the 2040 cm.-1 
infrared absorption. This band is thus presumably 
due to an azide contaminant that can decompose 
during distillation.

EXPERIMENTAL18

Preparation of isocyanides, (a) 8-Diethylaminopropyl iso
cyanide (Ha). A mixture of 40 g. of powdered potassium 
hydroxide and 100 ml. of benzene was placed in a 1-1. round- 
bottom flask equipped with a reflux condenser, drying tube, 
stirrer, and dropping funnel. The mixture was stirred and 
heated under reflux, and gradually a solution of 15.8 g. of
3-diethylaminopropylamine in 29 ml. of chloroform was 
added. At a point during the addition the reaction became 
violently exothermic. Heating was immediately discontinued, 
and the reaction was moderated but not quenched by cool
ing the mixture externally with ice water. The remainder 
of the chloroform solution was added at a rate to maintain 
vigorous refluxing, and the mixture was then allowed to 
stand until cool. I t  was then filtered, the brown, tarry pre
cipitate was washed with benzene, and the washings were 
added to the filtrate. Solvent was removed, and further 
distillation gave a fraction of b.p. 87-107°/45 mm., and a 
tarry residue. Attempted further distillation of this residue 
at 1.0 mm. resulted only in decomposition. The distillate 
was redistilled to give 2.49 g. of 3-diethylaminopropylamine, 
2.37 g. of mixture of b.p. 86-105°/45 mm., and 2.99 g. 
(20.5%) of 3-diethylaminopropyl isocyanide, b.p. 105- 
107°/45 mm. This product was a clear, colorless liquid hav
ing the typical isocvanide infrared absorption band at 2150 
cm.-1 (4.65 y).

Anal. Calcd. for C8LII6N2: C, 68.51; H, 11.51; N, 19.98. 
Found: C, 68.67; H, 11.64; N, 20.06.

(b) 8-Dimethylaminopropyl isocyanide (lib). The reac
tion of a solution of 14.9 g. of 3-dimethylaminopropylamine 
in 29 ml. of chloroform with a mixture of 40 g. of powdered 
potassium hydroxide and 100 ml. of benzene was carried 
out as in (a) to give 2.10 of 3-dimethylaminopropvlamine,
1.89 g. of mixture of b.p. 65-86°/55 mm., and 1.80 g. (11%) 
of 3-dimethylaminopropyl isocyanide, b.p. 86-88°/55 mm.

(18) All melting points are corrected. Infrared spectra of 
solids are of Nujol mulls, and of liquids are of thin films. 
Analyses are by Spang Microanalytical Laboratory, Ann 
Arbor.

This product wras a clear, colorless liquid showing infrared 
absorption at 2150 cm.-1

Anal. Calcd. for C6H i2N2: C, 64.23; H, 10.80; N, 24.97. 
Found: C, 64.19; H, 10.84; N, 25.04.

(c) 2-Diethylaminoethyl isocyanide (lie). A solution of
17.9 g. of 2-diethvlaminoethylamine in 40 ml. of chloroform 
was treated with a mixture of 55 g. of powdered potassium 
hydroxide and 140 ml. of benzene as in (a), and gave 4.05 g. 
of 2-diethylaminoethylamine, 1.60 g. of fraction of b.p. 
64-94°/45 mm., and 2.90 g. (14.8%) of diethylaminoethyl 
isocyanide, b.p. 94-95°/45 mm. The clear, colorless product 
gradually became yellow when stored at room temperature, 
even in a sealed ampoule; it showed infrared absorption at 
2150 cm.-1

Anal. Calcd. for C,H„N2: C, 66.62; H, 11.18; N, 22.20. 
Found: C, 66.72; H, 11.20; N, 22.18.

8-Diethylaminopropylformamide. A solution of 11.2 g. of
3-diethylaminopropylamine in 20 ml. of chloroform and 
20 ml. of methanol was prepared, and 40 g. of potassium 
hydroxide in 90 ml. of methanol was added over 0.5 hr.; 
the vigorous reaction which took place caused rapid re
fluxing. The mixture was then cooled and filtered, and the 
solid was washed with fresh methanol. The combined fil
trates were concentrated by distillation until two layers 
became evident. The bottom layer was discarded, and the 
top layer was distilled to give 2.79 g. of recovered amine 
and 2.93 g. (22%) of 3-diethylaminopropylformamide, b.p. 
110-114°/1.3-1.6 mm. A sample prepared for analysis had 
b.p. 116-118°/2 mm., and showed infrared absorption at 
3250 cm.-1 (N—H), 1540 cm.-1 (N—H), and 1670 cm.-1 
(amide carbonyl).

Anal. Calcd. for C8HI8N20 : C, 60.72; H, 11.46; N, 17.71. 
Found: C 60.97; H, 10.84; N, 17.87.

This substance was identical in boiling point and infra
red spectrum with a sample prepared by heating and dis
tilling a mixture of 3-diethylaminopropylamine and excess 
formic acid, stirring the viscous distillate with ether and 
solid potassium hydroxide until the initially two liquid 
phases had become one, filtering, and redistilling.

Anal. Found: C, 60.77; H, 11.61; N, 17.74.
8-Dimethylaminopropylformamide. A mixture of 3-di

methylaminopropylamine and excess formic acid was heated 
for 1.5 hr., water and formic acid were removed by distil
lation, and the residue was mixed with ether (twro phases) 
and stirred with powdered potassium hydroxide. Filtration 
and distillation gave a colorless liquid, b.p. 92-95° at 0.7 
mm., showing infrared absorption at 3275, 1540, and 1665 
cm.-1

Anal. Calcd. for C6Hi4N20 : C, 55.35; H, 10.84; N, 21.52. 
Found: C, 55.40; H, 10.67; N, 21.58.

A substance of identical boiling point was obtained from 
distillation of the pot-residue from the preparation of 3- 
dimethylaminopropyl isocyanide described herein. The 
crude distillate from an experiment with 26.8 g. of amine 
weighed 1.18 g., b.p. 84-88° at 0.3 mm. I t  w-as diluted with 
ether, stirred with cuprous chloride to remove isocyanide 
contamination, dried over sodium hydroxide, and distilled 
at 92-94° at 0.7 mm. for comparison. Although the infra
red speewum was identical with that of 3-dimethylamino- 
propylformamide, except for a difference in the relative 
intensities of the C—H and N—H stretching bands, the 
analysis was not in agreement; it was not further invest!-

Anal. Found: C, 57.30, 57.39; H, 10.39, 10.35.
Hofmann synthesis with S-aminopropanol. When 11.0 g. 

of 3-aminopropanol was treated with chloroform and 
methanclic potassium hydroxide in the usual manner, there 
was recovered 1.86 g. of unreacted 3-aminopropanol-1, b.p. 
112-113° at 40 mm. Further distillation gave a mixture 
showing spectral characteristics of both amide and isocya
nide, wt. 0.8 g., b.p. 70° at 0.6 mm., and 1.90 g. of an oil, 
b.p. 142-146° at 0.7 mm., showing infrared absorption typi
cal of amides a t 1540 and 1660 cm.-1 and O—H  absorption 
at 3280 cm.-1 The last substance may be 3-hydroxypropyl-
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formamide. Additional attempts to obtain more of these 
substances led only to recovered amino alcohol.

S-F'ormamidopropyl formate. A solution of 3-aminopro- 
panol in excess formic acid was refluxed for 2 hr. and then 
distilled to remove water and formic acid. Further distilla
tion gave a colorless, viscous distillate of b.p. 132-134°/ 
0.7 mm. and showing infrared absorption at 3280, 1665, and 
1720 cm.-1, consistent with the presence of N—H, ester 
carbonvl, and amide carbonyl.

Anal. Calcd. for C6H9N 03: C, 45.79; H, 6.92; N, 10.86. 
Found: C, 46.05; H, 7.15; N, 10.67.

N-Formamidopiperidine. A solution of 23.5 g. of A-amino- 
piperidine11 in excess formic acid was refluxed for 2 hr., and 
formic acid and water were removed by distillation. Fur
ther distillation gave 19.9 g. (70%) of an oil, b.p. 111- 
114°/1 mm., which soon solidified to a white solid, m.p. 
75-77.5°. An analytical sample, m.p. 77-78°, was obtained 
by several recrystallizations from petroleum ether.

'Anal. Calcd.' for C6H,2N20 : C, 56.22; H, 9.45; N, 21.86. 
Found: C, 56.28; H, 9.42; N, 21.79.

Attempts to convert A-formamidopiperidine to an iso- 
cvanide by dehydration via the imidyl chloride, using 
phosphoryl chloride with excess pyridine or tricthylamine, 
were completely unsuccessful.

N-p-Chlorophenyllenzimidyl chloride,19 This compound was 
prepared according to a procedure reported for A-phenyl- 
benzimidyl chloride.20 The crude product was a pale green 
oil which solidified when chilled in an ice bath. I t  was dis
solved in ether and used directly for the preparation of its 
p-chlorophenyl ester.

p-Chlorophenyl N-p-Chlorophenylbenzimidate. To 20 ml. 
of absolute alcohol was added 1.21 g. of sodium. The solution 
was cooled and 6.8 g. of p-chlorophenol rvas added. An ethe
real solution of the imidyl chloride prepared from 4.5 g. of 
benz-p-chloroanilide was then added. The mixture was 
stirred for several hours after the initial boiling had subsided, 
and was then filtered. Distilling the ether from the filtrate 
and chilling the residue gave 4.3 g. (64%) of pale yellow 
rods, m.p. 70-72°; Chapman13 reports 68-69°.

N,N-Bis(p-chlorophenyl)benzaniide and p,p'-Dichlorodi- 
phenylamine. By the general method of Chapman,21 13.9 
g. of p-chlorophenyl A"-p-chIorophenylbenzimidate was re
arranged to the diarylbenzamide, which on recrystallization 
from ethanol gave 10.8 g. (78%) of product, m.p. 155- 
156°. Claus and Schaare22 prepared this compound by 
chlorination of A,Ar-diphenylbenzamide, and reported m.p. 
153-154°; in our hands their method was unsuccessful.

Hydrolysis of 16.6 g. of the foregoing A,A-bis(p-chloro- 
phenyl)benzamide by the method of Chapman23 and recrys
tallization of the crude product from petroleum ether gave
10.8 g. (94%) of long, straw colored needles, m.p. 79-81°. 
Chapman reports 78-79°.13

N-Nilrosobis(p-chlorophenyl)amine. Dichlorodiphenyl- 
amine was nitrosated by the procedure reported by Fischer 
for nitrosating diphenylamine.24 The initially oily product 
solidified when agitated and chilled; dilution of the reaction 
mixture with water caused a further amount to precipitate. 
The yellow solid -was collected, washed with water, dried in 
air, and crystallized from petroleum ether (b.p. 60-75°) to 
give yellow plates, m.p. 81-82°, in yields of about 95% in 
several trials.

Anal. Calcd. for C;2H8X,0C12: C, 53.96; H, 3.02. Found: 
C, 54.19; H, 3.09.

l,l-Bis(p-chlorophenyl)hydrazine. A-Nitroso-p,p'-di- 
chlorodiphenylamine was reduced by the procedure used 
by Poirier and Benington12 with A-nitrosodiphenjdamine.

(19) H. Ley, Ber., 31,241 (1898).
(20) 0 . Wallach and M. Hoffmann, Ann.. 184, 79 (1877).
(21) A. W. Chapman, J. Chem. Soc., 1743 (1927).
(22) A. Claus and H. Schaare, Ber., 15, 1285 (1882).
(23) A. W. Chapman, J. Chem. Soc., 569 (1929).
(24) E. Fischer. Ann., 190, 174 (1878): A. Laehman, Ber., 

33, 1022 (1900).

From 10 g. of nitroso compound in 50 ml. of dry ether and a 
slurry of 2.0 g. of lithium aluminum hydride in 75 ml. of 
ether, the desired hydrazine was obtained and isolated as 
its hydrochloride, dec. 158°. The free hydrazine was ob
tained by stirring a mixture of the hydrochloride, aqueous 
sodium hydroxide, and ether until no more undissolved 
hydrochloride •was present, extracting the aqueous layer with 
ether, and evaporating the combined extracts on a steam 
bath. A white, crystalline mass was obtained on cooling. 
Recrystallization from petroleum ether (60-75°) gave white 
needles, m.p. 92.5-94°, in yields of about 70% in several 
trials. Infrared absorption occurred at 3200 and 3500 cm.-1

Anal. Calcd. for Ci2H ioX2C12: C, 56.94; H, 4.27; X, 11.07. 
Found: C, 57.21; H, 4.05; X, 11.26.

The compound formed a benzoyl derivative, m.p. 219- 
219.5° from benzene; decomposition, as evidenced by a pink 
discoloration, began shortly after preparation, and may 
have affected the analysis.

Anal. Calcd. for C,5H„X2C12: C, 63.87; H, 3.95. Found 
C, 63.36; H, 3.82.

With acetone, the hydrazine gave acetone bis-(p-chloro- 
phenylfhydrazone, m.p. 79-79.5° from petroleum ether 
(b.p. 60-75°).

Anal. Calcd. for C,5H14X2C12: C, 61.45; H, 4.81; X, 9.56. 
Found: C, 61.74; H, 4.82; X, 9.55.

2,2-Bis(,p-chlorophenyl)forinhydrazide. A mixture of 1,1— 
bis(p-chlorophenyl)hydrazine and excess 98% formic acid 
wras refluxed for 2 hr. Cooling caused precipitation of the 
product, -which was washed with water, air-dried, and re- 
crystallized from benzene to give a fluffy matted mass of 
white rods, m.p. 212.5-213°. Attempts to convert this com
pound to an isocyanide via the imidyl chloride by reaction 
with phosphoryl chloride and pyridine or triethylamine 
were unsuccessful.

Anal. Calcd. for Ci3H i0X2OC12: C, 55.54; H, 3.59; X, 
9.97. Found: C, 55.53; H, 3.50; N, 10.00.

Ar-(3-Dimethylaminopropyl)carboninudyl dichloride. A solu
tion of 1.44 g. of 3-dimethylaminopropyl isocvanide in 11 
ml. of chloroform was well cooled in an ice bath, and a stream 
of chlorine was bubbled through until the solution was 
yellow. The resulting precipitate was filtered off, dried in 
air for an hour, and then in vacuo, to give 1.45 g. (62%) of a 
white, electrostatically charged powder, m.p. 130.5-132°. 
I t  was very hygroscopic.

Anal. Calcd. for C6H12X2C,12: C, 39.36; H, 6.61; X, 15.30. 
Found: C, 39.48; H, 6.76; N, 15.41.

N-(2-Diethylaminoethyl)carbonimidyl dichloride. A solu
tion of 4.10 g. of 2-diethylaminoethyl isocvanide in 30 ml. of 
chloroform was well cooled in an ice bath, and a stream of 
chlorine was passed through until saturation. The resulting 
precipitate was collected, washed with cold chloroform, 
dried in air for an hour and then in vacuo to give 4.06 g. 
(64%) of a white solid, m.p. 117-119°. After recrystalliza
tion from chloroform it had m.p. 120-122° and was very 
hygroscopic.

Anal. Calcd. for C7HUN2C12: C, 42.65; H, 7.15; N, 14.22. 
Found: C, 42.71; H, 7.31; X, 14.26.

l-(3-Diethylaminopropyl)letrazole. A solution of 6.7 g. of
3-diethvlaminopropyI isocvanide in 40 ml. of benzene was 
cooled in an ice bath, and 60 ml. of a 10% solution of hydro
gen azide in benzene was added gradually. After standing 
overnight, the mixture had separated into two layers. The 
upper Iajmr was decanted and discarded, and the lower was 
distilled to give 4.8 g. (55%) of a yellow liquid, b.p. 150- 
153° at 0.8 mm. Redistillation gave a colorless sample, b.p. 
135-138° at 0.3 mm., that burned in a flame with sputtering.

Anal. Calcd. for CSH „N 5: C, 52.43; H, 9.35; X, 38.22. 
Found: C, 52.47; H, 9.22; N, 38.26.

l-(3-Dimethylaminopropijl)tetrazole. In the manner just 
described, 5.0 g. of 3-dimethylaminopropyl isocyanide gave
4.2 g. (61%) of tetrazole in the form of a colorless liquid, 
b.p. 116-120° at 0.2 mm., that burned in a flame with 
sputtering.
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Anal. Calcd. for C6H j3N5: C, 46.43; H, 8.44; N, 45.13. 
Found: C, 46.36; H, 8.51; N, 45.17.

l-(2-Diethylaminoethyl)telrazole. In the manner just de
scribed, 12.2 g. of 2-diethylaminoethyl isocyanide was 
treated with hydrogen azide; the reaction mixture stayed as 
one phase. The benzene and excess hydrogen azide were dis

tilled off, and further distillation gave 11.2 g. (69%) of a 
pale yellow liquid, b.p. 128-132° at 0.3 mm.

Anal. Calcd. for CVH15N5: C, 49.68; H, 8.93; N, 41.39. 
Found: C, 49.43; H, 8.67; N, 41.53.

A n n  A r b o r , M ic h .

[ C o n t r i b u t i o n  f r o m  t h e  S c h o o l  o f  C h e m i s t r y  o f  t h e  U n i v e r s i t y  o f  M i n n e s o t a ]
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Preparations of mono- and di-.Y-oxides of pyrazine, 2-methylpyrazine, and 2,5-dimethylpyrazine, and of mono-.Y-oxides 
of pyrimidine and pyridazine are described. The oxides of methylated pyrazines undergo normal Boekelheide rearrangement 
with acetic anhydride, forming acetoxymethylpyrazines, but all of the oxides were resistant to nitration. A strong absorption 
at 1230-1325 cm.-1 appears to be characteristic of the A-oxide function.

Heteroaromatic iV-oxides have been studied ex
tensively in recent years,2 but little is known about 
the A-oxides of simple diazines.3 Preparations and 
a few reactions of some of these substances are de-
scribed in the present paper.

i N*l ìT ^ ì
l  J y J 1

N N N
I II III

Pyrazine (I), 2-methylpyrazine, and 2,5-di-
methylpyrazine yielded mainly mono-oxides when 
treated with one equivalent of hydrogen peroxide 
in hot acetic acid. As expected, two isomeric mono
oxides of 2-methylpyrazine were formed. In each 
preparation, small amounts of the corresponding 
dioxides were also produced, and these com
pounds were obtained in good yields when excess 
hydrogen peroxide was used.

Pyrimidine (II) was destroyed by hydrogen 
peroxide in hot acetic acid, but at room tempera
ture it furnished 6.5% of its mono-oxide (m.p. 
95-96°) together with 2.5% of 4(3) pyrimidone; a 
di-oxide could not be obtained. The yield (11%) 
and m.p. (85-88°) of pyrimidine mono-oxide re
ported recently3j were not duplicated, but the prod

(1) From the Ph.D. thesis of W. H. Gunprecht, July 
1957.

(2) C. C. J. Culvenor, Revs. Pure and Appl. Chem. (Aus- 
tralia), 3, 83 (1953); E. Ochiai, J. Org. Chem., 18, 534 (1953); 
A. R. Katritzky, Quart. Revs., 10, 395 (1956); M. Colonna, 
Bull. sci. soc. chim. ind. Bologna, 15, 1 (1957).

(3) (a) E. Ochiai, M. Ishikawa, and S. Zai-Ren, J. Pharm. 
Soc. Japan, 65, 73 (1945); (b) G. T. Newbold and F. S. 
Spring, J . Chem. Soc., 1183 (1947); (c) R. A. Baxter, G. T. 
Newbold, and F. S. Spring, J. Chem. Soc., 1859 (1948); (d)
W. Sharp and F. S. Spring, J. Chem. Soc., 932 (1951); (e) 
G. T. Newbold, W. Sharp, and F. S. Spring, J. Chem. Soc., 
2679 (1951); (f) E. Ochiai and H. Yamonaka, Pharm. Bull. 
(Tokyo), 3, 175 (1955); (g) W. F. Beech,J. Chem. Soc., 3094 
(1955); (h) J. K. Landquist, J. Chem. Soc., 1885 (1956);
(i) G. Karmas and P. E. Spoeri, J. Am. Chem. Soc., 78, 
4071 (1956); (j) R. H. Wiley and S. C. Slavmaker, J. Am. 
Chem. Soc., 79, 2233 (1957).'

uct obtained in the present work had the same in
frared absorption as that described.

Pyridazine (III) gave only a mono-oxide, the best 
yield being obtained by oxidation at room tem
perature

2.5- Dimethylpyrazine mono-oxide formed 1:1 
addition products with hydrogen chloride, methyl 
iodide, or benz3-l chloride. Spectral studies did not 
permit a definite decision as to the point of attach
ment of the electrophilic reagent, but basification of 
the benzyl chloride adduct gave no benzaldehyde, 
indicating that salt formation had involved the 
unoxidized nitrogen atom. A similar conclusion re
garding salt formation was reached by Landquist31 3* 
in his study of quinoxaline mono-oxide.

2.5- Dimethylpyrazine mono-oxide reacted with 
acetic anhydride to form 2-acetoxymethyl-5- 
methylpyrazine, the product expected lay analogy 
with Boekelheide’s work in the pyridine series.4 
The same substance, together with 2,5-bisacetoxy- 
methylpyrazine was obtained from 2,5-dimethyl
pyrazine dioxide. 2-Acetoxymethyl-5-methylpyra- 
zine dioxide was partly deoxidized by acetic an
hydride giving 2,5-bisacetoxymethylpyrazine and 
its mono-oxide and 2-acetoxymethyl-5-methylpyra- 
zine mono-oxide.

Assignment of structures to the two isomeric 
mono-oxides of 2-methylpyrazine was based on re
actions with acetic anhydride. 2-Methylpyrazine-
1- oxide (m.p. 43-45°) gave an acetate saponified to
2- hydroxymethylpyrazine, which showed strong 
broad —OH absorption at 3300 cm.-1 2-Methyl- 
pyrazine-4-oxide (m.p. 91-92°) gave an acetate 
saponified to 5-methyl-2(l)-pyrazinone, showing 
weak absorption at 1660 cm.-1

Corresponding to observations of Adams and 
Miyano5 in the pyridine series, 2,5-dimethylpyra-

(4) V. Boekelheide and W. J. Linn, J. Am. Chem. Soc., 
76, 1286 (1954).

(5) R Adams and S. Miyano, J. Am. Chem. Soc., 76, 
3168 (1954).
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zine dioxide reacted with benzaldehyde in presence 
of sodium hydroxide, whereas dimethylpyrazine 
itself was not affected; the product was 2,5- 
distvrylpyrazine dioxide. Strangely, 2,5-dimethyl- 
pyrazine mono-oxide yielded 2,5-distyrylpyrazine 
mono-oxide, and no evidence for superior reactivity 
of one of the methyl groups was obtained.

Nitration of 2,5-dimethylpyrazine dioxide could 
not be accomplished. The compound was recovered 
quantitatively after it had been kept for one hour 
at 50° with sodium nitrate in excess sulfuric acid; 
and 75% of it was recovered after 16 hr. at 70° 
with the same reagent.

Infrared absorption of iV-oxides has been found 
by Clerno and Daglish6 in the regions 1350-1390 
and 1040-1090 cm.-1, whereas Sartori, Costa, and 
Blasina7 found it in the region 1240-1310 cm.-1 
Observations in the present work agree with the lat
ter assignment only. All of the oxides examined 
showed an absorption band, usually strong, at 
1230-1325 cm.-1, which was absent in the spec
trum of the parent diazine.

EXPERIMENTAL

Pyrazine mono-oxide. A solution of 14.2 g. of 30% hydrogen 
peroxide in 100 ml. of acetic acid was added dropwise during
2.5 hr. to a solution of 10 g. of pyrazine in 125 ml. of acetic 
acid at 70-80°. Heating was continued for about 5 hr. or 
until starch-iodide showed no peroxide. Acetic acid was then 
removed by distilling at 100° under reduced pressure, adding 
200 ml. of water, and repeating the distillation. The residue 
was dissolved in 500 ml. of hot chloroform and dried with a 
mixture of sodium sulfate and sodium carbonate. Concentra
tion of the solution to 150 ml. gave a small amount of crude 
dioxide, and more of this (0.6 g .) was obtained by exhaustive 
extraction of the drying agents.

Evaporation of the chloroform left 8.6 g. of crude mono
oxide, and recrystallization from benzene gave the pure 
compound; colorless needles, m.p. 113-114°; strong ab
sorption at 1305 cm.-1 (CHC13).

Anal. Calcd. for C4H4N20 : C, 50.0; H, 4.2: X, 29.16. 
Found: C, 50.3; H, 4.2; X, 28.4.

Pyrazine dioxide. Oxidation of 5 g. of pyrazine in 40 ml. of 
acetic acid with 14.3 g. of 30% hydrogen peroxide at 70° for 
24 hr. gave 6.3 g. of crude solid product. Soxhlet extraction 
with 60-68° ligroin removed 2.76 g. of mono-oxide, and 
crystallization of the residue gave 2.97 g. of pure dioxide, 
colorless needles from methanol, m.p. 285-295°; strong ab
sorption at 1270 cm.-1 (Nujol).

Anal. Calcd. for C4H4N20 2: C, 42.8; H, 3.6; N, 25.0. 
Found: C, 42.7; H, 3.7; N, 24.6.

2-M ethylpyrazine oxides. Oxidation of 22.5 g. of 2-methyl- 
pyrazine in 275 ml. of acetic acid with 26 g. of 35% hydro
gen peroxide a t 70-80° for 8 hr. gave 24 g. of yellow oil 
which slowly crystallized. Soxhlet extraction with 30-40° 
ligroin left 2.2 g. of crude 2-methylpyrazine dioxide which 
was purified by sublimation at 140° and 0.1 mm. I t formed 
colorless needles, m.p. 230-231°; strong absorption at 1260 
cm.-1 (Xujol).

Anal. Calcd. for C..H6X202: C, 47.6; H, 4.8; X, 22.2. 
Found: C, 47.8; H, 4.8; X, 22.1.

Evaporation of the ligroin extract left 18.7 g. of mixed 
mono-oxides. These were separated by fractional distillation

(6) G. R. Clemo and A. F. Daglish, / .  Chem. Soc., 1481
(1950).

(7) G. Sartori, G. Costa, and P. Blasina, Gazz. chim.. Hal., 
85, 1085 (1955).

followed by crystallization from ether. The first fraction 
(9.15 g., b.p. 114-116° a t 7 mm.) gave 4.85 g. of 2-methyl- 
pyrazine-4-oxide; large colorless prisms, m.p. 91-92°; 
strong absorption at 1300 cm.-1 (CHC13).

Anal. Calcd. for C5H6X20 : C, 54.5; H, 5.5. Found: C, 
54.5; H, 5.6.

The second fraction (4.9 g., b.p. 109-110° at 5 mm.) was 
combined with the material in the mother liquor from the 4- 
oxide and crystallized several times, giving 5.7 g. of 2- 
methylpyrazine-l-oxide, fine needles, m.p. 43-45°; strong 
absorption at 1305 cm.-1 (CHC13). A mixture of the isomeric 
mono-oxides had m.p. 41-85°.

Anal. Calcd. for C6H6X20 : C, 54.5; H, 5.5; X, 25.4. Found: 
C, 54.5; H, 5.4; X, 25.2.

Reaction of 2-methylpyrazine-i-oxide with acetic anhydride. 
A mixture of 3.6 g. of the oxide with 10 ml. of acetic anhy
dride was boiled for 30 min. and then kept at room tempera
ture for 3 days. Evaporation at 100° under reduced pressure 
left a viscous black residue which was distilled at 10 mm., 
giving 2.9 g. of an orange oil. A solution of this crude acetate 
in 30 ml. of 10% sodium hydroxide was kept under nitrogen 
for three days, then neutralized with carbon dioxide and 
evaporated. Extraction with chloroform and distillation 
gave 1.7 g. of 2-hydroxymethylpyrazine, a colorless oil, b.p. 
64-66° at 0.3 mm. The ultraviolet spec+rum (95% alcohol) 
had bands at 2200 A, t = 4200, and 2650 A, e = 7300, with a 
shoulder at about 3000 A, f = 1100.

Anal. Calcd. for C3H6N20 : C, 54.5; H, 5.5. Found: C, 
54.7; H, 5.7.

Reaction of 2-methylpyrazine-4-oxide with acetic anhydride. 
A mixture of 4.5 g. of the oxide with 10 ml. of acetic anhy
dride was processed as described for the isomeric oxide. 
There was obtained 3.0 g. of crude distilled acetate, and 
hydrolysis of this gave 1.9 g. of 5-methyl-2( 1 )-pyrazinone, 
colorless needles from ether, m.p. 68-69°. The compound 
gave no color with ferric chloride; its ultraviolet spectrum 
(95% alcohol) had bands at 2220 A, e = 13000, and 2700
A, e = 12600.

Anal. Calcd. for C5H6X20 : C, 54.5; H, 5.5. Found: C, 
54.6; H, 5.7.

2.5- Dimethylpyrazine mono-oxide. A solution of 132 g. of
2.5- dimethylpyrazine and 132 ml. of 30% hydrogen per
oxide in 3 liters of acetic acid was kept at 70-80° for 9 hr. 
and then evaporated under reduced pressure. Soxhlet ex
traction of the residue with 60-68° ligroin left a small 
amount of insoluble dioxide; the soluble part was recrystal
lized from 2-propanol giving 90 g. of the mono-oxide, color
less needles, m.p. 105-106° (reported311 105-108°); strong 
absorption at 1285 cm.-1 (Xujol).

Anal. Calcd. for C6HsX20 : C, 58.0; H, 6.5; X, 22.6. 
Found: C, 58.1; II, 6.6; X, 22.5.

Evaporation of a solution of the mono-oxide in concen
trated hydrochloric acid left 2,5-dimethylpyrazinium chlo
ride AT-oxide, which had m.p. 166-168° after repeated crystal
lization from alcohol. The spectrum (Nujol) had strong 
bands at 1900, 2000, 2200, and 2300 cm.-1 similar to those of
2.5- dimethylpyrazinium chloride, and one at 1800 cm.-1

Anal. Calcd. for C6H 9C1N20 : C, 44.9; H, 5.7; X, 17.4.
Found: C, 45.4; H, 5.9; X, 17.3.

The spectrum of AT-hydro.xy-4-picolinium chloride (color
less needles from alcohol; m.p. 120-122°; found: C, 49.7; 
H, 5.5; X, 9.4; C6HSC1X0 requires: C, 49.5; H, 5.5; X, 9.6) 
had a broad strong band at 1700-2500 cm.-1, not at all 
similar to the two spectra referred to above.

1,2,0-Trimethylpyrazinium iodide N-oxide, obtained in 
71% yield from 18 g. of the mono-oxide and 21 g. of methyl 
iodide in 30 ml. of dimethylformamide, formed yellow plates 
from alcohol, dec. 234-237°.

Anal. Calcd. for C7HuIX 0 2: C, 31.6: H, 4.2; X, 10.6. 
Found: C, 31.8; H, 4.4; X, 10.8.

1.2.5- Trimethylpyrazinium chloride N-oxide, from the io
dide with silver chloride in water, formed colorless plates 
from alcohol-ether, dec. 190°.
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Anal. Calcd. for C7H hC1X20 : C, 48.2; H, 6.4; N, 16.0. 
Found: C, 48.0; H, 6.7; N, 15.9.

The methochloride-oxide was recovered unchanged after 
8 hr. treatment with excess hydrogen peroxide in acetic acid 
at 80°.

1- Benzyl-2,5-dimethylpyrazinium chloride N-oxide, from 
the mono-oxide and excess benzyl chloride, kept at 60° for 
one week, formed colorless plates from alcohol, dec. 210- 
220°. Xo benzaldehyde was formed when this salt was 
warmed with aqueous alkali.

Anal. Calcd. for Ci3H15C1X20 : C, 62.2; H, 6.0; N, 11.2. 
Found: C, 62.3; H, 6.1; X, 11.2.

Attempted nitration of 1 g. of 2,5-dimethylpyrazine 
mono-.Y-oxide in 5 ml. of sulfuric acid containing 0.7 g. of 
sodium nitrate by heating for 1 hr. a t 70° gave back 0.92 g. 
of unchanged oxide. Using 1.4 g. of sodium nitrate and 
prolonging the heating to 14 hr. gave back 0.7 g. of oxide.

2,5-Distyrylvyrazine mono-N-oxide was obtained in a yield 
of 20% when a mixture of 5 g. of 2,5-dimethylpyrazine 
mono-oxide, 4.3 g. of benzaldehyde, one ml. of 5% sodium 
hydroxide, and 50 ml. of alcohol was kept at 60-70° for one 
week under nitrogen. I t  formed yellow needles from acetic 
acid, m.p. 243-245°. A mono-stvryl derivative could not be 
isolated from this or several other experiment using piperi
dine or triethylamine as catalysts.

Anal. Calcd. for C2oH i6X20 : C, 80.0; H, 5.4; X, 9.3. 
Found: C, 79.7; H, 5.5; X, 9.2.

Reaction of 2,5-dimethylpyrazine mono-N-oxide with acetic 
anhydride. A mixture of 50 g. of the oxide with 100 ml. of 
acetic anhj'dride was warmed under reflux until vigorous 
reaction started, and after this was over the black mixture 
was boiled for 1 hr. Acetic acid and anhydride were then re
moved under reduced pressure and the residue was distilled, 
giving 24 g. of light yellow' oil and a carbonaceous residue. 
Redistillation gave mainly 2-acetoxymethvl-5-methylpy- 
razine, b.p. 70-71°, at 0.4 mm.; nsD5 1.5057.

Anal. Calcd. for C8Hl0X2O2: C, 57.8; H, 6.1; N, 16.9. 
Found: C, 57.5; H, 6.1; N, 17.0.

Saponification of 1 g. of the ester with 10 ml. of 10% so
dium hydroxide under nitrogen at room temperature for two 
days, and exhaustive extraction with ether gave 2-hydroxy- 
methyl-5-methylpyrazine; purified by microdistillation at
0.5 mm., the compound had m.p. 36-39°.

Anal. Calcd. for C6H8X20 : C, 58.0; H, 6.5; X, 22.6. 
Found: C, 58.0; H, 6.6; X, 22.6.

2- Acetoxymethyl-5-methylpyrazine di-N-oxide was obtained 
in 80% yield w'hen a solution of 3 g. of 2-acetoxvmethyl-5- 
methylpyrazine and 5 ml. of 30% hydrogen peroxide in 30 
ml. of acetic acid was kept at 80° for 10 hr. I t  formed color
less plates from alcohol, m.p. 242-243°.

Anal. Calcd. for C8Hi„X20 4: C, 48.5; H, 5.1; X, 14.1. 
Found: C, 48.3; H, 5.3; N, 141.1

Hydrolysis of the ester with 0.1% sulfuric acid by keeping 
under nitrogen for one month gave 55% of 2-hydroxymeth- 
ylpyrazine di-iV-oxide, colorless plates from alcohol, m.p. 
226-228°.

Anal. Calcd. for C6H8X20 3: C, 46.2; H, 5.2; N, 17.9. 
Found: C, 46.6; H, 5.2; X, 17.9.

Reaction of 2-acetoxymethyl-5-methylpyrazine di-N-oxide 
with acetic anhydride. A mixture of 31.5 g. of the dioxide with 
53 ml. of acetic anhydride w'as treated in the same way as 
described for the mono-oxide acetylation. The crude distil
late (23.7 g.) crystallized when it was cooled. Recrystalliza
tion from alcohol gave 5.3 g. of 2,5-diacetoxymethylpyrazine 
mono-N-oxide, colorless needles, m.p. 113-114°.

Anal. Calcd. for C,„H,2N20 5: C, 50.0; H, 5.0; X, 11.7. 
Found: C, 50.0; H, 5.3; X, 11.9.

Redistillation of the material in the alcoholic mother 
liquor followed by chromatography on alumina gave 1.2 g. 
of 2,5-diacetoxymethylpyrazine, m.p. 80-81° (see below) 
and 1.1 g. of a mono-N-oxide of 2-acetoxymethyl-5-methyl- 
pyrazine, colorless needles from ether, m.p. 96-97°.

Anal. Calcd. for C8H10X2O3: C, 52.7; H, 5.5; X, 15.4. 
Found: C, 53.4; H, 5.7; X, 15.2.

Confirmation for the structure as a mono-oxide was found 
in the observation that oxidation with hydrogen peroxide in 
hot acetic acid gave the dioxide m.p. 242-243° also obtained 
in a different w'ay as described above.

2,5-Dimdhylpyrazine di-N-oxide. This substance was ob
tained in 90% yield by the method of Xewbold and Spring.3b 
I t was not changed w-hen it was kept a t 70° for one week 
with methyl iodide alone or in dimethyl formamide. It did 
not react with phenyl magnesium bromide even in hot ani- 
sole. It was recovered nearly quantitatively when attempts 
to nitrate it were made.

When a mixture of 5 g. of the dioxide, 7.6 g. of benzalde
hyde, 1 ml. of 5% sodium hydroxide, and 50 ml. of alcohol 
was kept under nitrogen for three days, there was formed
7.5 g. of 2,5-distyrylpyrazine di-A"-oxide, yellow needles 
from acetic acid, dec. 284-287°.

Anal. Calcd. for CajHieXiiCh: C, 75.9; H, 5.1; X, 8.9. 
Found: C, 75.8; H, 5.2; N, 8.6.

Distyrylpyrazine dioxide (0.5 g.) boiled in chloroform with 
2 ml. of phosphorus trichloride gave 0.3 g. of distyrylpyra
zine, yellow plates from benzene, m.p. 218-219° (re
ported8 218-219°). I t was found that the compound was con
verted into a colorless insoluble polymer (?) dec. 331-333° 
when the solid was exposed for a few hours to ultraviolet 
light. The polymer was analyzed without purification.

Anal. Calcd. for (C20H16X2O2): C, 75.9; H, 5.1; N, 8.9. 
Found: C, 75.8; H, 5.2; X, 8.6.

Reaction of 2,5-dimethylpyrazine di-N-oxide with acetic 
anhydride. A mixture of 20 g. of the dioxide with 48 g. of 
acetic anhydride reacted vigorously and became black when 
it was heated. I t  was boiled for 1 hr. and then distilled, 
giving 15.2 g. of light yellow oil and a carbonaceous residue. 
Fractionation of the oil gave 3.25 g. of 2-acetoxymethyl-5- 
methylpyrazine, b.p. 70-72° at 0.3 mm., and 4.92 g. of 2,5- 
diacetoxymethylpyrazine, b.p. 123-124° at 0.5 mm., the lat
ter formed colorless plates from ether, m.p. 80-81°.

Anal. Calcd. for C10Hi2N2O4: C, 53.6; H, 5.4; N, 12.5. 
Found: C, 53.5; H, 5.4; X, 12.7.

The diacetoxv compound was saponified when its solution 
in 10% sodium hydroxide was kept under nitrogen for one 
week. Exhaustive extraction with ether gave 2,5-dihydroxy- 
methylpyrazine, colorless needles from chloroform, m.p.
88-89°.

Anal. Calcd. for C6H8N20 2: C, 51.4; H, 5.8; X, 20.0. 
Found: C, 51.5; H, 6.0; N, 19.9.

Pyrimidine mono-N-oxide. A solution of 6.5 g. of pyrimidine 
and 9.3 g. of 30% hydrogen peroxide in 150 ml. of acetic acid 
was kept at room temperature for 15 days and then evapo
rated under reduced pressure. The oily residue was basified 
with dilute sodium carbonate (ammonia evolution), evapo
rated again, and extracted with chloroform in a Soxhlet. 
Evaporation of the chloroform left a partly crystalline 
residue which was extracted with hot cyclohexane. The in
soluble part (0.2 g.) was 4(3) pyrimidone, m.p. 165-166° 
(reported9 163-165°) and showed an infrared spectrum 
identical w'ith that reported10 for this substance. The soluble 
part (0.5 g.), was pyrimidine mono-.Y-oxide, colorless needles 
from cyclohexane, m.p. 95-96°; strong absorption at 1260 
cm .-1 (CHCls).

Anal. Calcd. for C4H4N20 : C, 50.0; H, 4.2; N, 29.2. 
Found: C, 49.7; H, 4.2; N, 28.9.

Pyridazine mono-N-oxide. A solution of 10.2 g. of py
ridazine and 14.5 g. of 30% hydrogen peroxide in 250 ml. 
of acetic acid was kept at room temperature for four w'eeks 
and til in evaporated. The residual oil was dissolved in 100 
ml. of water, made strongly basic with solid potassium hy

(8) R. Franke, Ber., 38, 3726 (1905).
(9) D. J. Brown, J. Soc. Chem. Ind., 69, 353 (1950).
(10) L. X. Short and H. W. Thompson, J. Chem. Soc., 

168 (1952).
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droxide, and extracted with ether. Distillation at 0.3 mm. 
gave 9.7 g. of mono-oxide, m.p. 38-39°. Experiments using 
two equivalents of hydrogen peroxide, or at higher tem
peratures gave the same mono-oxide in poorer yields. A 
solution in chloroform showed strong absorption at 1325 
cm.-1

Anal. Calcd. for C4H4N20 : C, 50.0; H, 4.2; X, 29.2* 
Found: C, 50.4; H, 4.1; N, 29.0.

Pvridazine mono-oxide reacted vigorously with phos
phorus oxychloride, but no pure product could be isolated.

M i n n e a p o l i s , M i n n .

[ C o n t r i b u t i o n  f r o m  t h e  S c h o o l  o f  C h e m i s t r y  o f  t h e  U n i v e r s i t y  o f  M i n n e s o t a ]

C on d en sation  o f  3 -A cety lcou m arin  w ith  A ceton e and A m in es1

C. F. KOELSCH a n d  HARLAN D. EMBREE

Received May 26, 1968

3-Acetylcoumarin reacts with acetone and certain primary amines to form JV-substituted derivatives of 9-amino-7-methyl-
6-dibenzo[6d]pyrone, I, in yields of 10-47%.

It has been shown that condensation of 3-cou- 
marincarboxylic acid with ketones and amines 
yields bridged 8-membered ring compounds.2

reacted according to (1) forming II, and piperidine 
yielded III, the self-condensation product of 3- 
acetylcoumarin.4

O NO

COOH
+

R

c h 2
CO

R

+ r n h 2 ~H ;0 ,

COOH

iI’ Rc h  V o
A q X .N - R  

R

(1)

Further, the reaction of 3-acetylcoumarin with 
ketones and amides yields pyridocoumarins.3

R

It has now been found that 3-acetylcoumarin re
acts with acetone and amines to form aminobenzo- 
coumarins, I.

CO RNH2
c h 3 c h 3

-2 H 20 
— Hz ,

The amines used were aniline (yield 12.6%), p- 
chloroaniline (15.8%), n-butylamine (10.5%), iso
propylamine (47%), and cyclohexylamine (40%). 
Other bases, ¿-butyl, benzyl, and hydroxyethvl- 
amine, gave no crystalline products. Ammonia

(1) From the Ph.D. Thesis of H. D. Embree, July 1952.
(2) C. F. Koelsch and M. C. Freerks, J. Org. Chem., 18, 

1538 (1953).
(3) C. F. Koelsch and S. A. Sundet, J. Am. Chem. Soc.,

72, 168 (1950).

C Ç C „

NHR

Ketones other than acetone were not thoroughly 
studied. Diethylketone with isopropylamine gave 
no crystalline product, whereas cyclohexanone, 
sterically prevented from forming a compound like 
I, reacted according to (1) forming IV.

The structures of the products were established 
by analysis and chemical properties. Although the 
substances were generally insoluble in dilute 
aqueous hydrochloric acid, crystalline hydrobro
mides and acetyl derivatives were formed. The 
lactone ring in I (R = C6H5) was opened when the 
compound was boiled with alcoholic alkali; acidifi
cation of the resulting solution regenerated I, 
whereas treatment with methyl sulfate gave a 
methoxy acid and a methoxy ester. Saponification 
of the ester was difficult but led to the methoxy acid.

That the products were secondary amines of 
structure I rather than V was proved by degrada-

(4) C. F. Koelsch and S. A. Sundet, J. Am. Chem. Soc., 
72, 1844 (1950).



NOVEMBER 1958 CONDENSATION OF 3-ACETYLCOUMARIN 1607

tion to VII. This was accomplished by pyrolysis of 
the hydrobromide of I (R = C3H7 and C6Hn), 
giving I (R = H). The primary amine was then 
deaminated (HX02, H3P02) to VII. For comparison 
VI and VII were synthesized by standard methods.

COCHa

In a previous study4 it was shown that reaction of 
acetone with 3-acetocoumarin involved a Michael 
reaction and an aldol cyclization, and the product 
was formulated as VIII. This product has now been 
found to react with isopropylamine to form I. 
R = C3H7. Although not conclusive evidence 
against VIII, this indicates that the aldol cycliza
tion took place in a different way, and that the com
pound formerly represented as VIII is actually IX.

EXPERIMENTAL

9-Anilino-7-methyl-6-dibenzo[bd]pyrone. I, R = Ct,Hs. A 
mixture of 94 g. of 3-acetylcoumarin, 91 ml. of aniline, 57 
ml. of acetic acid, and 500 ml. of acetone was stirred at room 
temperature for 24 hr. The orange precipitate was then re
moved, washed with acetone and alcohol, and dried. This 
material, 25 g., m.p. 220-246°, could not be purified. To 
convert it into I, 5 g. of it was stirred with 20 ml. of acetic 
acid at 80-100° for 3 hr. while a slow stream of air was 
passed through. Cooling to room temperature then gave 3.8 
g. of product, m.p. 266-270°. A sample distilled (b.p. 318- 
320° at 9 mm.) and recrystallized from pyridine had m.p.
271.5-272.5°.

Anal. Calcd. for C2oHi5X 02: C, 79.8; H, 5.0; N, 4.65. 
Found: C, 79.7; H, 5.3; N, 4.4.

The compound was nearly insoluble in common organic 
solvents, in hot aqueous alkali or 1 0 % hydrochloric acid. 
It was moderately soluble in chloroform or ethyl acetate, 
and quite soluble in hot dioxan, acetic acid, or pyridine. It 
dissolved in alcoholic sodium hydroxide giving a water- 
soluble salt from which the original compound was pre
cipitated by acids.

9-( p-Chloroanilino)-7-methyl-6-dibenzo [fid\pyrone was ob- 
tained from 9.4 g. of acet.ylcoumarin, 12.8 g. of p-chloro- 
aniline, 5.7 ml. of acetic acid, and 50 ml. of acetone. The in
termediate dihydro compound (3.4 g., m.p. 296-310°) was 
aerated in hot acetic acid. The product formed colorless 
needles from pvridine, m.p. 314-316° with darkening.

Anal. Calcd'. for C2„H14C1X02: C, 71.6; H, 4.2; X, 4.2. 
Found: C, 71.3; H, 4.1; N, 4.2.

9-n-Buty!amino-7-methyl-6-dibenzo[bd]pyrone. I, R  = 
CtH 9 . A mixture of 9.4 g. of 3 -acetylcoumarin, 7.3 g. of

butylamine, 5.7 ml. of acetic acid, and 50 ml. of acetone kept 
for 24 hr. gave 1.8 g. of solid product. Extraction of this with 
100 ml. of warm acetone left 0.1 g. of III, the self-condensa
tion product of acetylcoumarin, and concentration of the 
extract gave 1.63 g., m.p. 163-167°. A portion of this (0.56 
g. ) in 7 ml. of alcohol containing 0.23 g. of quinone was boiled 
for 30 min. Cooling gave 0.51 g. of nearly pure product, 
crystals from dilute acetic acid, m.p. 169-170°.

Anal. Calcd. for C,8 H1 9 XO>: C, 76.8; H, 6 .8 ; X, 5.0. 
Found: C, 76.5; H, 6.5; X, 4.9.

The compound was insoluble in 10% sodium hydroxide 
or 1 0 % hydrochloric acid.

9-Isopropylamino-7-methyl-6-dibenzo{bd]pyrone. I, R — 
CzHt. A mixture of 9.4 g. of 3-acetylcoumarin 5.9 g. of iso
propylamine, 5.7 ml. of acetic acid, and 50 ml. of acetone 
gave 6 . 8  g. of solid, m.p. 186-193°; concentration of the 
mother liquor gave 0.8 g. more. The melting point of this 
material often varied in similar experiments sometimes being 
as low as 175-181°. This had little significance in the ulti
mate quantity of product, and probably depended on the 
proportion of aromatized substance formed by accidental 
dehydrogenation. Two grams of the solid and 0.84 g. of 
quinone heated in 60 ml. of alcohol for 1 hr. gave 1.65 g. of 
product, colorless needles from alcohol, m.p. 196-197°.

A nal Calcd. for C„H,7X 02: C, 76.4; H, 6.4; X, 5.2. 
Found: C, 76.3; H, 6.4; X, 5.6.

Although the amine was insoluble in aqueous hydrochloric 
acid, treatment of an alcoholic solution with hydrogen 
bromide and ether converted it quantitatively into its 
hydrobromiae, colorless needles, m.p. 251-252° dec.

.1 nal. Cak'd, for Ci7HiSBrX 02: Br, 23.0. Found: Br, 23.3.
When the amine was warmed with acetic anhydride con

taining potassium acetate it was converted into its acetyl 
derivative, colorless prisms from benzene-ligroin, m.p. 188- 
189°.

Anal. Calcd. for C,9H 19X 03: C, 73.8; H, 6.2; X, 4.5. 
Found: C, 74.0; H, 6.2; X, 4.6.

9-Cyclohexylamino-7-methyl-6-dibenzo[bd]pyrone. I, R  = 
CnHu. When acetic acid was used as in the previous con
densations, only about 4% of product was obtained. The 
low yield was due mainly to insolubility of cyclohexylamine 
acetate, anc was greatly improved by use of butyric acid. 
Use of butyric acid in the previous condensations gave re
sults no better, and in some cases worse than acetic acid.

A mixture of 9.4 g. of 3-acetylcoumarin, 9.9 g. of cyclo
hexylamine, 8 . 8  g. of butyric acid, and 50 ml. of acetone kept 
for 2 2  hr. gave 9.2 g., m.p. 190-197°. Two grams of this and 
0.7 g. of quinone in 50 ml. of alcohol heated for 30 min. gave
1.33 g., m.p 168-169° (dehydrogenation by aeration in hot 
acetic acid or benzene was not effective). Recrystallized 
from alcohol, the product had m.p. 168.5-169.3°.

Anal. Calcd. for C20H 20XO2: C, 78.4; H, 6 .6 ; X, 4.6. 
Found: C, 78.2; H, 7.0; X, 4.8.

The compound was insoluble in aqueous hydrochloric 
acid; but alcoholic hydrogen bromide gave the hydrobro
mide, fine colorless needles from alcohol-ether, m.p. 238- 
239.5° dec.

Anal. Calcd. for C2(,H2 iBrX02: Br, 20.6. Found: Br, 21.1.
The acety' derivative formed colorless prisms from ben

zene-ligroin or alcohol, m.p. 182-183°.
Anal. Calcd. for C,2H.23X 03: C, 75.7; H, 6 .6 ; X, 4.0. 

Found: C, 75.4; H, 6.9; X, 4.2.
.1 fethylation of I,  R  = CsHj. A solution of 2 g. of sodium 

hydroxide and 3.25 g. of I, R = Cr,H5 in 90 ml. of alcohol was 
heated for 45 min. and then diluted with 30 ml. of water 
and distilled. The residue was dissolved in 20 ml. of water, 
treated with 3.2 g. of methyl sulfate, and stirred for 1 hr. 
The mixture was centrifuged to remove ester, and then 
acidified. The precipitate (2.7 g.) was extracted with 10% 
sodium bicarbonate, leaving 1.3 g. of I. Acidification of the 
extract gave 1.7 g. of crude 5-anilino-3-methyl 2'-methoxy- 
biphenyl-2-carboxylic acid, m.p. 174-176° dec. Recrystalliza
tion from dilute alcohol and then dilute acetic acid gave 
colorless needles, m.p. 181-182° dec.
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Anal. Calcd. for C2iH i9N 03: C, 75.6; H, 5.8; N, 4.2; N.E. 
333. Found: C, 75.4; H, 5.8; N, 4.4; Neut. Equiv. 335.

When the methylation was carried out in alcohol using a
3-fold excess of methyl sulfate the product was the methyl 
ester, colorless needles from alcohol or benzene—ligroin, 
m.p. 127-128°.

Anal. Calcd. for C22H2iN 03: C, 76.0; H, 6.1; N, 4.0. 
Found: C, 75.8; H, 6.3; N, 4.4.

The ester was resistant to saponification; 0.4 g. of it 
heated for 8 hr. with excess 10% alcoholic potash gave only 
0.1 g. of the acid.

Dealkylation of I, R = cyclohexyl or isopropyl. When 2 g. of 
the hydrobromide of I, R = C6Hn was heated for 1 hr. in a 
bath at 255-260°, cyclohexene was evolved. The residue was 
dissolved in 60 ml. of hot alcohol, filtered, and treated with 
aqueous sodium carbonate, giving 1.1 g. of 9-amino-7-meth- 
yl-6-dibenzo\b.d]pyrone, I, R = H, faintly tan needles from 
alcohol, m.p. 192-193°.

Anal. Calcd. for C„HuN02: C, 74.7; H, 4.9; N, 6.2. 
Found: C, 75.0; H, 5.0; N, 6.5.

Pyrolysis of the iso-propyl analog gave the same product 
in a yield of 95%.

Deamination of I, R = H. A suspension of 3.7 g. of the 
hydrobromide of I, R =  H in 30 ml. of 18% hydrochloric 
acid was stirred at 0° and treated with 0.83 g. of sodium 
nitrite in a little water. The diazonium salt separated and 
the mixture became pasty. After 30 min., 16 g. of 50% hypo- 
phosphorus acid in an equal volume of water was added. 
Nitrogen evolution caused severe foaming requiring the use 
of a large flask for the preparation. After 12 hr. a t 0°, the 
mixture was diluted and extracted with chloroform. Colored 
impurities were removed by passing the chloroform solution 
through a short column of alumina. Crystallization from 
benzene-ligroin gave 1.7 g. of 7-methyl-6-dibenzo (b,d) 
pyrone (VII), m.p. 101-102° alone or mixed with a sample 
synthesized as described below.

Anal. Calcd. for Ci4H i0O2: C, 80.0; H, 4.8. Found: C, 
80.1; 80.4; H, 4.7, 5.1.

7-Methyl-6-dibenzo[bd]pyrone (VII). A mixture of 16.3 of
3-amino-2-cyanotoluene,6 145 ml. of acetic acid, 70 ml. of 
acetic anhydride, and 11 g. of potassium acetate was boiled 
for 20 min. and then cooled to 0°. One gram of phosphorus 
pentoxide was added, followed by a solution of 8.5 g. of 
nitrosyl chloride in 50 ml. of acetic anhydride. The mixture 
was kept at 0° for 30 min., then poured into one liter of ice 
water. The oily nitroso compound was extracted with 250 +  
150 ml. of anisole. The anisole extract was washed with 
wrater, 75 ml. of anisole being used to rinse the funnel. Addi
tion of 40 g. of sodium sulfate and 20 g. of potassium car
bonate brought about evolution of nitrogen and change to a 
deep red color. The mixture was kept for 12 hr. a t room 
temperature, then filtered and distilled. After anisole had 
been removed, the main fraction came over at 133-136° 
at 0.15 mm. as a pale yellow oil. When a solution of this oil 
in ether-ligroin was kept for two days at room temperature, 
it deposited colorless prisms, 1.5 g., m.p. 152-153° or 154- 
155° after sublimation and recrystallization. This was a by
product of unknown structure that gave only resins when 
treated with hot hydrobromic acid.

Anal. Calcd. for ChH i5N30 : C, 69.7; H, 6.24; N, 17.4. 
Found: C, 69.7; H, 6.1; N, 16.3.

The main product was a yellow oil. A mixture of 1.5 g. of 
it with 20 ml. of concentrated hydrochloric acid was heated 
at 180° for 3 hr. Dilution with water, extraction with chloro
form, and distillation gave 0.7 g., b.p. 170-174° at 1 mm. 
Crystallization from alcohol and then benzene-ligroin gave 
colorless needles (0.4 g.), m.p. 101-102°, identical with the 
previously described substance.

9-Methyl-6-dibenzo[bd]pyrone (VI). A mixture of 28.5 g. 
of 3-amino-4-cyanotoluene,e 250 ml. of acetic acid, 120 ml. 
of acetic anhydride, and 20 g. of potassium acetate was 5

(5) S. Gabriel and A. Thieme, Ber., 52, 1079 (1919); J. 
Kenner and E. Witham, J. Chem. Soc., 119, 1458 (1921).

boiled for 20 min., then cooled to 5°. One gram of phosphorus 
pentoxide was added, followed by 15.4 g. of nitrosyl chloride 
in 90 ml. of cold acetic anhydride. After one hour, the mix
ture was poured into 2.5 liters of ice water. The crystalline 
nitroso compound was collected, washed with water, and 
pressed as dry as possible (35 g., m.p. 70-72° dec.). I t  was 
then dissolved in 800 ml. of anisole containing a little 
potassium carbonate, and kept at room temperature for 12 
hr. or until nitrogen evolution ceased. Filtration and dis
tillation gave anisole and then 21 g. of crude product, b.p. 
150-155° at 0.6 mm. Crystallization from ether-ligroin and 
then alcohol gave 7.7 g., m.p. 94-95°. Sublimation and re
crystallization from alcohol gave pure S-cyano-S'-methoxy-S- 
methylbiphenyl, m.p. 96-97°.

Anal. Calcd. for C16H13NO: C, 80.7; H, 5.9; N, 6.3. 
Found: C, 80.7; H, 6.1; N, 6.3.

A mixture of 4 ml. of acetic acid, 4 ml. of 48% hydro
bromic acid, and 0.75 g. of the cyano compound was boiled 
for 4 hr. and then diluted with water, giving 0.54 g. of crude 
product, m.p. 101-102°. The material was dissolved in hot 
alcoholic sodium hydroxide, treated with charcoal, pre
cipitated by acidification, and recrystallized from alcohol 
giving colorless needles, m.p. 102.5-103°. A mixture with the 
isomeric 7-methyl derivative had m.p. 62-65°.

Anal. Calcd. "for C14H10O2: C, 80.0; H, 4.8. Found: C, 
80.2; H, 4.8.

Condensation of acetylcoumarin with acetone and am
monia. A mixture of 9.4 g. of acetylcoumarin, 7.7 g. of am
monium acetate, and 50 ml. of acetone was stirred at room 
temperature for 16 hr. The white precipitate was removed, 
washed with acetone, alcohol, and water and then dried; 
yield 7.2 g., m.p. 222-226°. In another preparation 7.0 g. of 
product was obtained after only 4 hr. Again, 7 g. of product 
was obtained when only 7.3 ml. of acetone was used and the 
mixture was heated on a water bath for 20 min. Crystalliza
tion from acetic acid gave colorless prisms, m.p. 226-227°. 
The compound gave a deep purple color with alcoholic ferric 
chloride; it was not affected by aeration in hot acetic acid. 
I t  was insoluble in 10% hydrochloric acid or 20% sulfuric 
acid. Hot 10% sodium hydroxide slowly dissolved it. These 
properties suggest that the compound is II, S-amino-2- 
methylchroman-4,a-acetoaceiic acid lactam.

Anal. Calcd. for C„Hi5N 03: C, 68.6; H, 6.1; N, 5.7. 
Found: C, 68.6; H, 6.4; N, 5.4.

Condensation of acetylcoumarin with cyclohexanone and 
isopropylamine. A mixture of 9.4 g. of 3-acetylcoumarin, 5.9 
g. of isopropylamine, 8.8 g. of butyric acid, and 50 ml. of 
cyclohexanone was stirred at room temperature for 24 hr. 
About 10 mg. of I II  was removed by filtration and most of 
the cyclohexanone by distillation under reduced pressure. 
The residue was dissolved in ether, washed with bicarbonate, 
concentrated and cooled for six days, giving 5.7 g. of crude 
crystalline product. Recrystallization from alcohol gave 
nearly colorless plates, m.p. 137.5-138.5°. The properties of 
the compound, insolubility in dilute acid and deep green 
color with alcoholic ferric chloride, indicate structure IV, 
2-isopropylamino-8,S-tetramethylenechroman-4,a-acetoacetic 
acid lactam.

Anal. Calcd. for C20H24NO3: C, 73.6: H, 7.4; N, 4.3. 
Found: C, 73.6: H, 7.7; N, 4.4.

Reaction of the aldol IX  with Isopropylamine. A mixture of 
0.5 g. of the aldol prepared by Sundet,4 1 g. of isopropyl
amine, 1 ml. of acetic acid, and 15 ml. of acetone was stirred 
at room temperature for 22 hr., then filtered and concen
trated. The resulting crystals were boiled in 6 ml. of alcohol 
with 0.2 g. of quinone for 30 min. The crystalline product 
was washed with alcohol, giving 0.3 g. of 7-methyl-9-iso- 
propylamino-6-dibenzo[6d]pyrone, m.p. 195-196.5°.

M i n n e a p o l i s , M i n n .

(6) S. Niementowski, Ber., 21, 1535 (1888); G. Glock, 
Ber., 21, 2662 (1888); G. T. Morgan and E. A. Coulson, 
J. Chem. Soc., 2551 (1929).
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R eaction s o f  P yrid in e-T yp e B ases w ith  Iod in e and C ertain  Q u in o lin es or 
Isoq u in o lin es  C on ta in in g  a R eactive M eth y l G roup

L. CARROLL KING a n d  S. V. ABRA MO1

Received May 29, 1958

Quinoline-type bases with a methyl group in the 2 or 4 position and isoquinoline-type bases with a methyl group in the 
1 position undergo reaction with iodine and pyridine, or certain bases related to pyridine, to give quaternary salts. The 
preparation and structure of a number of these quaternary salts is described herein.

A number of authors have recorded the prepara
tion of quaternary salts of Type II when com
pounds containing an active methyl or methylene 
group, such as I react with iodine and heterocyclic 
tertiary amines.2 Quaternary salts were reported 
wherein Ri was aryl,2a substituted aryl,2b_e thi
enyl,20 2-nitrocyclopropyl,2f or a substituted cyclo- 
pentanoperhydrophenanthrene derivative,2a,g where 
R.2 was alkyl, phenyl or hydrogen,20 and where 
R3 f^N  was any of a number of heterocyclic nitro-

R2

R i—CO—CH2 +  L +  2 N ^ j  R3 — >

I
R2

R i—CO—CH—N ^ | r 3 +  H N < J R.i 
+ Is-  I -

II

geneous bases of the pyridine type.2d Recently Sap
per and Southwick,3 prepared l(l,4-diphenyl-2- 
keto-3-butenyl)pvridinium iodide from benzyl sty- 
ryl ketone, iodine, and pyridine, thus extending the 
reaction to an active methylene group adjacent to 
an a,fi unsaturated system. Using the reaction with 
iodine and pyridine, Reid and Bender4 5 prepared 
pyridinium salts from 2-methylbenzothiazole, 2- 
methylbenzoxazole, and from 2-methylquinazoline. 
This reaction has been used for the preparation of 
pyridinium salts from 2-methyl-y-chromone,03 and 
from V-methyl-2-picolinium iodide.5b

(1) From the Ph.D. Thesis of S. V. Abramo (1950).
(2) (a) L. C. King, J. Am. Chem. Soc., 66, 891, 1612 

(1944). (b) L. C. King, M. McWhirter, and D. Barton, J. 
Am. Chem. Soc., 67, 2089 (1945). (c) L. C. King, M. Mc
Whirter, and R. L. Rowland, J. Am. Chem. Soc., 70, 289
(1948) . (d) L. C. King and M. McWhirter, J. Am. Chem. 
Soc., 68, 716 (1946). (e) J. L. Hartwell and S. R. L. Korn- 
berg, J. Am. Chem. Soc., 68, 868, 1131 (1946). (f) L. I. 
Smith and V. A. Englehardt, J. Am. Chem.-Soc., 71, 2676
(1949) . (g) R. H. Baker and E. N. Squire, J. Am. Chem. 
Soc., 70, 1487 (1948).

(3) D. I. Sapper and P. L. Southwick, J. Org. Chem., 21, 
105 (1956).

(4) W. Reid and H. Bender, Chem. Ber., 89, 1893 (1956).
(5) (a) J. Schmutz, R. Hirt, and H. Lauener, Helv. Chim.

Acta, 35, 1168 (1952). (b) J. A. Berson and T. Cohen, J.
Am. Chem. Soc., 78, 416 (1956).

In the present paper we show that quinoline 
type bases with a methyl group in the 2, or 4 posi
tion and isoquinoline type bases with a methyl 
group in the 1 position undergo reaction with io
dine and pyridine, and certain bases related to 
pyridine to give quaternary salts.

When quinaldine reacts with iodine and the 
various pyridine like bases, the quaternary salts 
are formulated as III. The structures of the prod
ucts obtained in these reactions were established 
in detail by means of the following lines of evi
dence.

1. The presence of an active methylene group in 
the molecule was established in each case by means 
of the picryl chloride test of Krohnke.6

2. In the case of l-(2-quinolylmethyl)pyridinium 
iodide (Ilia), the methylene group was further es
tablished by conversion to 2-quinolyl-Ar-(p-di- 
methylaminophenyl) nitrone (IV) using the method 
of Ivrohnke7 and subsequently converting IV to 
the known 2-quinolinecarboxaldehyde-2,4-dinitro- 
phenylhydrazone.8

3. The structure of each of the quaternary salts 
prepared from quinaldine, was established in de
tail by independent synthesis and conversion to a 
common derivative. Thus 2-bromomethylquinoline 
was prepared03 and allowed to react with the ap
propriate heterocyclic tertiary amine to give the 
corresponding quaternary bromide.9b o These bro
mides were in turn converted to picrates and com
pared with the corresponding picrates obtained 
from the iodides. A summary of the mixed melting 
point data obtained in this comparison process is 
presented in Table I.

When lepidine reacts with iodine and the various 
heterocyclic bases the structures are formulated as
V. Evidence for this assignment of structure is

(6) F. Krohnke and H. Schmeiss, Ber. 70, 1728 (1937), 
demonstrated tha t compounds containing a reactive 
methylene group, react in basic solution with picryl chloride 
or chloranil to give an intense color. This process serves as a 
convenient test for the unsubstituted methylene group.

(7) F. Krohnke, Ber. 69, 2006 (1936).
(8) C. E. Kwartler and H. G. Lindwall, J. Am. Chem. 

Soc., 59, 524 (1937).
(9) (a) D. LI. Hammick, J. Chem. Soc. 123, 2882 (1923). 

(b) B. R. Brown, D. LI. Hammick, and B. H. Thewlis, J. 
Chem. Soc. 1145 (1951). (c) B. R. Brown and H. E. Wild, J. 
Chem. Soc. 1158 (1956).
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TABLE I
M e l t i n g  P o i n t  o f  P ic r a t e s

Iodide,
°C.

Bromide,
°C.

Mixed
M.P.,

°C.

l-( 2-Quinolylmethyl)- 
pyridinium 162-163 163-164 160-163

l-(2-Quinolylmethyl)3-
picolinium 147-148 146-147 145-148

2-( 2-Quinolylmethyliiso- 
quinolinium 197-197.5 196.5-197 196-197

3-Methyl-2-( 2-quinoiyl- 
methyl)isoquinolin- 
ium 147-148 144-146 147-149

based on the mode of formation, analytical data and 
a positive picryl chloride test in each case indicat
ing the presence of the active methylene group. In 
addition, l-(4-quinolylmethyl)pyridinium iodide 
(Va) was converted to 4-quinolyl-V(p-dimethyl- 
aminophenyl) nitrone (VI).

The quaternary salts produced when 2,6-di- 
methylquinoline reacts with iodine and the various 
heterocyclic bases are formulated as VII. In these 
cases the assignment of structure is based on the 
method of preparation, on physical properties and 
analysis, and on the presence of an active methylene 
group as shown by the picryl chloride test.6 The 
structures VIII, are assigned to the quaternary 
salts produced when 1-methylisoquinoline reacts 
with iodine and the various heterocyclic bases. 
Again in these cases the assignment of structures is 
based on the method of preparation, on the physical 
properties and analytical data, and on the presence 
of an active methylene group.6

In the cases of the quaternary salts IX and X 
prepared from the methoiodides of quinaldine and 
lepidine the structures were established by basic 
hydrolysis. Compound IX was converted to 1- 
(l-methyl-2-quinolylidenylmethyl)pyridinium io
dide (XI) and subsequently to the known N- 
methyl-2-quinolone.10 Compound X was converted 
to X-methyl-4-quinolone11 (XII).

Detailed data for the preparation, analysis, and 
preparation of derivatives of each of the compounds 
are presented in the experimental part.

EXPERIMENTAL12

Starting materials. The heterocyclic tertiaryamines pyri
dine, 3-picoline, isoquinoline, 3-methjTsoqumoline, quinal
dine, and lepidine were commercially available materials. 
1-Methylisoquinoline was prepared from isoquinoline by 
way of a Reissert compound;13 b.p. 126-128°/16 mm., nD 
1.6125.

I

N ^ |  R = a, pyridine
b, 3-picoline
c, isoquinoline
d, 3-methylisoquinoline

N ^j-R  = a, pyridine
b, isoquinoline
c, 3-methylisoquinoline

CH3
' r r  ^

N
^ C H 2 -K t^R

+  r
VII

Nw R = a, pyridine
b, isoquinoline
c, 3-methylisoquinoline

VIH N f)j R = a, pyridine
b, 3-picoline

(10) P. Friedlander and F. Muller, Ber., 20, 2010 (1887).
(11) H. Meyer, Monatsh., 27, 255 (1906).
(12) Analysis by H. Beck. Except where otherwise in

dicated, all melting point and decomposition point data was 
observed on a Fisher-Johns block.

(13) V. Boekelheide and J. Weinstock, J. Am. Chem. 
Soc., 74, 660 (1952).

Quinaldine methoiodide,14 and lepidine methoiodide15 were 
prepared by reaction of the appropriate base with methyl 
iodide in acetone solution.

(14) O. Doebner and W. Van Miller, Ber. 16, 2468 (1883).
(15) S. Hoogewerfe and W. Van Dorp, R.ec. trav. chim., 2, 

317 (1883).
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a>-Bromoquinaldine was prepared by the method of Ham- 
miok and co-workers.9a

Picryl chloride test for active methylene group. A few mg. of 
the compound being tested was suspended in 5 cc. of 2M  
sodium hydroxide solution; 3 cc. of a solution of picryl 
chloride in chloroform (1 g./lOO cc.) was added and the 
mixture was shaken. A deep green or red color was taken as a 
positive test.6

Preparation of quaternary salts and derivatives. The 
method of preparation and work up of the quaternary io
dides was essentially the same in each case. The process is 
described in detail for l-(2-quinolylmethyl)pyridinium io
dide (Ilia). Significant deviations in preparation work up or 
purification will be described when appropriate.

l-(2-Quinolylmethyl)pyridinium iodide (Ilia). To a mix
ture of 29 g. (0.2 mole) quinaldine and 40 g. (0.5 mole) pyr
idine, 50.8 g. (0.2 mole) of iodine was gradually added with 
stirring. The mixture was heated at 100° for 2 hr. The reac
tion mixture was extracted with ether to remove unreacted 
starting materials, with water to remove pyridinium hydro- 
iodide, and with acetone to remove any quaternary tri
iodide which may have formed during the reaction. Re
crystallization from 80% ethanol gave 70 g. (100%) of light 
yellow needles melting with decomposition a t 228-233°. 
This compound gave a positive picryl chloride test.

Anal. Calcd. for CijH ijNsI: C, 51.74; H, 3.76. Found: C, 
51.09; H, 3.63.

The compound was recrystallized from 80% ethanol con
taining a small amount of pyridine;16 vield 90%, m.p. 238- 
239°.

Anal. Found: C, 52.04; H, 3.65.
This preparation was attempted in various quantities 

from 0.05 mole to 0.5 mole. The yields were consistently 
high.

Bromide. This compound separated as white needles from 
an acetone solution of pyridine and w-bromoquinaldine; 
m.p. 237-239 °:9b

Perchlorate. From the bromide or the iodide by treatment 
with 20% perchloric acid. Recrystallized from ethanol; 
m.p. 189.5-190°, from either source.

Anal. Calcd. for C15H 13O4N 2CI: C, 56.17; H, 4.08. Found: 
C, 56.42; H, 4.04.

Picrate. From the bromide or from the iodide by addition 
of saturated picric acid in ethanol to an ethanolic solution of 
the salt. M.p. 162-163°, from the iodide. M.p. 163-164°, 
from the bromide (Table I).

1- (2-Quinolylmethyl)-3-picolinium iodide (Illb ). Prepared 
from quinaldine, 3-picoline, and iodine. Yield (73%) of red
dish crystalline material, m.p. 189-195°. Repeated recrystal
lization from ethanol solution gave 58% of peach colored 
crystals; m.p. 201-202° with decomposition.

Anal. Calcd. for Ci6H i6N2I: C, 53.05; H, 4.17. Found: C, 
53.38; H, 4.17.

Bromide. By reaction of w-bromoquinaldine with 3-pico
line in acetone solution; m.p. 217-219°.

Picrate. From the iodide or from the bromide by addition 
of saturated picric acid in ethanol. M.p. 147-148° from the 
iodide. M.p. 146-147°, from the bromide (Table I).

2- (2-Quinolylmethyl)isoquinolinium iodide (IIIc). Pre
pared from quinaldine, isoquinoline, and iodine. Extraction 
separately with ether, acetone, water and again with acetone 
gave a reddish crude material which on crystallization 
several times from 50% ethanol gave 39% of light yellow 
crystals; m.p. 201-202°, with decomposition.

Anal, calcd. for C19H16N2I: C, 57.30; H, 3.80. Found: C, 
57.03; H, 3.87.

Bromide. 9o  From isoquinoline and w-bromoquinaldine in 
acetone. The crystals obtained were converted directly to 
the picrate.

Picrate. From the bromide or from the iodide by addition

(16) This procedure was used whenever a low carbon
analysis indicated the molecule retained extra hydriodic acid.

of saturated picric acid in ethanol. M.p. 197-197.5° from the 
iodide. M.p. 196.5-197° from the bromide (Table 1).

S-Methyl-2-(2-quinolylmethyl)isoquinolinium iodide (Hid). 
Prepared from quinaldine, 3-methylisoquinoline, and iodine. 
After heating for 12 hr. and extracting separately with ether, 
water, and acetone; the dark crude product was recrystal
lized from 81% ethanol. Yield, 81%, of tan crystals melting 
at 197-201°.

Anal. Calcd. for C2„H„N2I: C, 58.26; H, 4.16. Found: C, 
55.31, 55.80; H, 3.79, 3.68.

Recrystallization from ethanol containing a small amount 
of pyridine gave material melting at 204°.16

Anal. Found: C, 58.28; H, 3.94.
Bromide. From 3-methylisoquinoline and w-bromoquin- 

aldine. The product was converted directly to the picrate.
Picrate. From the bromide or iodide by addition of satu

rated picric acid in ethanol. M.p. 147-148° from the iodide. 
M.p. 144-146° from the bromide (Table 1).

1- (4-Quinolylmethyl)pyridinium iodide (Va). Prepared 
from lepidine, pjTidine, and iodine. Yield 63% of crude 
product, m.p. 209-210° with decomposition. Recrystalliza
tion from ethanol-w'ater gave 48% of yellow' prisms, m.p. 
220-223° with decomposition.

Anal. Calcd. for Ci5HlsN2I: C, 51.74; H, 3.76. Found: C, 
51.74; H, 3.76.

2- (4-Quinolylmethyl)isoquinolinium iodide (Vb). Prepared 
from lepidine, isoquinoline, and iodine. Yield 59% of yellow 
needles; m.p. 197-200° with decomposition. Recrystalliza
tion from ethanol-water-pyridine16 gave yellow' needles, 
41%; m.p. 215.5-217° with decomposition.

Anal. Calcd. for Ci9H i5N2I: C, 57.30; H, 3.80. Found: C, 
57.32; H, 3.65.

3- Methyl-2-(4-quinolylmethyl)isoquinolinium iodide (Vc). 
Prepared from lepidine, 3-methylisoquinoline, and iodine. 
Yield 80% of substance; m.p. 197-199°. Recrystallization 
from 80% ethanol gave 44% of yellow staves; m.p. 201-204°.

Anal. Calcd. for C20H17N2I: C, 58.26; H, 4.16. Found: C, 
57.96; H, 4.13.

l-[2-{6-Methylquinolyl)methyl\pyridinium iodide (Vila). 
Prepared from 2,6-dimethylquinoline, pyridine, and iodine. 
Yield 87% of red solid softening a t 160°, melting at 165- 
167°. Recrystallization from ethanol-water gave 62.3% of a 
yellow solid; m.p. 169-170° with decomposition. Recrystal
lization from ethanol-water-pyridine for an analytical sample 
gave white plates melting a t 172-174°.

Anal. Calcd. for Ci6Hi5N2I: C, 53.05; H, 4.177. Found: C, 
53.70; H, 4,20.

2-[2-{6-Methylquinolyl)methyl]isoquinolinium iodide 
(VHb). Prepared from 2,6-dimethylquinoline, isoquinoline, 
and iodine. Yield 53%; m.p. 190-193°. Recrystallization 
five times from ethanol-water using large quantities of 
Norit A gave 24% of light yellow product; m.p. 205.5- 
207° with decomposition.

Anal. Calcd. for C2„H17N2I: C, 58.26; H, 4.16. Found: C, 
58.58; H, 4.15.

3-Methyl-2- [2-( 6-methylquinolyl)methyl ]isoquinolinium 
iodide (Vile). Prepared from 2,6-dimethylquinoline, 3- 
methylisoquinoline, and iodine. Yield 84% of a light brown 
solid; m.p. 205-208°. Recrystallization from ethanol-water 
gave 70% of yellow prisms melting with decomposition at 
209-210°.

Anal. Calcd. for C2iH19N2I: C, 59.17: H, 4.49. Found: C, 
59.39; H, 4.60.

l-{l-Isoquinolylmethyl)pyridinium iodide (V illa). Pre
pared from 1-methylisoquinoline,13 pyridine, and iodine. 
Yield 97% of dark crystalline material; m.p. 170-200°. Re
crystallization from ethanol-water using decolorizing char
coal gave 75% of white crystals; m.p. 215-218°, with de
composition.

Anal. Calcd. for C16H13N2I: C, 51.74; H, 3.76. Found: C, 
51.83; H, 3.57.

l-(l-Isoquinolylmethyl)-3-picolinium iodide (V lllb). Pre
pared from 1-methylisoquinoline, 3-picoline, and iodine. 
Crude yield 72%; m.p. 192-195°. On recrystallization from
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ethanol-water, 64% of white plates; m.p. 206-211°, was ob
tained.

Anal. Caled. for C16H15N2I: C, 53.06; H, 4.17. Found: 
C, 52.80; H, 3.99.

l-{2-Quinolylmethyl)pyridinium iodide nethoiodide (IX). 
Prepared from 1-methylquinaldinium iodide,14 pyridine, and 
iodine. Crude yield 30% of orange needles; m.p. 178-180°. 
Recrystallization from 90% ethanol gave yellow needles; 
m.p. 183-184° with decomposition.

Anal. Caled. for CjeHieNA: C , 39.21; H, 3.29. Found: C, 
38.96; H, 3.27.

1- {Jr Quinolylmethyl)'pyridinium iodide methoiodide (X). 
Prepared from N-methyllepidinium iodide,15 pyridine, and 
iodine. Crystallization from ethanol gave 53% of greenish 
yellow plates; m.p. 186-188°. Recrystallization for an 
analytical sample gave yellow plates darkening at 187-191°, 
decomposing at 191-193°.

Anal. Caled. for CieHjsLNs: C, 39.21; H, 3.29. Found: 
C, 39.30; H, 3.14.

%-Quinolyl-N-{p-dimethylaminophenyl)nitrone (IV). To a 
mixture of 3.48 g. (0.01 mole) l-(2-quinolylmethyl)pyridin- 
ium iodide (Ilia) in 5 ml. water and 1.65 g. (0.011 mole) of 
WV-dimethyl p-nitroso aniline in 50 ml. ethanol cooled to 
0.5°, 10 ml. of M  sodium hydroxide was added. The mixture 
was stirred for 45 min. Filtration gave 1.6 g. (54%) of red
dish crystals; m.p. 154-155°. Recrystallization from ben
zene-hexane gave red needles; m.p. 161-161.5°.

Anal. Caled. for Ci8HnN30: C, 74.4; H, 5.88. Found: C, 
74.69; H, 5.74.

2- Quinoline carboxaldehyde-2,4-dinitrophenylhydrazone. A 
solution of 0.4 g. (0.0014 mole) of 2-quinolyl-V-(p-dimethyl- 
aminophenyl)nitrone (IV) was shaken with 50 cc. of 3N  
HC1. Addition of 2,4-dinitrophenylhvdrazine precipitated 
the 2-quinoline carboxaldehyde derivative as yellow plates; 
m.p. 245-248°. Recrystallization from ethanol-water gave

yellow needles which softened at 245° and melted at 252- 
254°. Reported m.p. 251-253°.®

4-Quinolyl-N-{p-dimethylaminophenyl)nitrone (VI). The 
procedure was essentially the same as for the preparation of 
2-quinolyl-Ar-(p-dimethylaminophenyl)nitrone (IV). From
3.4 g. (0.01 mole) l-(-Fquinolylmethyl)pyridinium iodide
l. 95 g. (65%) reddish crystals was obtained. Crystallization 
from benzene-hexane gave 1.42 g. (49%) of red needles;
m. p. 179-181°.

Anal. Caled. for CI8H„N30: C, 74.40; H, 5.88. Found: C, 
74.67; H, 5.63.

l-(l-Methyl-2-quinolylidenylmethyl)pyridinium iodide 
(XI). To 1 g. (0.0025 mole) of l-(2-quinolylmethyl)pyridin- 
ium iodide methoiodide (IX) dissolved in 5 ml. of water, M 
sodium hydroxide was added dropwise until no further pre
cipitate was observed. The red precipitate was collected by 
filtration. Yield 0.6 g. (82%) of red powder; m.p. 184-190°.

Anal. Caled. for Ci6H15N2I: C, 53.05; H, 4.17. Found: 
C, 52.90; H, 4.14.

N-Methyl-2-quinolone. To 2.5 g. (0.005 mole) l-(2-quino- 
lylmethyl)pyridinium iodide methoiodide (IX) dissolved in 
20 cc. water, 10 ml. of 2N  potassium hydroxide was added. 
After the hydrolysis wras complete the product was extracted 
with chloroform. Yield 0.55 g. (68%) of tan material melting 
at 72-73°. Reported for W-methyl-2-quinolone, 73°.10

N-Methyl-4-quinolone (XII): A solution of 0.5 g. (0.001 
mole) l-(4-quinolylmethyl)pyridinium iodide methoiodide 
(X) dissolved in 30 cc. water was treated with 4 ml. of 10V 
sodium hydroxide and the mixture heated on the steam bath 
for 20 min. Extraction with chloroform followed by evapo
ration of solvent gave 0.17 g. (100%) of w’hite crystals; 
m.p. 149°.10
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The hypophosphorous acid-cuprous oxide deamination method on nitroanilines has been modified so that the nitro com
pounds wdiich are formed are reduced in turn by cuprous oxide to the corresponding amines. Over-all yields of 55-65% are 
reported for three halogenated nitroanilines.

It was reported previously from this laboratory 
that in the hypophosphorous acid-cuprous oxide 
deamination of 2-nitro-3,4,6-trifluoroaniline2 to
2.3.5- trifluoronitrobenzene, a small amount of
2.3.5- trifluoroaniline was isolated as a by-product. 
Later other halogenated nitroanilines were ob
served to give similar results. This indicated that 
part of the desired nitro compound was reduced to 
the corresponding amine. At the same time it be
came apparent that the yield of amine varied con
siderably between similar experiments. The second
ary reaction was investigated. As a result of this 
study, the deamination process has been modified

(1) Published by permission of the Chief of the Illinois 
State Geological Survey.

(2) G. C. Finger, F. H. Reed, and R. E. Oesterling, J.
Am Chem. Soc., 73,152(1951).

so that complete reduction of the nitro compound 
also takes place, and the corresponding amine is 
isolated as the final product.

As the deamination mixture contains two reduc
ing agents, hypophosphorous acid and cuprous 
oxide,3 there is the question whether one agent or 
the combination of both is chiefly responsible for the

(3) Reduction of nitro compounds by copper sponge with 
sodium hypophosphite has been reported by A. Maihle 
and M. Murat, Bull. soc. chim. France, 7, 952 (1910).
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reduction of a nitro group. The literature4 is rather 
mute on the formation of secondary reduction prod
ucts in the hypophosphorous acid or cuprous 
oxide catalyzed ethanol deamination procedures. 
Many nitroanilines are deaminated to the nitro de
rivatives in high yields by both methods thus infer
ring that the reducing agents or catalyst have no 
significant effect on the nitro groups. For a more 
satisfactory answer, the reducing agents were 
tested on 4-chloronitrobenzene. To stirred aqueous 
slurries of sodium hypophosphite, cuprous oxide, 
and a mixture of both, a solution of 4-chloronitro- 
benzene dissolved in a large excess of concentrated 
sulfuric acid was added. The resulting mixtures 
were heated to about 100° for several hours and 
then examined for amine formation. Cuprous oxide 
gave a substantial yield of 4 -chloroaniline, whereas 
sodium hypophosphite gave very little evidence of 
nitro reduction. Reduction occurred in the sodium 
hypophosphite-cuprous oxide mixture in propor
tion to the cuprous oxide content. This explains the 
variation in amine formation in the earlier de
aminations where an arbitrary amount of cuprous 
oxide was used with only catalysis in mind.

The cuprous oxide reduction of 4-ehloronitro- 
benzene in concentrated sulfuric acid was examined 
further. With a molar ratio of 3:1 and higher of 
cuprous oxide to nitro compound, and a heating 
period of about 4 hr., a yield of 83-90% of steam 
distilled 4-chloroaniline was obtained. The ratio is 
as expected on the basis of a simple oxidation-reduc
tion reaction. In practice, however, a ratio of 4:1 or 
more is recommended. Other nitrobenzenes gave 
similar results. Due to its convenience, cuprous 
oxide could be used more frequently for the reduc
tion of nitro compounds.

It was quite evident now that in the deamination 
of nitroanilines, the resulting nitro compounds 
could be reduced to the amines in the same opera
tion if sufficient cuprous oxide was present. Due to 
interest in halogenated nitroanilines, a number of 
these compounds were submitted to the deamina
tion procedure as modified with excess cuprous 
oxide. In general, the nitroanilines were diazotized 
by the nitrosylsulfuric-phosphoric acid proce
dure.5’6 The diazonium solutions were added slowly 
to a water slurry of sodium hypophosphite and 
cuprous oxide. Subsequent heating at 90-100° for 
about 4 hr. completed the deamination and nitro 
reduction. After neutralization with alkali, steam

(4) N. Kornblum, Org. Reactions, 2, 262-340 (1944).
(5) J. Schoutissen, J. Am. Chem. Soc. 55, 451 (1933).
(6) C. Weygand, Organic Preparations, Interscience Pub

lishers, Inc., New York, N. Y., 1945, Ch. 2, p. 110.

distillation removed the amines. The crude amine 
yields are based on the amount of nitroaniline used. 

Yield data obtained on three nitroanilines are
(1) 5-fluoro-2-nitroaniline to 4-fluoroaniline, 55%,
(2) 2,6-diehloro-4-nitroaniline to 3,5-dichloroaniline 
59%; and (3) 4,6-difluoro-5-chloro-2-nitrcaniline 
to 3,5-di£uoro-4-chloroaniline, 64%.

E X P E R IM E N T A L 7

As the nitroanilines under investigation were weakly 
basic amines, they were diazotized by the nitrosylsulfuric- 
phosphoric acid procedure. In contrast to earlier studies,2;8 
the diazonium solutions were added to the reducing agents 
thus reversing the order of addition. To complete the de
amination and reduction of the nitro group, the reaction was 
heated on a steam bath. As a routine procedure, a 4-hr. 
heating period is essential, although in some instances the 
entire process appeared to be complete in a very short time. 
The free amine may also be recovered by solvent extraction 
with the disadvantage that a large volume of solution must 
be handled.

The method and procedure are illustrated by the prep
aration of 3,5-difluoro-4-chloroaniline.

3,5-Diflnoro-4-chloroa.niline (III). A mixture of 119 g. 
(0.57 mole) of 4,6-difluoro-5-chloro-2-nitroaniline (I),9 m.p. 
96-97°, and 84 ml. of glacial acetic acid was dissolved in 
640 ml. of coned, sulfuric acid. Nitrosylsulfuric acid was 
prepared by adding 46 g. (0.66 mole) of sodium nitrite to 
424 ml. of coned, sulfuric acid at 20-25°. To the amine salt 
at room temperature was added the nitrosylsulfuric acid, 
and the mixture stirred for 2 hr. The diazotization was com
pleted by addition at 0-10° of sirupy phosphoric acid (85%) 
and the mixture w'armed on a steam bath to 65-70°. After 
cooling, the diazonium solution was added slowly to an 
efficiently stirred slurry of 301 g. of sodium hypophosphite,10 
326 g. of cuprous oxide,11 and 500 ml. of water in a large 
flask. Considerable foaming takes place during the addi
tion. The temperature was allowed to rise to 50°. To com
plete the reaction process, the mixture was heated at 90- 
100°, usually on a steam bath, for 4 hr. Steam was passed 
into the mixture to remove unreduced 3,5-difluoro-4-chloro- 
nitrobenzene (II),9 m.p. 41-42°; usually less than one gram 
was recovered. The reaction mixture was neutralized with 
strong sodium hydroxide solution, and the amine was re
moved by steam distillation. Yield of crude amine, 60 g. or 
64%. Recrystallization from ethanol gave 3,5-difluoro-4- 
chloroaniline as white needles, m.p. 78-79°.

Anal. Calcd. for C6H4C1F2N: C, 44.07; H, 2.51; Cl, 21.69; 
N, 8.56. Found: C, 44.12; H, 2.50; Cl, 21.85; N, 8.60.

The acetyl derivative was recrystallized from benzene 
to give white needles, m.p. 166-166.5°.

Anal. Calcd. for C8H6C1F2N0: N, 6.80. Found: N, 6.74.
U r b a n a , III.
(7) Analyses by D. R. Dickerson, microanalvst for the 

Survey.
(8) G. C. Finger, F. H. Reed, and J. L. Finnerty, J. Am. 

Chem. Soc., 73,153 (1951).
(9) G. C. Finger, R. E. Oesterling, and R. H. White, 

Abstracts, 130th Meeting, American Chemical Society, Sept. 
1956, Atlantic City, N. J., p. 26-0.

(10) Sodium hypophosphite, NF grade, 98%.
(11) P̂ ed cuprous oxide, USN Type 1, 97%.
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A number of halogenated 2-pyridoxyacetic acids have been prepared, via their ethyl esters, by the reaction of ethyl 
diazoacetate with the appropriate halogenated 2-pyridones.

A number of halo derivatives of phenoxyacetic 
acid have attracted considerable interest, both 
theoretical and practical, because of the marked 
hormonal activity which they exhibit in higher 
plants.2 The study reported here was undertaken 
with the object of synthesizing some pyridine 
analogs of these halo acids for plant physiological 
testing purposes.

The reaction of 2-pyridone with ethyl diazo- 
acetate has been reported to give a mixture of N- 
and O-alkylation products; the latter, ethyl 2- 
pyridoxyacetate, was converted by hydrolysis to 
2-pyridoxyacetic acid.3 This sequence of reactions 
has been extended to a number of halogenated 2- 
pyridones. The initially produced pyridoxyacetic 
esters were, in some cases, purified and analyzed. 
In other cases, the crude esters were hydrolyzed 
directly to the crystalline oxyacetic acids. In two 
cases (V and XI) the esters were converted also to 
the corresponding amides. The results of these ex
periments are summarized in Table I.

Of the substituted 2-pyridones employed as 
starting materials, only 3-methyl-5-chloro-2-pyri- 
done and 3,5-dichloro-6-methyl-2-pyridone have 
not been described previously. They were obtained 
by direct chlorination of 3-methyl-2-pyridone and
6-methyl-2-pyridone, respectively, as described 
further in the experimental section.

The direct chlorination of 2-pyridone itself to
3,5-dichloro-2-pyridone deserves comment. The 
only recorded observation of this reaction4 mentions 
the use of chloroform as solvent: no further details 
or yields are given. It has been found now, after 
investigating this chlorination under a variety of 
conditions, that i t  proceeds best at room tempera
ture in 20% sulfuric acid, 3,5-dichloro-2-pyridone 
being obtained in 63% yield. It was found neces
sary, however, to remove the dichloro derivative by 
filtration several times during the course of the 
chlorination, since it is converted slowly by excess 
chlorine to water soluble decomposition products.

(1) Supported by a contract with the U. S. Army Chemical 
Corps., Fort Detrick, Frederick, Md.

(2) E.g. see: Plant Regulators in Agriculture, edited by
H. B. Tukey, John Wiley and Sons, Inc., New York, 1954.

(3) G. B. R. deGraaff, J. Maas, and H. J. den Hertog, 
Rec.. trav. chim., 74, 175 (1955).

(4) M. Dohrn and R. Dirksen, U. S. Patent 1,706,775; 
Chem. Abstr., 23, 2189 (1929).

The most interesting of the pyridoxyacetic acids 
prepared are 3,o-dichloro-2-pyridoxyacetic acid (X) 
and 3,5,6-trichloro-2-pyridoxyacetic acid (XVI), 
which are direct pyridine analogs of the well- 
known herbicides2 2,4-dichlorophenoxyacetie acid 
and 2,4,5-trichlorophenoxyacetic acid. The plant 
physiology of these and other compounds de
scribed here is under investigation by Dr. R. L. 
Weintraub5 * and will be described elsewhere.

E X P E R IM E N T A L 8

Pyridones. The following pyridines were prepared follow
ing methods in the literature: 3-chloro-2-pyridone,7 4- 
chloro-2-pyridone,8 5-chloro-2-pyridone,9 6-cliloro-2-pyri
done,7 5-bromo-2-pyridone,10 3,5-dibromo-2-pyridone,10
3,5,6-trichloro-2-pyridone.11

3,5-Dichloro-H-pyridone. The more readily prepared 
sodium 2-pyridoxide12 gave results identical to those ob
tained using 2-pyridone itself: A stream of chlorine was 
passed through a stirred solution of sodium 2-pyridoxide 
dihvdrate (8.0 g.) in a mixture of water (25 ml.) and sulfuric 
acid (5 ml.) at room temperature. After 6 min. white solid 
appeared and the solution soon set to a paste of crystals. 
These were filtered and washed with a little cold water. The 
combined filtrate and washings were treated with chlorine 
as before, and additional crystals were removed in three 
further crops. The combined 3,5-dichloro-2-pyridone, m.p. 
170-173°, weighed 6.5 g. (63%). Recrystallization from 
benzene raised the melting point to 179-181° (reported13 
178-179°).

3-Methyl-5-chloro-2-pyndone. Gaseous chlorine was passed 
through a solution of 3-methyl-2-pyridone14 (12.0 g.) in 
chloroform (175 ml.) until the odor of chlorine persisted 
after introduction of the gas was stopped. The resulting 
paste of pyridone hydrochloride was filtered, washed with 
chloroform, and suspended in fresh chloroform (200 ml.). 
The suspension was refluxed gently, when hydrogen chloride

(5) U. S. Army Biological Warfare Laboratories, Fort 
Detrick, Md.

(6 ) Analyses carried out by Galbraith Laboratories, Knox
ville, Tenn. Melting points are uncorrected.

(7) M. P. Cava and N. K. Bhattacharyya, J. Org. Chem., 
23,1287 (1958).

(8) R. Graf, Ber., 64, 21 (1931).
(9) A. E. Chichibabin and A. F. Egorov, ./. Russ. Phys.- 

Chern Soc., 60, 683 (1928).
(10) A. E. Chichibabin and V. S. Tyazhelova, ./. Russ. 

Phys.-Chem. Soc., 50, 483 (1920).
(11) H. J. den Hertog and J. de Bruvn, Rec. trav. chim., 

70, 182 (1951).
(12) W. T. Caldwell, F. T. Tyson, and L. Lauer, J. Am. 

Chem. Soc.. 66, 1479 (1944).
(13) W. J. Sell. J. Chem. Soc., 93, 2001 (1908).
(14) O. A. Seide, Ber., 57, 1802 (1924).
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was evolved gradually and most of the solid dissolved. The 
filtered solution was concentrated and 30-60° petroleum 
ether was added to yield the methylchloropyridone as a 
white solid, m.p. 160-162° (9.0 g.). From the mother 
liquor was obtained a further 2.5 g. (total yield 11.5 g., 
73%). Recrystallization from benzene gave long white 
needles, m.p. 162-163°.

Anal. Calcd. for C6H6C1N0: C, 50.02; H, 4.18; N, 9.77; 
Cl, 24.42. Found: C, 50.23; H, 4.13; N, 9.83; Cl, 24.37.

3,5-Dichloro-6-melhyl-2-pyridone. Gaseous chlorine was 
passed through a cooled solution of 6-methyl-2-pyridone15 
(18.0 g.) in 2N  sodium hydroxide (90 ml.). The precipitated 
solid was filtered, and the mother liquor chlorinated once 
more to obtain a second crop. The combined solids were dis
solved in benzene, the solution dried (sodium sulfate), con
centrated, and cooled. The crystalline precipitate (11.5 g., 
40%: m.p. 215-218°) was filtered and dried. Recrystalliza- 
tion from benzene raised the melting point to 219-220°.

Anal. Calcd. for C6H6C12N0: C, 40.50: H, 2.81; N, 7.86; 
Cl, 39.30. Found: C, 40.93; H, 2.87; N, 8.08; Cl, 38.99.

2-Pyridoxy acetic acids and derivatives. The procedures 
employed are exemplified by the following preparations in 
the 3,5-dichloro series: Ethyl 3,5-dichloro-2-pyridoxyacetate 
(XI). A 150 ml. 3-necked flask fitted with a reflux condenser, 
mechanical stirrer, and dropping funnel, and containing 3,5- 
dichloro-2-pyridone (8.0 g.), was heated in an oil bath (bath 
temperature 160-165°). Ethyl diazoacetate (10.0 ml.) was 
added dropwise to the stirred pyridone over a period of 3 
hr. (bath temperature 155-165°). Heating was continued 
for 1 additional hr. and the hot dark sirup transferred to a

(15) R. Adams and A. W. Schrecker, J. Am. Chem. Soc.,
71, 1186 (1949).

Claisen flask. Distillation at 2 mm. yielded the desired ester 
XI (b.p. 110-120°; 9.0 g., 74%). On redistillation most of 
the ester boiled at 115-117° (2 mm.), and solidified on cool
ing. Crystallized from 30-60° petroleum ether, it formed 
needles, m.p. 40-41°. For analysis see Table I.

Distillation of the pot residue from the diazoacetic ester 
reaction gave a small amount of viscous liquid (b.p. 160- 
200° at 2 mm.), solidifying on standing to a semisolid mass. 
After several crystallizations from chloroform-petroleum 
ether, the pure ethyl 3,5-dichloropyridone N-acetale formed 
gleaming white flakes, m.p. 105-106°.

Anal. Calcd. for C9H3C1,N03: C, 43.20; H, 3.60; N, 5.06; 
Cl, 28.41. Found: C, 43.36; H, 3.62; N, 5.22; Cl, 28.20.

3.5- Dichloro-2-pyridoxyacetic add (X). To a solution of the 
ethyl ester XI (3.0 g.) in ethanol (20 ml.) was added 1.023JV 
sodium hydroxide (25 ml.), and the mixture was refluxed for
5.5 hr. The solvent was removed under vacuum and the 
residue dissolved in the minimal amount of water and 
neutralized by the addition of the theoretical quantity (22 
ml.) of 1.162Ar sulfuric acid. The precipitated oxyacetie acid 
(2.45 g., 93%) was filtered, washed with a little cold water, 
and dried. Recrystallization from benzene gave small hard 
prisms, m.p. 170-171°. For analysis see Table I.

3.5- Dichloro-2-pyndoxyacetamide (XII). A solution of the 
ethyl ester XI (3.0 g.) in absolute ethanol (65 ml.) was cooled 
and saturated with gaseous ammonia. After several days in 
a refrigerator, the amide separated as long colorless needles, 
m.p. 167-168°, which were filtered and washed with cold 
ethanol. Concentration of the mother liquor yielded a second 
crop; the total yield was 2.2 g. (83%). The first crop of amide 
was directly analytically pure. For analysis see Table I.

C o l u m b u s  10, O h io

[ C o n t r i b u t i o n  f r o m  t h e  M c P h e r s o n  C h e m i c a l  L a b o r a t o r y  o f  T h e  O h i o  S t a t e  U n i v e r s i t y ]

P y r i d i n e  D e r i v a t i v e s .  I I I .  T h e  R e a r r a n g e m e n t  o f  

S o m e  S i m p l e  3 - H a l o p y r i d i n e - A - o x i d e s * 71 1

M. P. CAVA a n d  BORIS WEINSTEIN

Received June 6, 1938

3-Chloropyridine, 3-bromopyridine, and 3-fluoropyridine were oxidized to the corresponding iV-oxides, which were con
verted by hot acetic anhydride to haloacetoxypyridines. Hydrolysis of the latter yielded in all three cases the 3-halo-2- 
pyridones rather than the 5-halo isomers.

When pyridi ne-.V-oxide is heated with acetic 
anhydride rearrangement of the oxygen function 
into the »-position of the ring occurs with the pro
duction of 2-acetoxypyridine.2 The only simple ¡3- 
substituted pyridine-iV-oxide which has been sub
jected to this rearrangement is the 3-methyl deriva
tive, which gives 3-methyl-2-acetoxypyridine. hy
drolyzed by aqueous acid to 3-methyl-2-pyridone.3 
The object of the work reported here was to de
termine whether 3-halopyridine-.V-oxides would 
rearrange in a similar manner to 3-halo-2-acetoxy- 
pyridines, or whether the rearrangement would

( 1 ) Supported by a contract with the U. S. Army Chemical 
Corps, Fort Detrick, Frederick, Md.

(2) For a review of pyridine-A'-oxide reactions, see: 
A. R. Katritzsky, Quart. Revs., 10, 395 (1956).

(3) V. Boekelheide and W. J. Linn, J. Arr,. Chem. Soc.,
76, 1286 [19541.

occur para to the halogen atoms to give o-halo-2- 
acetoxypyridines.

3-Fluoropyridine (I), 3-chloropyridine (II), and
3-bromopyridine (III) were converted to the cor
responding W-oxides (IV, V, and VI) by oxidation 
with peracetic acid. Each V-oxide was rearranged 
by boiling acetic anhydride, and the substituted 
2-acetoxypyridines (VII, VIII, and IX) which 
were formed were hydrolyzed to the corresponding 
2-pyridones. In all cases only a single 2-pyridone 
was obtained, and this proved to be the 3-halo- 
derivative (X, XI, and XII). 3-Chloro-2-pyridone 
has been reported previously,4 but 3-bromo-2- 
pyridone and 3-fluoro-2-pyridone are new com
pounds. However, 5-bromo-2-pyridone5 and 5-

(4) M. P. Cava and N. K. Bhattacharyya, J. Org. Chem., 
23, 1287 (1958).

(5) A. E. Chichibabin and V. S. Tyazhelova, J. Russ. 
Phys. Chem. Soc., 50, 483 (1920).
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fluoro-2-pyridone6 a re  know n, a n d  w ere show n to  
be d iffe ren t in  m elting  p o in t a n d  in fra red  sp ec tru m  
from  th e  p y ridones o b ta in ed  via  th e  iV-oxide re a r
ran g em en t.

I, R = F IV, R = F VII, It = F X, R = F
II, R = Cl V, R = Cl VIII, R = Cl XI, R = Ci

III, R = Br VI, R = Br IX, R = Br XII, R = Br

T h e  effect of th e  3-halo  su b s titu e n ts  on th e  u l
tra v io le t sp e c tru m  of th e  2 -py ridone  sy stem  is of 
som e in te re s t (T ab le  I) . 3 -F luo ro -2 -py ridone  ex
h ib its  m ax im a a lm o st id en tica l to  th o se  of th e  
p a re n t  2 -p y ridone ,7 8 9 10 b u t  3 -ch lo ro -2 -pyridone an d
3 -b rom o-2-pvridone show  ap p rec iab le  b a thoch rom ic  
sh ifts.

TABLE I
U l t r a v io l e t  M a x im a  o f  3 - H a l o - 2 - p y r i d o \ e s  

( in  9 5 %  E t h a n o l )

3-Sub-
stituent

Mm
r̂aax (Emax)

Mm
m̂ax (Emax)

H7 227(10,000) 297(6310)
F 226(5950) 296(5510)
Cl 233(5310) 306(6060)
Br 234(4350) 310(6680)

E X P E R I M E N T A L 8

3-Chloropyridine-N-oxide (V). A mixture of 3-chloro- 
pyridine (II, 2.50 g.), glacial acetic acid (45 ml.) and 30% 
aqueous hydrogen peroxide (10 ml.) was heated on a steam 
bath for 3 hr. An additional 5 ml. of 30% hydrogen peroxide 
was added and the solution was reheated for four days. The 
mixture was concentrated under reduced pressure to 20 ml., 
an equal volume of water was added, and the solution was 
concentrated to a sirup. Solid potassium carbonate (10.0 
g.) was added and the residue was continuously extracted 
with chloroform overnight. The extract was concentrated 
under reduced pressure and the remaining liquid was dis
tilled to give 1.00 g. (35%) of a colorless oil, b.p. 88-89° 
(1 mm.).

The hydroc hloride of 3-chloropyridine-.Y-oxide was ob
tained from water as needles, m.p. 127.5-128.5°.

Anal. Calcd. for C5H5C12X0: C, 36.17; H, 3.04; Cl, 42.71; 
N, 8.44. Found: C, 36.20; H, 2.99; Cl, 42.62; N, 8.61.

2-Acetoxy-3-chloropyridine (VIII). A solution of 3-chloro- 
pyridine-.Y-oxide (V, 0.90 g.) in acetic anhydride (15 ml.) 
was boiled under reflux for 4 hr. The reaction mixture was 
distilled directly to give 0.72 g. (61%) of a colorless liquid, 
b.p. 54-55° (1 mm.). The compound was not submitted to 
analysis since it hydrolyzed readily in air to the pyridone.

(6) M. P. Cava and X. K. Bhattacharyya, J. Org. Chem., 
to be published.

(7) H. Specker and H. Gawrosch, Ber., 75, 1338 (1942).
(8) Melting points and boiling points are uncorrected. 

Analyses were performed by Galbraith Laboratories, Knox
ville, Tenn.

8-Chloro-2-pyridone (XI). A mixture of 2-acetoxy-3- 
chloropyridine (VIII, 0.68 g.) in 10% aqueous hydrochloric 
acid (10 ml.) was heated undor reflux for 4 hr., then neutral
ized to the Congo Red endpoint with potassium hydroxide 
pellets and evaporated to dryness on a steam bath. The 
solid residue was broken up and was extracted several times 
with hot benzene. The combined extracts upon concentration 
and standing gave 0.40 g. (78%) of needles, m.p. 181.8- 
182.8°. An authentic sample4 showed an identical infrared 
spectrum and gave no mixed melting point depression.

Anal. Calcd. for C6H4C1N0: C, 46.35; H, 3.11; Cl, 28.14; 
X, 10.90. Found: C, 46.70; H, 3.48; Cl, 27.75; N, 11.05.

3-Bromopyridine-N-oxide (VI). A mixture containing 3- 
bromopyridine (III, 10.00 g.), glacial acetic acid (50 ml.), 
and 30% aqueous hydrogen peroxide (10 ml.) was treated 
exactly as described for 3-chloropyridine. The residual liquid 
was distilled to give 5.07 g. (46%) of a viscous oil, b.p. 97- 
99° (0.5 mm.).

The hydrochloride of S-bromopyridine-M-oxide was ob
tained from water as needles, m.p. 133.5-134.5° (dimor
phism ?); reported, m.p. 181.5° and 181-182°.’A®

Anal. Calcd. for C5H5BrClX(): C, 28.53; H, 2.39; Br, 
37.97; Cl, 16.85; N, 6.66. Found: C, 28.64: H, 2.30; Br, 
37.92; Cl, 16.71; N, 6.74.

2- Acetoxy-3-bromopyridine (IX). A solution of 3-bromo- 
pyridine-M-oxide (VI, 2.50 g.) in acetic anhydride (15 ml.) 
was treated as described for 3-chloropyridine-.V-oxide. Dis
tillation gave 1.55 g. (50%) of a colorless liquid; b.p. 77- 
78° (0.5 mm.). The ready hydrolysis of the compound pre
cluded an analysis.

S-Bromo-2-pyridone (XII). A mixture of 2-acetoxy-3- 
bromopyridine (IX, 1.08 g.) in 10% hydrochloric acid (10 
ml.) was treated as described for 2-aeetoxy-3-chloropyridine. 
The concentrated benzene extracts gave 0.69 g. (80%) of 
needles, m.p. 136.5-187.0°.

Anal. Calcd. for CslLBrXO: C, 34.51; H, 2.31; Br, 45.93; 
X, 8.05. Found: C, 34.74; H, 1.97; Br, 46.13; X, 8.13.

3- Fluoropyridine-N-oxide (IV). A mixture containing 3- 
fluoropyricine (I, 7.63 g.), glacial acetic acid (50 ml.), and 
30% aqueous hydrogen peroxide (10 ml.) was treated as 
described for 3-chloropyridine. The residual solid was sub
limed under vacuum to give 2.12 g. (19%) of needles, m.p.
62.5-63.0°; on exposure to the atmosphere, the needles 
liquefied almost immediately.

The picrate of 3-fluoropyridine-iV-oxide was obtained from 
benzene as needles, m.p. 107.0-108.0°.

Anal. Calcd. for C„H,FX40 8: C, 38.61; H, 2.06. Found: 
C, 38.77; H, 2.41.

2-Acetoxy-3-fluoropyndine (VII). A mixture containing 
3-fluoropyridine-X-oxide (IV, 2.26 g.) in acetic anhydride 
(15 ml.) was treated as described for 3-chloropyridine-.V- 
oxide. Distillation gave 2.22 g. (65%) of a colorless liquid; 
b.p. 82-83° (1 mm.). Read}- hydrolysis of the compound 
prevented an analysis.

S-Pluoro-2-pyridone (X). A mixture of 2-aeetoxy-3-fluoro- 
pyridine (VII, 0.51 g.) and 10% hydrochloric acid (10 ml.) 
was treated as described for 2-acetoxy-3-chloropyridine. 
The concentrated benzene extracts gave 0.27 g. (80%) of 
needles, m.p. 166.0-166.5°.

Anal. Calcd. for C6H4FNO: C, 53.10; H, 3.56; F, 16.80; 
X, 12.39. Found: C, 53.15; H, 3.61; F, 16.71; X, 12.37.

C o lu m b u s  10, O hio

(9) E. Ochiai, M. Ishikawa, S. Zai-Ren, J. Pharm. Soc. 
{Japan), 6 4 ,  Xo. 10A, 72 (1944).

(10) E. J. Den Hertog and J. Overhoff, Rec. trav. chim., 
69, 468 (1950).
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[Co n t r ib u t io n  fr o m  t h e  P io n e e r in g  R e s e a r c h  D iv is io n  o f  t h e  
Q u a r t e r m a s t e r  R e s e a r c h  a n d  E n g in e e r in g  C e n t e r ]

A Study of /3-Amino-a,(3-unsaturated Ketones1

JULIUS WEINSTEIN a n d  GEORGE M. WYMAN2

Received July 15, 1958

A study of the N—H stretching bands of 4-(2'-cyanoethyl)amino-3-penten-2-one (I) and 4-amino-3-penten-2-one (II) 
in the 3 n region of the infrared spectrum is described. Evidence is provided for the presence of intramolecular hydrogen 
bonds in these compounds in both the solid and solution phases. The existence of II in polymeric aggregates, held together 
by intermolecular hydrogen bonding is also shown. These conclusions are confirmed by measurements in the 6 region, 
and the assignment of a band to N—H deformation is made. The spectroscopic data support the enamine (IV) structure 
for these compounds rather than the imine (V) structure. Photochemical isomerization studies of I and 4-A'-(2'-cyano- 
ethyl)methylamino-3-penten-2-one (III) provide evidence for both cis and Irans isomers of these compounds. The results 
of a spectroscopic investigation of the positive ferric chloride test given by I and II in ethanol suggest that these compounds 
form complexes with ferric chloride prior to their hydrolysis to acetylacetone. Positive ferric chloride tests are reported for 
I and II in chloroform.

An infrared absorption study of /3-ixnYino-o;,/3- 
unsaturated ketones was carried out by Cromwell, 
Miller, and co-workers.3 These investigators found 
the C = 0  band at unusually long wave lengths and 
attributed this to an appreciable contribution of 
the ionic resonance form (a) to the ground state. 
The fact that the displacement of the C = 0  band

(+ )
R R ' R R '

\  / \ /
) Nj O ( - )  N 

II
c = c —c h 3 CH3—C =C —C—(

A i
(a)

I, R = H, R ' = CH2CH2f e N
II, R =  R ' =  H

III, R = CH3, R ' = CH2CH2C =N

was greatest in those compounds where It or R ' = 
H suggested the presence ol intramolecular hydro
gen bonds. Their study was devoted mainly to a 
consideration of the absorption bands in the 6 
region of the spectra of the amino ketones measured 
as solids. The work reported here was concerned, in 
part, with an investigation of the N—H stretching 
bands of I and II in the 3 n region, in order to ob
tain additional information concerning the nature 
of the hydrogen bonding which occurs in the solid 
and solution states. In order to obtain additional 
data, measurements on I, II, and III in solution and 
as solids were made in the 6 /i region.

Associated with the hydrogen bonding problem 
is that of the geometry of the d-amino-os/l-un- 
saturated ketones. Chelation would tend to stabilize 
compounds I and II in the configuration in which

(1) Presented before the Division of Organic Chemistry 
at the 131st Meeting of the American Chemical Society, 
Miami, Fla., April 1957.

(2) Present address: U. S. Arm}' Research & Develop
ment Liaison Group, Rheingau Allee 2, Frankfurt a/Main, 
Germany.

(3) N. H. Cromwell, F. A. Miller, A. R. Johnson, R. L. 
Frank, and D. J. Wallace, J. Am. Chetn. Soc., 71, 3337
(1949).

the functional groups are cis with respect to one 
another. However, the existence of these compounds 
in the trans modification is possible and might be 
observed under the proper conditions. In the case 
of III, steric factors would be expected to be of im
portance in determining the relative stability of 
the two isomers. In this work, direct evidence for 
these cis and trans isomers was sought by photo
chemical studies.

When compounds I, II, and III are treated with 
1% ethanolic ferric chloride, a red color is im
mediately formed.3 This color might be due solely 
to the ferric chloride-acetylacetone complex. Acetyl
acetone is readily formed by the hydrolysis of the 
d-amino-o,d-unsaturated ketones under acidic con
ditions. However, the instantaneity of the color for
mation might signify initial complex formation be
tween the amino-ketones and ferric chloride. It was 
decided, therefore, to investigate the color reaction 
spectroscopically.

RESULTS AND DISCUSSION

Infrared, absorption spectra. The spectrum of com
pound I in carbon tetrachloride solution showed a 
band at 3.16 fi (with a shoulder at 3.11 /x). The in
tensity of this band did not change on dilution, in
dicating that the absorption band is due to the vi
bration of the N—H group engaged in an intra
molecular hydrogen bond with the carbonyl oxy
gen. This assignment is further substantiated by 
the observation that no band attributable to free 
N—H was formed on dilution. The internal hydro
gen bond persists in the solid state, as shown by 
the presence of. an absorption band at 3.16 n in the 
spectrum of the solid. Previous workers did not de
tect this band.4

(4) Cromwell, et al., cf. ref. (3), attributed the failure to 
observe the N—H stretching frequency to a shift of this band 
to slightly longer wave lengths (near 3.4 n) where it would 
be obscured by the C—H stretching frequencies of “Nu- 
jol.”
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The spectrum of II in carbon tetrachloride 
showed several bands in the N—H stretching re
gion. Two of these bands (2.86 p and 2.96 p) were 
strongly affected by dilution, as shown in Fig. 1.

A B

Fig. 1. Curve A represents the infrared absorption spec
trum in the 3 p region of a dilute solution of II in CCh, 
measured in a 0.5 mm. cell. Curve B is the spectrum observed 
after the solution was diluted to V4 its original concentra
tion and measured in a 2.0 mm. cell

The band at 2.86 p which showed an intensity in
crease on dilution is attributed to free N—H. The
2.96 p band, which on dilution showed a decrease in 
intensity, is due to intermolecularly bonded N—H. 
The doublet at 3.09 and 3.15 p showed no intensity 
change, and is assigned to intramolecularly bonded 
N—H. In the spectrum of II in the solid phase two 
absorption bands were found, one at 2.98 p and the 
other at 3.14 p. The 2.98 p band corresponds to the
2.96 p band in the solution spectrum, and is due 
to intermolecularly bonded N—H. The absence of 
an absorption band at shorter wave lengths, attrib
utable to free N—H, indicates that association 
through intermolecular hydrogen bonding is com
plete in the solid state. The band at 3.14 p is attrib
uted to intramolecularly bonded N—H. Band as
signments in the 3 p region are listed in Table I.

TABLE I
I n f r a r e d  B a n d  A s s ig n m e n t s  in  t h e  3p R e g io n

Com
pound State

Free 
N—H 

Cm)

Inter
molec
ularly 

Bonded 
N—H 

(m)

Intra
molecularly 

Bonded 
N—H (M)

I Solid a a 3.16(3.11 )5 & 7
Solution a a 3.16(3.11)

II Solid a 2.98 3.14
Solution 2.86 2.96 3.09, 3 15

a No absorption band. 6 Shoulders on the main absorption 
band are indicated in parentheses.

In agreement with the evidence of Cromwell and 
co-workers, 3>5-7 the present spectroscopic data sup

(5) N. H. Cromwell and W. R. Watson, J. Org. Chem., 
14, 411 (1949).

(6) N. H. Cromwell and R. S. Johnson, J. Am. Chem. 
Soc., 65, 2481 (1943).

(7) N. H. Cromwell and R. S. Johnson, J. Am. Chem.
Soc., 65, 316 (1943).

port the enamine (IV) structure for the compounds 
investigated, rather than the imine (V) structure.

c h 3—c —c = d —c h 3 c h 3—d — (!—c h 3

i  i
IV V

The imine structure was recently proposed by Ed
wards and Petrow8 for the condensation products 
of 0-, to- and p-chloroaniline with acetylacetone. If 
I possessed the imine structure, then the spectrum 
of I would not show an N—H band.

The carbonyl absorption band of I and III in car
bon tetrachloride appeared at 6.18 p and 6.04 p 
respectively. On dilution the carbonyl band did 
not show a wave length or intensity change in either 
case. This observation provides additional support 
for a chelate structure for I, and also agrees with 
the expected behavior of III, where there is no 
N—H available for the formation of intermolecular 
hydrogen bonds.

The spectra in the 6 p region of II in carbon tetra
chloride and in the solid state are shown in Fig. 2.

WAVELENGTH IN MICRONS
Fig. 2. The infrared absorption spectra of II in the 6 p

region: (-------- ) CC14 solution measured in a 0.1 mm. cell;
(-------- ) solution diluted to 1/ h its initial concentration and
measured in a 0.5 mm. cell; (--------) solid dispersed in a
KBr pellet

In the spectrum of the solid a strong, broad band 
was found at 6.17 p. This absorption, however, was 
resolved into two strong bands in the solution spec
tra. In the more concentrated solution the carbonyl 
band appeared at 6.13 p and the second band at
6.26 p. On dilution the carbonyl band was found at
6.12 p, and showed a marked intensity increase. 
This behavior is attributed to the dissociation of

(8) W. G. H. Edwards and V. Petrow, J. Chem. Soc., 
2853 (1954).
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interniolecular hydrogen bonds. The intensity in
crease also shown by the 6.26 p band on dilution 
suggests its assignment to an N—H deformation 
vibration. The 6.26 p band is found within the 
wave-length range observed for primary amines.9 
In the spectrum of the solid the broad band at
6.17 p results from the overlapping of the carbonyl 
band shifted to longer wave lengths and the N—H 
band shifted to shorter wave lengths. It was found, 
when solid and solution samples of comparable 
concentrations were measured, that the area under 
the 6.17 p band in the spectrum of the solid agreed 
within 4% with the total area under the 6.13 ju and
6.26 p bands in the solution spectrum. Shifts of the 
carbonyl stretching and N—H deformation bands 
in opposite directions upon changes of state result 
from the formation or dissociation of intermolecular 
hydrogen bonds, and have been reported for 
amides.10 In the spectrum of the more concentrated 
solution a significant contribution from the 6.17 p 
band was observed on the long wavelength side of 
the C = 0  absorption.

A strong band at 6.30 p appeared in both the 
solution and solid spectra of I. This absorption is 
found within the wave-length range observed for 
the X—H deformation band of secondary amines.9 
Normally this band is weak, but it appears as a 
medium to strong band in secondary amides.10’11 
Compound I, as well as II and III, is a vinylog of 
an amide, and this may account for the enhanced 
intensity of the X—H deformation band. Failure 
to observe a wave-length shift of this band upon a 
phase change can be attributed to the fact that I is 
not associated through hydrogen bonding.

In the solid and solution spectra of the tertiary 
amine (III) there was no absorption corresponding 
to the bands assigned to X—H deformation in the

TABLE II
I n f r a r e d  B a n d s  i n  t h e  6 m R e g i o n

Com
pound State

C = 0
Stretch

ing
(m)

N—H 
Deforma

tion 
00 (pT

I Solution 6.18 6.30 6.62
Solid9 6 20 6.30 6.59

II Solution 6.13e 6.26 6.52
Solid9 6 .17d 6.17“ 6.50

III Solution 6.04 6 6.44
Solid9 6.11 e 6.51

a See ref. (3) for a discussion of the origin of this band. 
9 Samples were dispersed in potassium bromide pellets. 
c In more dilute solution the band was found at 6.12 p . 
d Results from the overlapping of the C = 0  and N-—H 
bands. e No absorption band.

(9) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, John Wiley & Sons, New York, 1954, p. 212.

(10) R. E. Richards and H. W. Thompson, J. Chem. 
Soc., 1248 (1947).

(11) The Chemistry of Penicillin, Princeton University
Press, Princeton, N. J., 1949, p. 389.

spectra of I and II. Band assignments in the 6 p 
region are fisted in Table II.

In a recent infrared study of II in the liquid phase 
a carbonyl band was reported at 5.88 p.u This was 
interpreted as evidence for structure V (R = H) 
in a non-hydrogen bonded configuration. In the 
present investigation no evidence for this struc
tural assignment was found in either the solution or 
solid phase. The 5.88 p band was also missing from 
the solid spectrum of the analogous compound, 4- 
amino-3-methyl-3-penten-2-one, studied by Crom
well. 3

P h o t o c h e m i c a l  i s o m e r i z a t i o n  a n d  d e c o m p o s i t i o n .  
It has been shown for other conjugated, unsatu
rated compounds that irradiation of their solutions 
with fight of a wave length corresponding approxi
mately to the wave length of their absorption band, 
results in some geometrical isomerization.13 Re
versal of the reaction occurs when the solution is al
lowed to stand after the exciting radiation is re
moved.

In Fig. 3, the curve of highest absorption inten
sity represents the ultraviolet spectrum of an iso
octane solution of I prior to irradiation. When the

WAVELENGTH, M/x
Fig. 3. The ultraviolet absorption spectra of I in iso

octane before irradiation with the 313 my line from a mer
cury arc (-------- ) and after irradiation for six minutes
(-------- ). The original curve (-------- ) is obtained when the
solution is allowed to stand for 35 minutes in the dark, after 
irradiation

solution was irradiated for 6 minutes with the 313 
Tri/i fine from a medium pressure mercury arc, par
tial conversion to the less stable isomer occurred, 
as shown by the decrease in the intensity of ab
sorption and the shift of the band to shorter wave 
lengths. The original spectrum was again observed 
when the solution was allowed to stand in darkness 
for 35 minutes at room temperature. Since the in
frared data provide evidence for chelation, the

(12) H. F. Holtzclaw, Jr., J. P. Collman, and R. M. 
Alire, J. Am. Chem. Soc., 80, 1100 (1958).

(13) G. M. Wyman, Chem. Revs., 55, 625 (1955).
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more stable isomer is that in which the carbonyl 
and amino groups are cis.

Compound II decomposed under the conditions 
employed (irradiation with the 254-265 mp mer
cury lines) as shown by the irreversibility of the 
spectral changes. No evidence was obtained for the 
existence of geometrical isomers. However, it can 
be inferred from the infrared data that the more 
stable structure is that in which both the carbonyl 
and amino groups lie on the same side of the mole
cule. The hydrogen bonding and geometrical ar
rangement in this molecule may be represented by 
structure VI. This structure also indicates the ex
istence of II in polymeric aggregates.

A
/ \

CH3—C C—CHa

O- N

Fig. 4. The visible absorption spectra of I in ethanolic
FeCl3. Initial absorption (-------- ); absorption after 15
minutes (-------- ); absorption after 35 minutes, when the
change was complete (--------)

H H H H
\ / \ /

O N

CH,—A A—CH,Y
A

VI

A reversible spectral change, similar to that ob
served with compound I, was noted when an iso
octane solution of III was irradiated with the 313 
mu mercury line for 4 minutes. In the cis configura
tion (similar to VI) this compound could not be 
coplanar, due to overcrowding introduced by the 
bulky groups on the nitrogen atom. Consequently, 
it is probable that the more stable isomer is the one 
in which the functional groups are in a trans con
figuration with respect to one another.

Ferric chloride test. The visible absorption spec
tra of I, II, and III in 1% ethanolic ferric chloride 
were measured. In the spectra of I and II an initial 
absorption band was observed which gradually 
shifted to shorter wave lengths, and became more 
intense as the compounds hydrolyzed to give finally 
the 434 mu band of the iron-acetylacetone complex. 
For compound I these absorption changes are 
shown in Fig. 4. The initial absorption band may be 
attributed to complex formation between the /3- 
amino-a,|8-unsaturated ketones and ferric chloride. 
The nature of this complex must be speculative at 
this time. However, complex formation may signify 
that I and II exist to a slight extent in the enol (VII) 
structure in ethanol, although the enamine (IV) 
structure apparently predominates in the solid 
phase and in the non-polar solvent, carbon tetra
chloride. Removal of the enol by complex forma
tion would rapidly shift a keto-enol equilibrium 
toward the formation of more enol.14

(14) A. Hantzsch, Ber., 43, 3049 (1910).

OH N—R

CH3—¿ = C —C—CH3

i
VII

No change was observed in the initial absorption 
spectrum of III. The absorption band at 434 m/z 
due to the iron-acetylacetone complex was found 
immediately. For this compound the positive ferric 
chloride test results solely from its rapid hydrolysis 
to acetylacetone under the experimental conditions.

Chloroform solutions of compounds I and II 
immediately produced a pink color when treated 
with a few drops of chloroform solution of anhy
drous ferric chloride. The color change may be at
tributed to complex formation between ferric chlo
ride and the amino ketones. Compounds I and II 
may possibly exist to a small extent in the enol form 
in chloroform.

No immediate color change occurred when III 
was treated in the same way. On standing, how
ever, the chloroform solution gradually became 
yellow. In this compound there is no enolizable 
hydrogen. The yellow color probably results from 
the gradual formation of a ferric chloride complex 
of a decomposition product of III.

E X P E R IM E N T A L

fi-Aminopropionitrile. The procedure of Buc, Ford, and 
Wise15 was employed using 1950 ml. (30 moles) of concen
trated ammonium hydroxide and 396 ml. (6 moles) of acrylo
nitrile. The yield was 100 g. (23%), b.p. 46-48° (4 mm.). 
The picrate had m.p. 178° (lit.,3 178°).

@-Methylaminopropionitrile. The procedure of Whitmore 
and co-workers16 was employed using 106 g. (2.00 moles) of

(15) S. R. Buc, J. H. Ford, and E. C. Wise, J. Am. 
Chem. Soc., 67, 92 (1945).

(16) F. C. Whitmore, H. S. Mosher, R. R. Adams, 
R. B. Taylor, E. C. Chapin, C. Weisel, and W. Yanko, 
J. Am. Chem. Soc., 66, 725 (1944).
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acrylonitrile and 372 g. (3.00 moles of amine) of 25% aqueous 
methylamine. The yield was 110 g. (65.5%), b.p. 37° (4 
mm.).

4-(2'-Cyanoethyl)-amino-3-penten-3-onc (I). The method 
of Cromwell and coworkers3 was employed using 13.5 g. 
(0.19 mole) of 3-aminopropionitrile and 20.0 g. (0.20 mole) 
of acetylacetone. The yield was 28 g., m.p. 89.5-90° (lit.,3
89.5-90°), after three recrystallizations from benzene- 
petroleum ether (3:1).

4-Amino-3-penten-2-one (II). The method of Combes and 
Combes17 was applied using 10.0 g. (0.1 mole) of acetyl
acetone and anhydrous ammonia. The product crystallized 
on standing and was purified by distillation at reduced 
pressure. The yield was 8.3 g., m.p. 43° (lit.,16 43°).

4--N-(2'-Cyanoethyl)-methylamino-3-penten-2-one (III). The 
method of Cromwell and coworkers3 was employed using
20.0 g. (0.20 mole) of acetylacetone and 17.0 g. (6.20 mole) 
of /3-methylammopropionitrile. The yield was 32.5 g. The 
product was recrystallized three times from benzene- 
petroleum ether, and gave m.p. 69-70° (lit.,3 69-70°).

Ferric chloride studies. Solutions for the spectroscopic 
study were prepared by the addition of excess ketone to a

TABLE III
U l t r a v io l e t  A b s o r p t io n  B a n d s  o f  t h e  A m in o  K e t o n e s  

in  V a r io u s  M e d ia  (m p )
Com
pound

95%
EtOH

Iso
octane H20

0.1 N  
KOH

I 308 298 310 311
II 300 286 300 301

III 306 289 313 313

(17) A. Combes and C. Combes, Bull. Soc. Chitn., (3) 7, 
779 (1892).

small volume of 1% ethanolic ferric chloride solution. The 
solutions were measured in a 1 cm. cell against ethanol as 
the reference solvent.

The ferric chloride tests in chloroform solution vTere car
ried out according to the method of Solowav and Wilen.18

Measurements in the visible and ultraviolet region. The Cary 
Spectrophotometer (Model 11) was used for measurements 
in these regions. Spectra were measured on solutions (against 
the solvent as reference).

Measurements in the infrared region. The samples were 
measured as solids dispersed in potassium bromide pellets 
(against a pure potassium bromide pellet as reference) or 
mulled in “Halocarbon Oil” 19 1 (against the pure oil as refer
ence). The samples were also studied in solution in carbon 
tetrachloride, against carbon tetrachloride as reference. A 
Beckman IR-3 spectrophotometer was used for the measure
ments. Lithium fluoride and sodium chloride optics were 
used for studies in the 3 p and 6 p regions, respectively.

Photochemical isomerization. The solutions contained in a 
1 cm. quartz cell were exposed to ultraviolet radiation from 
a General Electric AH-4 mercury arc without the glass 
envelope. To prevent excessive heating of the sample, a 
water filled cell was placed between the source and the 
sample cell. For irradiation with the 313 mp mercury line, 
a Pyrex glass filter w’as used to cut off radiation lines below 
300 mp. No filter was used for irradiation with the 254-265 
m/ii mercury lines.

N a t ic k , M a ss .

(18) S. Soloway and S. H. Wilen, Anal. Chem., 24, 979 
(1952).

(19) “Halocarbon Oil” is a blend of completely halo- 
genated ehlorofluorocarbons and was obtained from the 
Halocarbon Products Corp., Hackensack, N. J.

[Co n t r ib u t io n  fr o m  t h e  C o l l e g e  o f  P h a rm a c y , B u t l e r  U n iv e r s it y ]

U s e  o f  A n i o n  E x c h a n g e  R e s i n s  i n  t h e  S y n t h e s i s  o f  B e n z y l  E t h e r s  o f  P h e n o l s

EDWARD J. ROWE, KARL L. KAUFMAN, a n d  CLAUDE PIANTADOSI1 

Received February 18, 1958

Benzyl ether formation of a number of phenols can be effected by treating the phenolate of a strongly basic anion exchange
resm with an ethanol solution of benzyl chloride. The 
ethers have been prepared and their identification shown.

Benzyl ethers of phenols are usually synthesized 
by coupling an alkali phenolate and benzyl halide in 
an appropriate solvent with the aid of heat. This 
report presents a method for carrying out the syn
thesis at room temperature by the use of the pheno- 
lates of strongly basic anion exchange resins. The 
resins used are based on polystyrene and contain 
quaternary ammonium groups.

The method consists of absorbing the phenol on 
the resin.2 The phenol-absorbed resin is then treated

(1) Present address: School of Pharmacy, University of 
North Carolina, Chapel Hill.

(2) The reaction also occurs if the phenol is dissolved in 
the ethanol with the benzyl chloride. Subsequent separation 
of the benzyl ether is simplified and the yield improved if ab
sorption of the phenol on the resin is carried out first.

ional column and batch techniques are used. Eleven benzyl

with an ethanol solution of benzyl chloride by the 
conventional column or batch techniques employed 
in ion exchange resin technology. Generally a pure 
product may be obtained on a single crystallization 
of the residue from evaporation of the eluate or fil
trate.

The method is particularly applicable to the 
synthesis of benzyl ethers of monohydric phenols. 
The dihydric phenols, hydroquinone and resorcinol, 
yield, in the case of hydroquinone, a mixture of 
both mono and dibenzyl ethers; in the case of re
sorcinol, the dibenzyl ether only.

The phenol benzyl ethers prepared by both 
column and batch techniques are summarized in 
Table I. The yields are based upon the amount of 
the phenol converted to the benzyl ether.
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TABLE I
B e n z y l  E t h e r s  P r e p a r e d  f r o m  B e n z y l  C h l o r i d e  a n d  P h e n o l s  w i t h  A n i o n  E x c h a n g e  R e s i n s

Benzyl Ether Resin

Yield, %
Column Batch M.P., 
techn. techn. °C.

M.P., °C. 
(lit.)

Analyses" 
Calcd. Found

Phenol A" 57 62 39-39.5° 39° 407
Fri 66 __e

Chlorothymol A 74 83 54.5-55 5510 C 74.30 74.21
H 6.97 7.01

Thvmol A 90 81 Oil'
Guaiacol A 66 63 57.5-58.5" 57.5-58.516

D 63 __e

Eugenol A 72 79 27-27.5 30-3117 C 80.24 80.83
H 7.13 7.64

p-Bromophenol A 55 38 63-64 646 Br 30.38 30.4
p-Nitrophenol A 20 23 106-106.5 10618 C 68.11 68.40

H 4.84 4.83
Alpha Naphthol A 52 52 77-77.5 77-77.519 C 87.15 87.23

H 6.02 6.49
Beta Naphthol A 43 53 99.5-1C0 9920 10021 C 87.15 87.92

H 6.02 6.37
Hydroquinone A Mono 9 14 121-121.5" 121-12214

Di 10 27 128.5-129 128-12912 13013 C 82.73 82.82
H 6.25 6.66

Resorcinol A Mono —1 --¿
Di —1 16 73-74 73-7414 C 82.73 83.06

H 6.25 6.45
a Carried out by Drs. Weiler and Strauss, Oxford, England, and by the Microanalytical Laboratory, Organic Chemistry 

Division, Eli Lilly & Co., Indianapolis. 6 Refers to Amberlite IRA-400. c B.p. 285-286° uncorr.; lit.8 b.p. 286-287° uncorr. 
d Refers to Dowex 1-X4. ‘ Not carried out. 'B .p . 169-170° (7 mm.), n2Dc 1.5553; lit.15 b.p. 169-170° (7 mm.), n2D° 1.5556. 
" n2o 1.5737; lit.16 ayf 1.5780. * Mixture melting point with authentic sample showed no depression. * Attempts to isolate 
monobenzyl ether were unsuccessful. 1 Attempts to isolate dibenzyl ether were unsuccessful.

E X P E R IM E N T A L

Resin preparation. Amberlite IRA-4003 and Dowex 1- 
X44 as supplied commercially (20-50 mesh) were converted 
to their hydroxyl form by the usual column technique with 
5% aqueous sodium hydroxide (4 to 5 times the volume of 
resin). The resins were rinsed with distilled water until the 
washings were neutral, and then with absolute methanol. 
The residual methanol was removed by passing a current of 
carbon dioxide-free air through the column of resin.

Absorption of the phenol on the resin. The quantity of resin 
employed for each benzyl ether synthesis was based upon 
the absorption capacity of the air-dried resin as determined 
by the method of Kunin and Myers.5 6 About 15 to 20% ex
cess resin was used to absorb the phenol. A general procedure 
was followed: The phenol (0.05 mole) was dissolved in 250 to 
300 ml. distilled water or, if necessary, in dilute sodium hy
droxide solution and passed through the resin in a column 
20 mm. in diameter. The resin column was first rinsed with 
distilled water until the washings were neutral, then with two 
75-ml. portions of ethanol.

Benzyl ether formation of monohydric phenols. The prepara
tion of phenyl benzyl ether illustrates the synthesis of the 
benzyl ethers by the column technique.

A column 20 mm. in diameter packed with 35 g. of Dowex 
1-X4 upon which 4.7 g. (0.05 mole) of Phenol U.S.P. had been 
absorbed was eluted with 400 ml. of ethanol containing
16.4 g. (0.13 mole) of benzyl chloride. The rate of flow' w'as 1 
ml. per minute. The column was then rinsed with 150 ml. of 
ethanol. Evaporation to dryness of the combined eluate and 
rinse yielded 6.10 g. (66%) of phenyl benzyl ether, m.p.

(3) Analytical grade manufactured by Rohm & Haas 
Co., Philadelphia, Pa.

(4) Supplied through the courtesy of Dow Chemical Co., 
Midland, Mich.

(5) R. Kunin and R. J. Myers, Ion Exchange Resins, 
John Wiley and Sons, Inc., New York, 1950, p. 150.

38-38.5°. The product on a single crystallization from 
ethanol melted at 39-39.5°; lit.6’7 m.p. 39°, 40°. The b.p. 
was 285-286° uncorr.; lit.8 b.p. 286-287° uncorr.

The preparation of chlorothymol benzyl ether illustrates 
the synthesis of the benzyl ethers by the batch technique.

Twenty-five grams of Amberlite IRA-400 upon which 
9.23 g. (0.05 mole) of chlorothymol had been absorbed was 
placed in a 500-ml. ground glass-stoppered erlenmyer flask. 
Three hundred milliliters of ethanol and 9.5 g. (0.075 mole) 
of benzyl chloride were then added. The mixture -was me
chanically agitated for 72 hr. At the end of this period the 
resin was filtered off and washed on the filter with 150 ml. 
ethanol.9 Evaporation to dryness of the combined filtrate 
and washings yielded 11.74 g. of white crystals melting at
52.5-53.5°. The product crystallized once from ethanol 
yielded 10.9 g. (83%) of chlorothymol benzyl ether melt
ing at 54.5-55°; lit.10 m.p. 55°.

Anal. Calcd. for CnHmClO: C, 74.30; H, 6.97. Found: 
C, 74.21; H, 7.01.

Benzyl ether formation of dihydric phenols. The preparation 
of the benzyl ethers of hydroquinone and resorcinol paral
leled the column and batch operations described for the 
synthesis o: phenyl benzyl ether and chlorothymol benzyl 
ether; except that the quantities of benzyl chloride wrere 
increased11 and the quantity of resin (for the batch opera

(6) S. G. Pow'ell and R. Adams, J. Am. Chem. Soc., 42, 
656 (1920).

(7) C. A. BischofT and A. von Hedenstrom, Ber., 35, 
3434 (1902).

(8) F. Sintenis, Ann., 161, 337 (1872).
(9) Ether was found to be more satisfactory for washing 

the resin on the filter in subsequent experiments with other 
phenols.

(10) B. Jones, J. Chem. Soc., 364 (1941).
(11) Fcr the column technique, 16.4 g. (0.13 mole) of

benzyl chloride in 400 ml. of ethanol w'as used; for the
batch technique, 9.4 g. (0.075 mole) in 300 ml. of ethanol.
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tion only) approximately doubled. The eluates and filtrates 
from the column and batch operations, respectively, re
quired further processing to separate the mixtures of the 
mono and dibenzyl ethers formed.

Hydroquinone dibenzyl ether. The separation of the di
benzyl ether of hydroquinone was accomplished by treating 
the residues from evaporation of the eluate and filtrate with 
0.1V sodium hydroxide solution and extracting the resulting 
alkaline-aqueous mixtures with several portions of ether. 
Evaporation of these ether extractives, first washed free of 
alkali, yielded hydroquinone dibenzyl ether which when 
crystallized once from ethanol melted at 128.5-129°; lit.12,13 
m.p. 128-129°, 130°. Yield: column technique, 1.6 g. (10%); 
batch technique, 4g. (27%).

Anal. Calcd. for C2oH180 2: C, 82.73; H, 6.25. Found: C, 
82.82; H, 6.66.

Hydroquinone monobenzyl ether. The alkaline-aqueous por
tions from which the hydroquinone dibenzyl ether was re
moved were acidified with diluted hydrochloric acid and ex
tracted with ether. These ether extractives washed free of 
acid and evaporated to dryness left crystalline residues. 
Crystallization of the residues from diluted ethanol yielded 
hydroquinone monobenzyl ether, m.p. 121-121.5°; lit.14 
m.p. 121-122°. A mixture melting point with an authentic 
sample of hydroquinone monobenzyl ether showed no de
pression. Yield: column technique, 0.96 g. (9%); batch tech
nique, 1.46 g. (14%).

(12) A. Colson, Bull. soc. chirn., 3, 347 (1389).
(13) H. Schiff and G. Pellizzari, Ann., 221, 369 (1883).
(14) J. Druey, Bull. soc. chirn., 5, 1740 (1935).

Resorcinol dibenzyl ether. Although both column and batch 
techniques were applied to the preparation of this ether, 
only the latter technique yielded the compound. The mono
benzyl ether of resorcinol could not be obtained by either the 
column or the batch techniques.

The isolation of the resorcinol dibenzyl ether was ac
complished in the same manner as described for the isolation 
of the dibenzyl ether of hvdroquinone. The yield was 2.35 g. 
(16%), m.p. 73-74°; lit.14 m.p. 73-74°.

Anal. Calcd. for C2oH180 2: C, 82.73; H, 6.25. Found: C, 
83.06; H, 6.45.

Experiments are being continued to acertain whether any 
ethers of phenols other than benzyl can be prepared by the 
method herein described; and similarly, whether any benzyl 
or alkyl groups can replace non-carboxylic hydrogens on 
other types of compounds.

I n d i a n a p o l i s , I n d .

(15) F. Caujolle, C. Franck, and L. Girard, Compì. rend. 
218, 572 (1944).

(16) I. M. Heilbron, Dictionary of Organic Compounds, 
Oxford University Press, New York, 1946, Vol. II, p. 136.

(17) T. F. West, J. Chem. Soc., 490 (1945).
(18) G. Kumpf, Ann., 224, 123 (1884).
(19) V. H. Dernier and O. C. Dermer, J. Org. Chem., 3, 

291 (1938).
(20) W. Staedel, Ber., 14, 899 (1881).
(21) HLA, BAW, Quart. J. Indian Chem. Soc., 3, 101

(1926); Chem. Abstr., 20, 3695 (1926).
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In addition to the /3-diketone (II), 3-benzalnapht.halide (I) was isolated from the product of interaction of naphthalic 
anhydride and phenylacetic acid. Infrared curves for the naphthalide (I) and the phthalide (VI) together with the ^-dike- 
tones (II), (III) and (IV) are discussed.

Recently, Aly, Awad, and Islam,1 investigated 
the condensation of naphthalic anhydride with 
phenylacetic acid in the presence of sodium acetate, 
and obtained a product (m.p. 214°) to which they 
assigned the benzalnaphthalide structure (I).

I II

Cesaris2 obtained from the same condensation a 
product which possessed no ketonic properties and 
to which he gave /3-diketone structure (II). He 
claimed that in contrast to ortho-anhydrides such 
as phthalic anhydride, which gives only the

(1) Compare Comparative Study between Phthalides and 
Naphthalides, O. M. Aly, W. I. Awad, and A. M. Islam, J. 
Org. Chem., 22, 517 (1957).

(2) M. Cesaris, Gazz. ckim. ital., 42, II, 453.

phthalide, naphthalic anhydride gives directly the 
/3-diketone (II).

In the light of the above controversial results, 
we decided to reinvestigate the whole problem in 
more detail.

We have now isolated from the reaction mixture 
of the above Perkin condensation, two products. 
The main product is orange in color, m.p. 214°, and 
is fairly soluble in cold dilute sodium hydroxide 
and dilute sodium carbonate solutions. Infrared 
measurements of this compound (Fig. 1) show a 
clear carbonyl stretching frequency (1570 cm.-1) 
in the normal carbonyl group region (the carbonyl 
stretching frequency for /3-diketones is 1640-1540 
cm.-1).12 13 14 15 16 17 18 19 20 21 3 Similar carbonyl stretching frequencies 
are present in the infrared curves of the two /3- 
diketones, III4 (Fig. 2) and IV1 (Fig. 3), being 1620

(3) L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, Metheun, London, 1957, p. 114.

(4) G. Errera, Gazz. chim. ital., 41, I, 190.
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CM-1

cm.-1 and 1600 cm.-1, respectively. The /3-dike
tone structure (II) is therefore given for this com
pound which is in agreement with Cesaris’s consid
eration.

Whereas the infrared curve of the diketone (IV) 
shows a free —OH stretching frequency at 3400 
cm.-1, it is remarkable that neither of the 
peridiketones (II and III) showed frequen
cies in the solid state or in solution which 
indicates a minimum contribution for the enol 
configuration.

The second product isolated from the reaction 
mixture of the above condensation is obtained in 
lower yield through extraction with petroleum 
ether, in which it is comparatively soluble. This 
compound is yellow in color, m.p. 146°, and is in
soluble in both dilute sodium hydroxide and so

dium carbonate solutions. The constitution of this 
compound as the naphthalide (I) is supported by 
the following facts: (a) on treatment with an alco
holic sodium methoxide solution, it is converted 
quantitatively to the /3-diketone (II) (Nathanson5 
and Eibner6), (b) it reacts in sunlight with tetra- 
bromo-o-quinone to give the photo-addition prod
uct (V),1'7 (c) the infrared measurements show a

carbonyl stretching frequency at 1710 cm.-1 
(Fig. 4) (5-lactones have stretching frequency 
in the range 1750-1735 cm.-1).8 Unsaturated 
5-lactones are expected to have a slightly higher 
stretching frequency than the saturated ones as is 
the case with saturated 7-lactones.

The infrared curve of the phthalide (VI) 1 shows 
also a carbonyl stretching frequency in the un
saturated 7-lactone region (1760 cm.-1) (Fig. 5).

CeH6

(5) Nathanson, Ber., 26, 2576 (1893).
(G) Eibner, Ber., 39, 2203 (1906).
(7) A. Schonberg, and A. Mustafa, Chetn. Revs., 40, 

190 (1948).
(8) L. J. Bellamy, The Infrared Spectra of Complex Mole

cules, Metheun, London, 1956, p. 153.



1626 A WAD, ALY, AND ISLAM VOL. 23

CM-1

Tho non-isolation of the naphthalide (I) as re
ported in our previous publication1 was due to the 
fact that I is easily adsorbed during the purifica
tion of the reaction product, then leaving the ¡3- 
diketone (II) as the sole product.

As II is the major product, it is feasible to sug
gest that the naphthalide (I) is first formed which 
then rearranges, in the presence of sodium acetate 
and at the high temperature of the reaction, to the 
d-diketone (II).

In the presence of excess phenylmagnesium bro
mide or excess methylmagnesium iodide, the 13- 
diketone (II) reacts as a monoketone. I t adds only 
one molecule of Grignard reagent. Koelsch and 
Rosenwald9 reported the isolation of Vila from the 
interaction of II and phenyllithium, the mode of 
interaction being a 1:4 addition. They were unable, 
however, to obtain this compound, Vila, by the 
direct interaction of II and phenylmagnesium 
bromide. Our product from II and phenylmag
nesium bromide proved to be identical with Vila 
by a mixture melting point.

0

Vila, It = C6H5 
VII b, It = CH3

In accordance with the above considerations, the 
product from II and methylmagnesium iodide

(9) C. F. Koelsch and It. H. Rosenwald, J . Am. Chem.
Soc., 59, 21GG (1937).

CM-1

MICRONS

Fig. 5. Benzal-7-phenyl-5,6-benzophthalide (VI)

should have structure Vllb. Vila was previously 
described1 as a hemiketal, owing to the fact that 
the diketone II was erroneously given the benzal- 
naphthalide structure.

On the other hand, the five-membered compound 
IV reacted with Grignard reagents as a diketone. 
With excess methylmagnesium iodide or excess 
phenylmagnesium bromide, IV gives colorless or 
almost colorless products which possess carbon and 
hydrogen figures corresponding to V illa and 
VUIb, respectively, which results from the addi
tion of two molecules of the Grignard reagent fol
lowed by the loss of one molecule of water.

CbHs

Villa ; R = CijH5 IX
VUIb ; R = CH3

With excess ethylmagnesium iodide, however, IV 
gives rise to an oxygen-free compound IX.

On the constitution of perina.phthindan-7,9-dione. 
The non-appearance of ketonic properties for the 
diketone II, as reported by Cesaris2 and as con
firmed by the authors, was unusual, since com
pounds of structure similar to X 10 and X I11 are re
ported to give carbonyl derivatives.

(10) J. London and R. Razdan, J. Chem. Soc., 4299
(1954).

(11) K  J. Greenhow, L. N. White, and I). McNeil J  
Chem. Soc., 3099 (1953).
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By comparing the infrared curves (in the solid 
state and in solution) for the three diketones II, 
III, and IV, the following facts are observed. 
While they all show a clear absorption in the nor
mal carbonyl stretching frequency range, com
pounds II and III show no free OH stretching fre
quency as found for the diketone IV.

Among the different unperturbated structures 
for II or III, it is not unreasonable to consider 
structure X II as a possible representative. Such

R
1 H+

5~0-T7jr'■ % p O ;

y Sil

XII
R = H or C6H,

a structure would then explain the empirical facts 
such as the non-appearance of normal ketonic 
properties, the strong acidic character of the hydro
gen atom at position (8) (II being soluble in dilute 
sodium carbonate solution) and the non-appearance 
of a free OH stretching frequency in the infrared 
curve.

E X P E R IM E N T A L 12

Reaction of naphthalic anhydride with phenylacetic acid. A 
mixture of naphthalic anhydride (5 g.), phenylaeetic acid 
(3.5 g.), and fused sodium or potassium acetate (0.2 g.) 
was heated to 230-240°, and maintained at that temperature 
for 1 hr. The hot melt was rubbed with 30 ml. of alcohol and 
allowed to cool. On filtration, a brownish orange product was 
obtained (6 g.). The crude product was boiled with 150 ml. 
of petroleum ether (70-80°) and filtered. The filtrate ac
quired a brownish yellow coloration and on concentration, 
brownish yellow needles separated out, m.p. 135-140°. 
This product was washed with a warm solution of sodium 
carbonate (100 ml. of 10% solution), to remove 8-phenyl- 
pm-naphthindan-7,9-dione. Recrystallization from petro
leum ether (70-80°), yielded 3-benzalnaphthalide (I), 2.4 g. 
(34%), as yellow long needles, m.p. 146-148°.

This product could also be obtained in pure form, by 
chromatographing the petroleum ether extract on alumina. 
On elution by anhydrous benzene and concentration of the 
eluted benzene solution, 3-benzalnaphthalide (I) separated 
as yellow needles. The phenyl-pm'-naphthindan-7,9-dione 
could not be eluted under these conditions.

Anal. Calcd. for C19H12O2: C, 83.8; H, 4.4. Found: C, 
83.4; H, 4.4.

This compound was insoluble in a dilute solution of so
dium hydroxide or sodium carbonate. I t gave a brownish red 
coloration with concentrated sulfuric acid.

(12) Microanalyses were carried out by Alfred Bernhardt, 
im Max-Plank Institut, Mtilheim (Ruhr), Germany. Melt
ing points are not corrected.

Recrystallization of the product which was insoluble in 
petroleum ether from boiling alcohol (charcoal) gave 3 g. 
(48%) oi 8-phenyl-pm'-naphthindan-7,9-dione as orange 
needles, m.p. 214-216° (previously1 analyzed).

Rearrangement of 3-benzalnaphthalide (I). 3-Benzalnaph- 
thalice (I) (0.3 g.) was boiled for 15 min. with a 2% methyl 
alcoholic solution of sodium methoxide (50 ml.). The reaction 
mixture was diluted with water, filtered, cooled, and acidi
fied .with ice cold dilute hydrochloric acid. Crystallization of 
the precipitated product from alcohol gave 0.25 g. (75%) 
of 8-phenyl-pcn-naphthindan-7,9-dione (II).

Photo-addition of 3-benzalnaphthalide (I) with tetrabromo- 
o-quinone. A mixture of 3-benzalnaphthalide (I) (0.3 g.) 
and oetrabromo-o-quinone (0.4 g.) in dry thiophene-free 
benzene (30 ml.) was placed in Schlenck tube13 under a 
carbon dioxide atmosphere and exposed to sunlight. After 48 
hr. the red color disappeared and the solution acquired a 
pale yellow coloration. On concentration of the benzene solu
tion, a colorless product was obtained. Recrystallization 
from benzene gave 0.2 g. (29%) of the adduct (V) as color
less needles, m.p. 273-275°.

Anal. Calcd. for C25H120 4Br4: Br, 45.9. Found: Br, 44.5.
Action of méthylmagnésium iodide on (II). A solution of 8- 

phenyl-pm'-naphthindan-7,9-dione (II) (1 g.) in dry ben
zene (100 ml.) was added to an ethereal solution of methyl- 
magnesium iodide (from methyl iodide, 2.8 g., and magne
sium, 0.5 g ) and the reaction mixture was heated under re
flux for 2 hr., then left overnight. The reaction mixture was 
decomposed with an aqueous solution of ammonium chlo
ride. On concentration of the washed and dried benzene ex
tracts followed by addition of petroleum ether (40-60°), 
a yellowish product was obtained. Recrystallization from a 
benzene-petroleum ether mixture (1: 1) gave 0.2 g. (20%) of 
I -methyl-8-phenyl-l,9-dihydro-pm'-naphthindan-7,9-dione 
(Vllb) as yellow needles, m.p. 138-140°.

Anal. Calcd. for CooHir/h: C, 83.3; H, 5.6. Found: C, 
83.8; H, 5.1.

The product was soluble in a methyl alcoholic solution of 
sodium methoxide with an orange-red coloration and in 
sodium hydroxide solution with a yellowish orange colora
tion. In both cases the product was recovered unchanged on 
acidification.

Action of phenylmagnesiiim bromide on II. A solution of 8- 
phenyl-pcn-naphthindan 7,9-dione (II) (1 g.) in dry benzene 
(100 ml.) was added to an ethereal solution of phenvlmag- 
nesium bromide (from bromobenzene, 1.8 g., and magne
sium, 0.3 g.) and the reaction mixture was heated under re
flux for 4 hr. then left overnight. Decomposition with 
aqueous ammonium chloride solution, and concentration of 
the washed and dried benzene extracts followed by addition 
of petroleum ether (40-60°), gave a pale yellow- product. 
Recrystallization from a benzene-petroleum ether mixture 
(1:1) gave 0.2 g. (17%) of l,8-diphenyl-l,9-dihydro-pen- 
naphthindan 7,9-dione (Vila) as pale yellow- plates, m.p.
177-178°. The melting point of this product w-as undepressed 
on admixture with the product obtained by Koelsch and 
Rosenwald3 by the action of phenvllithium on II.

Anal. Cried, for CAH^Oo: C, 85.7; H, 5.2. Found: C, 
85.5; H, 5.3.

The substance gave a pale yellow- coloration with con
centrated sulfuric acid.

Action of méthylmagnésium iodide on IV. A solution of 2,4- 
diphenyl-5,6-benzindan-l,3-dione (IV) (1 g.) in dry ben
zene (100 ml.) was added to an ethereal solution of methyl- 
magnesium iodide (from methyl iodide, 3 g., and magne
sium. 0.5 g.) and the reaction mixture was heated under re
flux for 3 hr. The reaction mixture wras then decomposed with 
aqueous ammonium chloride solution and on concentration 
of the washed and dried benzene extracts followed by addi
tion of petroleum ether (40-60°), gave a yellowish product.

(13) Houben, Die Methoden der Organischen Chemie, 2nd. 
ed., Vol. 4, Georg Thieme, Leipzig, 1924, p. 960.
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Recrystallization from benzene-petroleum ether mixture 
(1:1) gave 0.3 g. (30%) of V illa  as pale yellow needles, 
m.p. 197-200°.

Anal. Calcd. for C27H22O: C, 89.4; H, 6.1. Found: C, 
88.9; H, 6.6.

Action of ethylmagnesium iodide on IV. A solution of 2,4- 
diphenyl-5,6-benzindan-l,3-dione (IV) (1 g.) in dry benzene 
(100 ml.) was added to an ethereal solution of ethylmag
nesium iodide (from ethyl iodide, 3.5 g., and magnesium, 
0.5 g.) and the reaction mixture was heated under reflux for 
2 hr., then left overnight. Decomposition with aqueous 
ammonium chloride solution, and concentration of the 
washed and dried benzene extracts, gave a pale yellow 
product. Recrystallization from benzene gave 0.25 g. 
(24%) of IX as almost colorless needles, m.p. 182-184°.

Anal. Calcd. for & 9H24: C, 93.5; H, 6.5. Found: C, 92.8; 
H, 6.4.

The product gave a rose red coloration with concentrated 
sulfuric acid.

Action of phenylmagnesium bromide on IV. A solution of
2,4-diphenyl-5,6-benzindan-l,3-dione (IV) (1 g.) in dry 
benzene (100 ml.) was added to an ethereal solution of 
phenylmagnesium bromide (from bromobenzene, 2 g., and 
magnesium, 0.5 g.) and the reaction mixture was heated 
under reflux for 3 hr. then left overnight. Decomposition 
with aqueous ammonium chloride solution, and concentra

tion of the washed and dried benzene extracts followed by 
addition of petroleum ether (40-60°), gave a colorless 
product. Recrystallization from benzene-petroleum ether 
mixture (1:1) gave 0.4 g. (30%) of VUIb as colorless 
prisms, m.p. 198-199°.

Anal. Calcd. for C3,H26G: C, 91.3; H, 5.4. Found: C, 91.1; 
H, 5.4.

The product gave a bluish coloration with concentrated 
sulfuric acid.
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The syntheses of six new high molecular weight polyalkylbenzenes and polyalkylcyclohexanes are reported.

As a portion of a continuing study of high mo
lecular weight hydrocarbons, the synthesis and 
physical properties of six new monocyclic hydro
carbons are reported. They are 1,3-didecylbenzene,
1.3- didecylcyclohexane, 2,5-dimethyloctadecylben- 
zene, 2,5-dimethyloctadecylcyclohexane, 2,4,6-tri- 
methyloctadecylbenzene, and 2,4,6-trimethylocta- 
decylcyclohexane.

Three different synthetic routes were used for 
the preparations of the above hydrocarbons. The
1.3- didecylbenzene was prepared by the dispro
portionation of decylbenzene with aluminum bro
mide-hydrogen bromide catalyst.3-6

(1) For the previous paper in this series: R. W. Schiessler, 
A. W. Rytina, and F. C. Whitmore, J. Am. Chem. Soc., 70, 
529 (1948).

(2) Taken from a portion of a dissertation submitted by 
S. G. Clark to the Graduate School of The Pennsylvania 
State University in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy.

(3) A. P. Lien and D. A. McCaulay, J. Am. Chem. Soc.,
75, 2407, 2411 (1953).

(4) R. D. Kinney and L. A. Hamilton, J. Am. Chem. Soc.,
76, 786 (1954).

(5) H. C. Brown and C. R. Smoot, J. Am. Chem. Soc., 78, 
2176 (1956).

(6) R. M. Roberts and S. G. Brandenberger, .7. Am. 
Chem. Soc., 79, 5485 (1957).

CloHi!

It has been found from studies of the hydrogen 
fluoride and aluminum halide catalyzed dispro
portionations of a series of lower alkylbenzenes that 
the dialkylbenzenes obtained are exclusively the 
meta isomers except in the case of isopropyl or ter
tiary butylbenzene.3'4 It was believed that the in
creased branching of the alkyl group in these two 
cases decreased the differences in the stability of 
the isomeric hydrocarbon catalyst complexes.5 6 
In the present work it was observed that the dis
proportionation of decylbenzene catalyzed by 
aluminum chloride-hydrogen chloride yielded a 
four to one ratio of meta- to para-didecylbenzene 
while aluminum bromide-hydrogen bromide pro
duced the isomers in a nine to one ratio. The ortho 
isomer was looked for but not found. Analysis was 
by infrared, density, and viscosity, after separation 
of the isomers by fractional distillation. The iden
tity of the para isomer was unequivocally estab
lished by comparison with an authentic sample 
which had been prepared previously in this labora-
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TABLE I
P r o p e r t ie s  o f  t h e  H y d ro c a r bo n s

Hydrocarbon

Viscosity at 
98.9° C. 

(Centipoise)

Density 
in G./Cc. 
at 98.9°C.

B.P. at 
1 .CO Mm., 

°C.

Refractive 
Index ( w ‘d ) ,  

20° C. M.P., °C.
1,3-Didecylbenzene 2.496 0.8018 201.0 1.4813 ______

1,3-Didecvlcvclohexane 2.863 0.7816 205.0 1.4618 —

2,5-1 Jimeth yloct adecyl-
benzene 2.887 0.8078 210.5 Solid 45.0-45.5

2,5-Dimethyloctadecyl-
cyclohexane 2.963 0.7829 204.0 1.4619 —

2,4,6-Trimethvloctadecyl-
benzene 3.580 0.8125 219.0 Solid 54.5-55.0

2,4,6-T rimethyloctade-
cylcyclohexane 3.268 0.7856 210.5 1.4629 —

tory from terephthalic acid.7 This also confirmed 
the previous observations3-5 that the dispropor
tionation is not accompanied by isomerization 
of the normal alkyl group.

For the synthesis of 2,5-dimethyloctadeeylben- 
zene the precursor, 2,5-dimethyloctadecanoylben- 
zene, was prepared both by the acylation of p- 
xylene with stearoyl chloride, and from 2,4-di- 
methylbrombenzene and octadecanovl chloride 
through the Grignard and cadmium reagents. In 
each case the ketone was reduced directly to the 
hydrocarbon by the modified Wolff-Kishner reac
tion of Herr et al.s The Friedel-Crafts acylation is 
not accompanied by rearrangement of the methyl 
groups (or by isomerization of the normal octadecyl 
chain) since the ketones obtained from the two pro
cedures were shown to be identical. The yield of 
purified ketone from the acylation was 62 per cent, 
and from the Grignard reaction 34 per cent.

The 2,4,6-trimethyloctadecylbenzene was pre
pared from mesitylene by acylation with octa- 
decanoyl chloride, reduction with lithium aluminum 
hydride, dehydration over alumina at 350° and 
finally hydrogenation over copper chromite cat
alyst. The best commercial mesitylene contained a 
hydrocarbon impurity boiling within a few degrees 
of the desired 1,3,5-trimethylbenzene. A frac
tionating column possessing 100 theoretical plates 
was required to separate this impurity which from 
physical property data appeared to be a methyl- 
ethylbenzene. Attempts at direct reduction of the 
ketone to the hydrocarbon via the Clemmensen9 or 
the Wolff-Kishner10 methods were unsuccessful. 
In each case the ketone was recovered unchanged, 
apparently because of the steric hindrance of the 
ortho methyl groups.

(7) R. W. Schiessler, F. C. Whitmore, J. A. Dixon, J. N. 
Cosby, W. P. Acton, D. G. Clarke, W. K. Conn, R. C. East, 
N. R. Eldred, F. B. Fischl, David Flitter, E. J. Goldberg, 
C. H. Herr, J. F. Hosier, F. T. Kerr, H. H. Kuehner, R. L. 
McLaughlin, P. C. Miller, G. W. Pearce, C. S. Rowland, 
A. W. Rytina, W. S. Sloatman, R. M. Speck, L. H. Suther
land, and C. A. Weisel, Ind. Eng. Chem., 47, 1660 (1955).

(8) C. H. Herr, R. W. Schiessler, and F. C. Whitmore, 
J. Am. Chem.. Soc., 67, 2061 (1945).

(9) E. L. Martin, Org. Reactions, I, 166 (1942).
(10) Huang-Minlon, J. Am. Chem. Soc., 68, 2487 (1946).

The 1,3-didecylcyclohexane and 2,5-dimethyl- 
octadecylcyclohexane were prepared by complete 
hydrogenation of the respective aromatic analogs 
over a nickel catalyst11 at 150-200°. The 2,4,6-tri- 
methylociadecylcyclohexane was prepared by com
plete hydrogenation of l-(2,4,6-trimethylphenyl)- 
1 -octadecene.

The cyclohexane derivatives are mixtures of geo
metric isomers and the properties given were deter
mined on these mixtures.

Several of the important physical properties de
termined for the hydrocarbons are listed in Table
l. The methods of determining the properties and 
their precisions were discussed in the first paper of 
the series.12

E X P E R IM E N T A L 13

Intermediates. Careful purification of the intermediates 
greatly simplifies the purification of the final hj'drocarbons. 
Where possible, all intermediates were fractionally distilled 
through distillation columns having at least 35-40 theoreti
cal plates. The boiling points of the intermediates are uncor
rected unless otherwise specified. The properties listed are 
for the fractions having similar boiling points, refractive in
dices, and melting points or viscosities.14

(a) Decanoic acid. Caprie acid (Armour Neo-Fat 10) was 
purified by fractional distilllation: b.p. 168°/28mm., setting 
point found 31.3°; reported15 16 * * 31.24°.

(b) Octadecanoic acid. Stearic acid (Armour Neo-Fat 18) 
was converted to methyl stearate which was purified by 
fractional distillation through a “solids high vacuum 
column:”19 Z37-8 5.984 cs. The ester was converted to the 
acid by saponification with aqueous sodium hydroxide, 
followed by acidification with dilute hydrochloric acid:
m. p. found 69.0-69.6°, reported15 69.60°.

(11) A kieselguhr-supported nickel supplied by the Uni
versal Oil Products Co., Chicago, 111.

(12) F. C. Whitmore, L. H. Sutherland, and J. N. Cosby, 
J. Am. Chem. Soc., 64, 1360 (1942).

(13) Microanalyses by Galbraith Microanalytical Lab
oratories, Knoxville, Tenn.

(14) Only those fractions whose viscosities agreed within 
0.3% were combined as high purity material.

(15) C. W. Ralston, Fatty Acids and Their Derivatives, 
John Wiley and Sons, New York, 1948, p. 323.

(16) The packed section of this column is 90 cm. long
with an inside diameter of 25 mm. and is packed with 0.24 X
0.24 inch protruded metal packing. The efficiency is esti
mated to be approximately 15 theoretical plates.
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(c) Decanoyl chloride was prepared by reaction of n- 
decanoic acid with thionyl chloride at 25°. Yield of product 
obtained upon distillation of the reaction mixture through a 
Claisen head was 94.7%; b.p. 133730 mm.

(d) Octadecanoyl chloride was prepared by the reaction of 
octadecanoic acid with phosphorus pentachloride. The 
crude acid chloride, after removal by distillation of the phos
phorus oxychloride, was used for the subsequent acylations.

(e) 1,4-Dimethylbenzene. Oronite Chemical Company p- 
xylene was purified by fractional distillation through a glass- 
helices packed column having 40 theoretical plates: b.p. 
1387745 mm., r2d5 1.4931, Z2° 0.748 cs; reported:17 b.p. 
138.35/760 mm.; n2 *D5 1.49325: Z2» 0.748 cs.

(f) 1,3,5-Trimethylbenzene. Matheson, Coleman and Bell 
Chemical Co. mesitylene was purified by fractional distilla
tion through a column having 100 theoretical plates: 
n l5 1.4967, Z2» 0.813 cs, b.p. 164724 mm.; reported:17 nÏ
l. 49684.

1.3- Didecylbenzene. Decanoyl chloride (1718 g., 9.01 
moles) was stirred with a suspension of anhydrous alumi
num chloride (1370 g., 10.27 moles, Allied Chemical and 
Dye Co.) in thiophene-free benzene (1300 g., 16.7 moles) 
for 4 hr. at 25°. Hydrolysis over cracked ice followed by dis
tillation of the hydrolysis product through a “solids high 
vacuum column” 15 gave 1653 grams (78.9%) of nonyl 
phenyl ketone: m.p. 34.3°, 2,4-dinitrophenylhydrazone,
m . p. 108.7-109.2°.

Reduction of the ketone by the modified Wolff-Kishner 
reaction7 followed by fractional distillation of the reduction 
product through a 40 plate column gave 1029 grams (74.1%) 
of decylbenzene: b.p. 158°/9 mm. n2D5 1.4812, Z20 4.45 cs; 
reported7,17 n2D5 1.48112, Z20 4.44. The infrared spectrum was 
identical with an authentic sample kindly supplied by Pro
fessor Cecil Boord of the Ohio State University. A typical 
disproportionation was conducted as follows: Decylbenzene 
(253.2 g., 1.16 moles) and aluminum bromide (Fisher Scien
tific Co., 199.1 g., 0.75 mole) were cooled to 0° and anhy
drous hydrogen bromide (Matheson Co., 29.9 g., 0.37 mole) 
was bubbled into the hydrocarbon-aluminum bromide mix
ture while stirring. The mixture was stirred for 40 hr. at 0° 
to yield a mixture of benzene, decylbenzene, 1,3-didecyl- 
benzene and a small quantity of 1,4-didecylbenzene. Frac
tional distillation of the disproportionation product through 
a spinning band column18 gave a 48.1% yield of high purity
1,3-didecylbenzene: (See Table I for properties).

Anal. Calcd. for C26H46: C, 87.07; H, 12.93. Found C, 
87.25; H, 12.96.

1.3- Didecylcyclohexane. Hydrogenation of 1,3-didecyl
benzene (208.0 g., 0.58 mole) over a nickel catalyst11 (10% 
by weight) at 150° and 1900 p.s.i. gave 199.5 grams (94.3%) 
of 1,3-didecylcyclohexane: (See Table I for properties).

Anal. Calcd. for C26H52: C, 85.63; H, 14.37; MR, 120.5. 
Found C, 85.61; H, 14.46; MR, 120.1.

2,5-Dimethyloctadecylbenzene. A solution of aluminum 
chloride (366.8 g., 2.75 moles) in nitrobenzene (2 1.) was 
added slowly with stirring to a solution of stearoyl chloride 
(644.0 g., 2.13 moles) and p-xylene (227.2 g., 2.14 moles) in

(17) F. D. Rossini, K. S. Pitzer, R. L. Arnett, R. M‘ 
Braun, and G. C. Pimentai, Selected Values of Physical and 
Thermodynamic Properties of Hydrocarbons and Related 
Compounds, Carnegie Press, Pittsburgh, Pa., 1953.

(18) This column is manufactured by the Nester-Faust
Co., Exton, Pa. The packed section is three feet long with an 
internal diameter of 11 mm. The band is a spiral of 300 mesh
stainless steel screen.

nitrobenzene (1 liter). The reaction mixture was stirred at 
0° for 4 hr. After hydrolysis on cracked ice, the organic layer 
was fractionally distilled through a spinning band column, 
(b.p. 185 70.25 mm).18 After one recrystallization from 95% 
ethanol the yield of 2,5-dimethyloctadecanoylbenzene was
492.1 grams (62.1%); m.p. 58.0-58.5°.

Anal. Calcd. for C/eH^O: C, 83.80; H, 11.90. Found C, 
84.15; H, 11.64.

Reduction of 2,5-dimethyloctadecanovlbenzene by the 
modified Wolff-Kishner reaction8 gave 345.2 grams (72.4%r) 
of 2,5-dimethyloctadecylbenzene: (See Table I for proper
ties).

Anal. Calcd. for C26H46: C, 87.07; H, 12.93. Found: C, 
87.13; H, 12.94.

2,5-Dimethyloctadecylcydohexane. Hydrogenation of 2,5- 
dimethyloctadecylbenzene (294.0 g., 0.82 mole) over a 
nickel catalyst11 (10% by weight) at 200° and 2500 p.s.i. 
gave 289.2 grams (96.5%) of 2,5-dimethyloctadecvlcyclo- 
hexane: (See Table I for properties).

Anal. Calcd. for C26H62: C, 85.63; H, 14.37; MR, 120.4. 
Found: C, 85.75; H, 14.35; MR, 120.1.

2.4.6- Trimethyloctadecylbenzene. Acylation of 1,3,5-tri- 
methylbenzene (144.2 g., 1.2 moles) writh stearoyl chloride 
(365.5 g., 1.2 moles), following the procedure described for 
the acylation of 1,4-dimethylbenzene gave 346.5 grams 
(74.3%) of 2,4,6-trimethyloctadecanoylbenzene: b.p. 178°/ 
0.23 mm., m.p. 50.9-51.5°.

Anal. Calcd. for C27H460 : C, 83.87; H, 11.99. Found: C, 
83.71; H, 11.99.

2.4.6- Trimethylocta.decanoylbenzene (489.2 g., 1.26 moles) 
was reduced to the corresponding alcohol by stirring with 
lithium aluminum hydride (17.8 g., 0.47 mole, Metal Hy
drides. Inc.) in anhydrous diethyl ether at the reflux tem
perature for 20 hr. After decomposition of the excess hydride 
by slow addition of an ether-methanol-water (1: 1: 1) solu
tion and coagulation of the aluminum lwdroxide by refluxing 
for an hour the ether solution was decanted. The alcohol was 
obtained as white needles by cooling the ether solution to 
— 10°. The yield of l-(2,4,6-trimethylpentyl)-l-octadecanol 
was 478.1 grams (97.6%); m.p. 61.5-62.0°. The alcohol was 
dehydrated to l-(2,4,6-trimethylphen5d)-l-octadecene in 
98.0% yield by passage over activated alumina at 340-360° 
and ca. 1 mm. pressure. Hydrogenation of the olefin over 
copper chromite catalyst (10% by weight) at 150° and 
2000 p.s.i. gave a 96.5% yield of 2,4,6-trimethyloctadecyl- 
benzene. The hydrocarbon was purified by one crystalliza
tion from hexane: (See Table I for properties).

Anal. Calcd. for C27H48: C, 87.02; H, 12.98. Found: C, 
86.81; H, 13.03.

2.4.6- Trimethyloctadecylcyclohexane. Hydrogenation of 1- 
(2,4,6-trimethylphenyl)-l-octadecene (397.3 g., 1.07 moles) 
over a nickel catalyst11 (10% by weight) at 195° and 1650 
p.s.i. gave 394.3 grams (97.3%) of 2,4,6-trimethyloctadecyl- 
cvclohexane: (See Table I for properties).
~ Anal. Calcd. for C27H54: C, 85.63; H, 14.37; MR, 125.0. 

Found: C, 85.51; H, 14.26; MR, 124.7.
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With strong alkylation catalysts such as A1C13, m-xylene is selectively monoalkylated to the symmetrical isomer. The 
other two xylene isomers yield mixed products, part of which are symmetrical. Addition of water to A1CL forms a different 
catalyst system, and the amount of unsymmetrical isomers in the product increases with an increase in added water. BF.vlLOs 
is a mild alkylation catalyst which promotes the selective monoalkylation of m- and p-xylene. The products are 4-alkyl-m- 
xylene and 2-alky 1-p-xvlene, respectively. This catalyst also promotes selective dialkylation of m-xylene. The product is
4,6-dialkyl-m-xylene. 2,5-Dialkyl-p-xylene can be crystallize

The studies presented are concerned with 
selective alkylation techniques in which choice of 
catalyst and reaction conditions are adjusted to 
produce predominantly a single isomer or a mixture 
that can be easily resolved by fractionation. The 
alkylation reaction of olefins and xylenes has been 
examined using catalysts such as anhydrous AICI3, 
A1C1,-H,0, BF3-H3P(')4, and BF3-P20 6. By use of 
the latest analytical techniques, analyses of the 
product mixtures provide a more accurate picture 
of isomer distribution than has been possible in 
earlier works.

Alkylation with AICI3. Strong alkylation catalysts, 
such as AICI3, generally promote substitution at 
positions meta to existing alkyl side chains in aro
matic compounds accompanied by isomerization 
or disproportionation.1-4 However, by using less 
than 0.05 mole AlCl3/mole of aromatic and reaction 
temperatures below 100°, some aromatic hydro
carbons undergo a relatively small amount of isom
erization. Experimental data shewing the distri
bution of 1,3,5 and 1,2,4 isomers obtained in the 
A1C13 catalyzed alkylation of meta, para, and mixed 
xylenes are summarized in Table I.

d from the mixture of dialkylation products of p-xylene.

in which less than 0.05 mole AlCl3/mole of aro
matic was used resulted in 90-99% 1,3-dimethyl- 
5-isopropylbenzene. The high proportion of the
1,3,5 isomer in the monoalkylate is also indepen
dent of the extent of aromatic conversion. Mono
alkylation predominates up to 70% xylene conver
sion; further alkylation results in a diisopropyl- 
xylene fraction containing more than one isomer. 
Ethylation of m.-xylene under similar reaction con
ditions yields an ethylxylene fraction containing a 
lower proportion of the symmetrical 1,3,5 isomer 
than is obtained by propylation; the fraction con
tained 47% 1,3-dimethyl-5-ethylbenzene. The dif
ferences observed in the distribution of products 
with these olefins may be the result of “different 
activity of the attacking species,” namely, the 
olefins, as proposed by Brown and Nelson.5 A 
similar relationship in the alkylation of toluene 
with ethylene and propylene has been reported by 
Nelson.6

In the alkylation of mixed xylenes with propyl
ene, as shown in Table I, a mixture cf isomers con
taining 64% of the 1,3,5 compound is produced. 
These results can be accounted for by the isomeri-

TABLE I
A l k y l a t i o n  o f  X y i . e n e s  w i t h  A1C1}

Aromatic
Alkylated

Reaction 
Temp., °C.

Olefin
(Moles/Mole

Aromatic)

AICI3
(Moles/Mole

Aromatic)
Monoalkylate, % 

1,3,5 1,2,4

m-X viene 30-100 C, (0.7) 0.0125 99 1“
m-Xvlene 85-90 O2 (1.2) 0.016 47 24a
Xilene6 90-95 C3(0.67) 0.03 64 17
p-Xylene 90-95 0 3 (0.97) 0.0125 44 44c

“ 4-Alkvl-l,3-dimethyll>enzene. 5 21% ortho, 39% meta, and 14% para isomers. c l,4-Dimethyl-2-isopropylbonzene.

The reaction of m-xylene with propylene in the 
presence of A1C13 as described results in the pre
dominant production of the 1,3,5 isomer. Reactions

(1) W. C. Howell, U. S. Patent 2,443,247, June 15, 1948.
(2) A. P. Lien and D. A. MeCauley, U. S. Patent 2,564,- 

073, Aug. 14, 1951.
(3) A P. Lien, D. A. MeCaulev, and P. J. Launer, J. Am. 

Chem. Soc., 76, 2354 (1954).
(4) D. V. Nightingale and B. J. Carton, J. Am. Chem. 

Soc., 62, 281 (1940).

zation of o- and p-xylenes with accompanying alkyl
ation of the meta isomer. 1,3-Dimethyl-4-isopropyl- 
benzene can be recovered from this mixture in 69% 
purity by fractionation while l,3-dimethyl-5- 
isopropvlbenzene of 95% purity can be obtained 
in a similar manner.

(5) H. C. Brown and K. L. Nelson, J. Am. Chem. Soc., 
75, 6292 (1953).

(6) K. L. Nelson, J. Org. Chem., 21, 145 (1950).
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TABLE II
A l k y l a t io n s  o f  X y l e n e s  w it h  BFrP20 5 a n d  BF3-H3P 0 4

Catalyst
Reaction 

Temp., °C.

Olefin
(Moles/Mole

Aromatic) Aromatic
Monoalkylate“ 

1,2,4 1,3,5

BF3-H3P 0 4 80-85 C3(0.5-1.5) («-Xylene 65-75» 21-34
b f 3-p .,o 5 35-140 C3(1.4) («-Xylene 75-82» 8-13
b f 3-p 2o5 94-97 c 2( i . o r («-Xylene 80-90» —
b f 3-p 2o5 75-80 c 3(0 .8- 1 .6) p-Xylene 100d 0

® Yield limits for a number of alkylations. » 4-Alkyl-l,3-dimethylbcnzene. * 350-400 p.s.i.g. ethylene. d l,4-Dimethyl-2-
isopropylbenzene.

Alkylation with BFylf?JJQ{ and RP'yPf);,. Mild 
alkylation catalyses generally promote ortho-para 
alkylation without isomerization of the parent aro
matics. Such catalysts include HF,7-10 phosphoric 
acid,11 ferric chloride,12-13 calcium hydrogen phos
phate,14 and sulfuric acid.16~17

While BF3 alone has limited use as an aromatic 
alkylation catalyst, complexes of BF3 are numerous 
and have been extensively used as catalysts.18 
These complexes are generally mild alkylation cat
alysts except the HF-BF3 system which is a strong 
acid catalyst19 that often causes extensive isomer
ization. BF3 in combination with P20E,20-'21 has been 
reported to be an active catalyst for the alkylation 
of aromatic compounds with alcohols. A similar 
type catalyst prepared by passing BF3 over a pel
let bed of P20 6 on kieselguhr (UOP polymerization 
catalyst) was used in these olefin alkylation studies.

Data are presented in Table II shewing the dis
tribution of isomers for the alkylation of m- and 
p-xylenes using BF3'P20 6 (solid) and BF3-H3P 04 
(liquid) catalysts. In the propylation of m-xylene 
with the BF3-P20 6 catalyst, little change in isomer 
distribution was noted in varying the reaction tem

(7) F. M. Smith, U. S. Patent 2,507,765. May 16, 1950.
(8) F. E. Condon and M. P. Matuszak, ./. Am. Chem. 

Soc., 70, 2539 (1948).
(9) J. H. Simons and S. Archer, J. Am. Chem. Soc., 62, 

1623 (1940).
(10) F. M. Smith and R. S. Hanmer, U. S. Patent 2,- 

507,766, May 16, 1950.
(11) V. N. Ipatieff, H. Pines, and V. I. Kowarewsky, 

Ind. Eng. Chem., 28, 222 (1936).
(12) D. V. Nightingale and J. R. Jones, Am. Chem. 

Soc., 66, 154 (1944).
(13) L. Schmerling, U. S. Patent 2,402,847, June 25, 

1946.
(14) R. E. Schaad, U. S. Patent 2,290,211, July 21, 1942.
(15) S. J. Slanina, F. J. Sowa, and J. A. Nieuwland, J. 

Am. Chem. Soc., 57, 1547 (1935).
(16) V. N. Ipatieff. B. B. Corson, and H. Pines, J. Am. 

Chem. Soc., 58, 919 (1936).
(17) V. N. Ipatieff, H. Pines, and L. Schmerling, J. Org. 

Chem., 5, 253 (1940).
(18) H. S. Booth and D. R. Martin, BF3 and Its Deriva

tives, John Wiley and Sons, New York, 1949.
(19) A. P. Lien and D. A. McCaulev, J. Am. Chem. Soc., 

75, 2411 (1953).
(20) C. E. Welsh and G. F. Hennion, J. Am. Chem. Soc., 

63, 2603 (1941).
(21) N. F. Toussaint and G. F. Hennion, J. Am. Chem. 

Soc., 62, 1145 (1940).

perature from 35° to 140°, the olefin charge rate 
from 0.22 to 0.62 mole/mole of xylene/hour, or the 
total olefin/xylene molar ratio from 0.16 to 1.5. 
Only trace amounts of diisopropylxylenes were ob
tained at olefin/xylene molar ratios below 0.4. 
While propylene reacts readily with m-xylene over 
solid BlVlVb at atmospheric pressure, little or no 
reaction was observed with ethylene under these 
conditions. However, substantial reaction of m- 
xylene and ethylene occurs at pressures above 
atmospheric to produce predominantly 1,3-di- 
methyl-4-ethylbenzene. Data are also included in 
Table II which compare alkylate compositions 
obtained with BF3-H3P04 and BIVP-.O5. I t can be 
seen that by using a BF3-H3P 04 catalyst7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 the ratio 
of the 1,2,4 isomer to the l,3-dimethyl-5-isopropyl- 
benzene is approximately 2.5 compared to 7.5 
with BF3-P205 catalyst.

Studies have also been made in which reaction 
conditions were adjusted to maximize the pro
duction of tetraalkylbenzenes. Such data are sum
marized in Table III for the alkylation of a num
ber of aromatic compounds using BF3-P205 as a 
catalyst. The tetraalkylbenzene yields with the 
liquid P.IVIhPO, catalyst were similar.

TABLE III
P r e p a r a t io n  o f  T e t r a a l k y l b e n z e n e s  w it h  

BF.3-P.O5 C a ta ly st

Reactants
Olefin

(Moles/Mole 
Aromatic ) Aromatic

Tetraalkyl
benzene
Fraction®

C3 (0.5-4.0) «(-Xylene 83-92% 1,2,4,5 
Isomer»

C2(5-6) («-Xylene Mix®
C3 (3-5) p-Xylene 50-60% 1,2,4,5 

Isomeri
C3 (0.7) Pseudocumene Mix®

,C 3 (0.7) l,3,5-Isoprop3_l-
xylene

Mix®

® Yield limits for a number of alkylations. » 4,6-Diiso
propyl 1,3-dimethylbenzene. ® The mixtures obtained in 
these experiments were not separated and could not be 
analyzed by infrared absorption spectroscopy due to lack of 
pure reference samples. Two or more isomers appear to be 
present, and no single isomer was formed in major propor
tions. d 2,5-Diisopropyl-l,4-dimethylbenzene.

(22) W. N. Axe, U. S. Patent 2,412,595, Dec. 17, 1946.
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These data show the dialkylation of m-xylene is 
selective in that 83-92% of the diisopropylated 
material is 4,6-diisopropyl-l,3-dimethylbenzene. 
The dialkylate from p-xylene contains two iso
mers and a trace of a third. One of these isomers 
has been separated by freezing and appears to be 
2,5-diisopropyl-l,4-dimethylbenzene. Data are also 
presented for the alkylation of two trialkyl ben
zenes to tetraalkyl isomers. Mixtures were ob
tained in both these cases which could not be 
separated.

Alkylation with AlCk'H20. Xylene alkylation 
studies were made with a catalyst of A1C13 modified 
with small amounts of water. Data are presented 
in Fig. 1 for a series of experiments in which m-

100

80

60
wt %

OF
ISOPROPYL- 40
XYLENE
FRACTION

20

0

0 0.5 1.0 1.5 2.0 2.5
MOLES H20/M0LE AICI3

Fig. 1. Propylation of m-xylene with A1C13-H20 catalysts

xylene was alkylated with propylene at 90-95° 
with 0.0125 mole of AlCl3/mole of xylene. The prod
uct distribution is shown to be a function of the 
amount of water present. The ratio of 1,2,4- to 
1,3,5-isopropylxylene changes from approximately 
0.01 with anhydrous A1C13 to 0.44 for a system con
taining equal molar quantities of water and A1C13 
(considered to be monomolecular for this calcula
tion) .

While the xylene conversion *is observed to de
crease somewhat as the amount of water is in
creased, a marked decline in propylation reaction 
is shown, in Fig. 2, to occur only with catalyst sys
tems containing more than one mole of water/mole 
of A1C13. Water seems to have a somewhat greater 
effect on the conversion of xylene for reaction with 
ethylene.

These data clearly indicate the marked effect of 
water in altering product distribution for an AICI3 
alkylation. The product variation is not equivalent 
to the results obtained writh a lowered catalyst 
concentration such as might be assumed to result 
from destruction of part of the A1C13. The marked 
shift in isomer distribution resulting from the addi
tion of water indicates a different catalyst system

s \
\
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\
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N X
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Fig. 2 m-Xylene conversion with AICI3-H2O catalyst
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Fig. 3. Ethylation of m-xylene A1C13 catalyst, modified 
with H20

is formed by the reaction of water with A1C13 in 
xylene. The results also substantiate further the 
conclusion of Brown and Nelson6 that there is no 
sharp division between meta-directed substitutions 
and reactions that produce high proportions of 
ortho- and para-substituted products. As noted by 
Brown, et al.,23 the effect of water on A1C13 catalyst 
likely is the case of part or all of the discrepancies 
in previous publications regarding alkylation iso
mer distribution.

Similar data are supplied for the ethylation of 
m-xylene in Figs. 2 and 3. These results indicate 
that such catalyst systems are less selective for 
ethylation as compared with propylation and that

(23) H. C. Brown, H. W. Pearsall, L. P. Eddy, E. J. 
Wallace, M. Grayson, and K. L. Nelson, Ind. Eng. Chem., 45, 
1462 (1953).
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product distribution is also altered less by varying 
the amount of water added.

Purification and properties of alkylxylenes. Physi
cal properties of the alkylated xylenes prepared in 
this work are listed in Table IV. The physical prop
erties which have been reported in the litera
ture24’25 are also included.

TABLE IV
P h y sic a l  P r o p e r t ie s  o f  A l k y l x y l e n e s

B.P., F.P.,
°C. °C.a ■l, 6

1,3,5-Ethvlx v lene
Experimental ----- — — —
Literature24 

4-Ethvl-l ,3-dimeth-
183.8 -8 4 0.8608 1.4958

ylbenzene
Experimental 186-187 -6 2 .5 ___ 1.5012
Literature24

1,3,5-Isopropyl-
188.4 -6 3 0.8723 1.5016

xylene
Experimental 194.6 -7 0 0.8593 1.4926
Literature24

4-Isopropyl-l,3-di-
194.5 0.858 1.493

methylbenzene
Experimental 199.0 -8 2 0.8707 1.4982
Literature24

l,4-Dimethyl-2-Iso-
199.1 0.869 1.498

propylylben-
zene

Experimental 196.2 — 0.8721 1.4990
Literature24

4,6-Diisopropvl-l,3-
196.2 ’ 0.8699 1.4988

dimethylbenzene
Experimental 236.4 16.8 0.8668 1.4957

2,5-Diisopropvl-l,4-
dimethylben-
zene

Experimental 243.8 37.2 0.86126 1.4945*'
Literature25 — 37.2 ----- 1.4917°
a Freezing data for alkyl xylene are only approximate 

since all tend to form glasses. F.P. for dialkyl xylenes was de
termined from freezing curves. The accuracy of these is 
about 16.8 ±  0.3° and 37.2 ±  0.1°. 6 These measurements 
made at 45.1°. c At 50°.

Pure isopropylxylenes were obtained by frac
tionation through a 4' X 1" Hypercal column at 
80/1 reflux ratio. Pure 1,3,5-ethylxylene was ob
tained from the National Bureau of Standards.
4-Ethyl-m-xylene was synthesized by hydrogena
tion (Clemmenson method) of 2,4-dimethylaceto- 
phenone. The ketone was prepared by reaction of 
m-xylene and acetyl chloride (Friedel-Crafts reac
tion) with aluminum chloride catalyst. Fractiona
tion of the hydrogenation product gave pure hy
drocarbon.

Two pure diisopropylxylenes have been obtained.
4,6-Diisopropyl-ra-xylene was purified by frac

(24) F. D. Rossini, K. S. Pitzer, R. L. Arnett, R. M. 
Braun, and G. C. Pimentel, Selected Values of Physical and 
Thermodynamic Properties of Hydrocarbons and Related 
Compounds, Carnegie Press, Pittsburgh, 1953.

(25) E. C. Kooyman and A. Strang, Rec. trav. chi.m., 72,
329 (1953).

tionation of the reaction product. A freezing curve 
showed the material to be pure, m.p. 16.8° ±  
0.3°. Pure 2,5-diisopropyl-p-xylene could not be 
separated from a close boiling isomer by fractiona
tion. However, the compound crystallized from the 
contaminating isomer and recrystallized nicely 
from n-pentane. A freezing curve of the recrystal- 
lized material showed it to be quite pure, m.p. 
37.2° ± 0.1°. The physical properties of this 
material agree with those published by Kooyman 
and Strang26 for 2,5-diisopropyl-p-xylene.

The two diisopropylxylenes prepared in this 
work are believed to have the 1,2,4,5 structure be
cause: (1) The relatively high melting points are 
characteristic of symmetrical tetraalkyl benzenes;
(2) the infrared absorption spectrum is similar to 
spectra of known 1,2,4,5-tetraalkyl benzenes; 
and (3) each is prepared, with nonisomerizing cat
alysts and reaction conditions, from the corre
sponding isopropyxylene. In addition, vapor phase 
oxidation of pure 4,6-diisopropyl-ra-xylene has 
yielded pyromellitic acid. Kooyman and Strang26 
reported the ultraviolet spectrum of a 2,5-diiso- 
propyl-p-xylene, which has the same physical prop
erties as our material, to indicate the structure as 
given.

E X P E R IM E N T A L

Alkylations using BFylVOs on kieselguhr (solid) were 
carried out in a vertical glass tube reactor, 30" X 2", 
equipped with an electrical heater. Cylindrical pellets, V /  
X V /, were added to the reactor to make a catalyst bed 13" 
X 2". The PjOa-kieselguhr pellets were saturated with 
xylene and a known weight of the aromatic was charged. 
The catalyst and xylene were then saturated with BF3 over a 
30-min. period by introducing BF3 at a rate of 80 cc./min. 
(room temperature and atmospheric pressure). Gaseous ole
fin was introduced into the reactor after heating to the de
sired temperature. The gases were dispersed at the bottom 
of the reactor by means of a fritted glass disk. In order to 
maintain catalyst activity, BF3 was introduced continuously 
with the olefin charge during alkylation. The reaction 
product was washed free of catalyst, dried, and distilled.

The BF3-H3PC>4, which is a liquid, was prepared by 
saturating 86% phosphoric acid with BF3 resulting in a 
catalyst having a mole ratio of H3P04/H 20/B F3 of 6.9/6.0/
13.0. The alkylations with this catalyst were carried out in 
the same glass reactor mentioned above. While aromatic 
hydrocarbons are not miscible with such a catalyst, ade
quate mixing was obtained by introducing the olefin charge 
through a fritted glass disk at the bottom of the reactor tube.

Detailed information regarding reaction conditions and 
product distribution for BF3-P20 5 and BF3-H3P04 catalyzed 
reactions are summarized in Table V.

A1C13 catalyzed alkylations were carried out in conven
tional flasks equipped with suitable stirrers. Catalyst was 
removed from the reaction products by washing with dilute 
HC1, followed by drying and distilling.

Detailed experimental data and product distribution for 
A1C13 and AlClyFLO alkylations are summarized in Table
VI.

The aromatic hydrocarbons were analyzed by infrared ab
sorption spectroscopy, using Perkin-Elmer No. 12-B and 
No. 21 recording spectrometers. High purity alkylxylene 
isomers were separated by fractionation through a 4' X 
1" Hypercal column operating at 80/1 reflux ratio. The di-
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TABLE V
A l k y l a t io n  D ata  f o r  BF3 C o m p l e x e s

Reactants

Reaction Conditions
Olefin/ 

1 )ura- arom.
Molt

Arom.

Products,
% of Aromatic Charge 
Mono- Di-

Monoalkylate
Analysis,
Wt. %.

Hydrocarbon
charge Catalyst“

Temp.,
°C.

t.ion,
hours

mole
ratio

con
verted

alkyl
ate

alkyl
ate

Bot-
toms*1

1,2,4
Isomer

1,3,5
Isomer

p-Xylene-C3 BF3-P20 5(s) 75- 80 5.0 1.6 88 45 32.4 11.0 100 0
o-Xylene-C3 BF3-P20 5(s) 75- 80 3.0 1.1 55 25.7 10.3 7.0 Ca 50 —
m-Xylene-C3 P20 5 75- 80 4.0 0.9 — 0 0 3.5 — —
m-Xylene-C's BF3-P20 5(s) 35- 40 2.5 0.9 77 42 12.0 8.0 79 10
m-Xylene-Cs BF3-P20 5(s) 75- 80 3.0 0.9 63 42 4.0 12.0 78 13
m-Xylene-C3 BF3-P20 5(s) 95-100 2.0 0.9 79 45 9.0 8.0 76 13
m-Xylene-C3 BF3-P20»(s) 125-130 2.5 0.9 75 47 6.0 7.0 75 14
m-X}dene-C3 BFj-P20 5(s) 75- 80 1.0 0.2 32 14 0 5.0 78 10
m-Xylene-C3 BF3-P2Os(s) 75- 80 3.0 0.5 44 24 3.0 3.7 80 12
m-Xylene-C3 BF3-P,05(s) 75- 80 4.0 0.7 64 37 10.0 4.0 80 13
m-Xylene-C3 BF,-H3P04(1) 80- 85 1.8 0.5 45 24 4.0 5.0 65 34
w-Xvlene-C3 BF3-H3PO,(l) 80- 85 5.0 1.5 91 48 28.0 9.0 75 21
Pseudocumene-C3 BF3-P20 5(s) 75- 80 2.0 0.7 62 34 0 10.0 — —
1,3,5-IsopropyI-

xvlene®-C3 BF3-P20 ó(s) 75- 80 2.0 0.7 48 43 15.0 5d 95tf
?)i-Xylene-C3 BFa-AlAV 75- 80 2.5 1.5 77 25 36.0 12.0 75 20
m-Xylene-C,/ BF3-P20 5(s) 150-156 6.3 0.5 Ca 25 14 2.0 5.0 Ca 85 —
m-Xylene-C% BF3-P20 5(s) 94- 97 5.3 1.0 Ca 60 23 4.0 15.0 Ca 85 —

“ The (s) designates the supported BF3-P20 5 on kieselguhr. The (1) designates the liquid BF3-H3P04 made as per Axe, 
U. S. Patent 2,412,595. b This value given as wt. % of aromatic charged. ® 90% pure, also contained 6% 4-isopropyl-m-xylene. 
d This analysis is for the recovered isopropylxylene. ® BF3 added to alumina (Alcoa F-l grade, 8-14 mesh). The solid con
tained 20% BF3, by weight. r 350-450 p.s.i.g.

TABLE VI
A l k y l a t io n  w it h  A1C13

Reactants-

Hydrocarbon
charge

A1CL
mole /  mole 

arom. (H20, 
mole/mole 

arom.)

Reaction t'onditions
Olefin
arom.

Temj)., Duration, mole 
°C. hours ratio

Products,
Mole % of Aromat ic Charge 

Arom. Mono- Di- 
con- alkyl- alkyl- Bot- 

vert.ed ate ate toms"

Monoalkylate
Analysis,

Wt. %
1,2,4 1,3,5 

Isomer Isomer
Xvlenes-C3 0.0076 90- 95 2.0 0.63 55 43.0 0 7.5 20 62
Xylene6-C3 0.030 90- 95 2.0 0.68 63 42.3 0 8.7 17 64
p-Xvlene-C3 0.0128 90- 95 2.8 1.0 86 54.0 12.5 4.0 44c 41
m-Xvlene-C3 0.0128 30- 35 5.5 1.5 99 46.5 41.0 3.5 11 88
m-Xylene-C3 0.0128 90 -95 5.0 1.5 99 53.1 34.2 5.5 1 99
m-Xvlene-C3 0.0128 125-130 4.7 1.5 100 63.7 26.2 12.0 9 81
?».-Xylene-C3 0.0128 90- 95 2.7 1.5 100 41.0 38.3 4.5 4 96
m-Xvlene-C3 0.0128 90- 95 5.0 1.0 79 68.0 0 5.5 9 84
m-Xylene-C3 0.0063 90- 95 2.3 0.7 24 15.8 0 4.0 10 90
m-Xylene-C3 0.013

(0.0035) 90 -95 5.7 1.5 99 49.3 28.6 11.5 6 92
?n-Xylene-C3 0.013(0.014) 90- 95 4.7 1.3 88 50.1. 22.6 8.0 32 66
)n-Xylene-C3 0.013(0.028) 90- 95 5.0 1.4 33 16.4 Tr 3.0 64 34
m-Xylene-C2 0.016 85- 90 4.0 1.3 85 41.8 13.8 13 0 24d 47e
m-Xvlene-Cj 0.016(0.002) 85- 90 4.0 1.2 80 42.7 15.8 15.0 45d 43®
m-Xvlcne-O-2 0.016(0.004) 85- 90 4.0 1.2 71 36 1 13 6 18.0 49" 39®
m-Xvlene-C2 0.015(0.014) 85- 90 4.0 1.2 37 12.2 1.0 5.8 53d 37®
Bi-Xylene-C 2 0.016(0.028) 85- 90 4.0 1.2 27 2.5 0 6.2 63d 19®

a High boiling residue measured as wt. % of aromatic charged. s 21 % o-, 39% to-, and 14%, p-xylene. c This fraction is 2-
isopropyl-p-xylene. d 4^Ethyl-m-xvlene. ® 1,3,5-Ethylxylene.

isooronylxylenes were purified by fractionation and recrys- 
tallization. After isolation and identification, the high 
purity products were used as calibrating standards for con
ventional infrared quantitative analyses.

All hydrocarbons used were obtained from chemical supply 
companies and were at least 05% pure. The PjOs in kiesel
guhr catalyst was conventional UOP No. 2 polymerization

catalyst and was supplied by LTniversal Oil Products-Com
pany. In those reactions in which anhydrous A1C13 was used, 
precautions were taken to avoid contamination by atmos
pheric moisture. Water was carefully measured and added 
to systems in which AlClj-H/) was employed as the catalyst.

T e x a s  C it y , T e x .
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Amyl- and phenyl-potassium, prepared from potassium metal and amyl chloride or anisole, respectively, metalated 
cumene almost exclusively in the alpha position rather than on the nucleus. These results are contrasted with those obtained 
previously in this and other laboratories. The cation and associated salts have a greater influence upon the position attacked 
than does incipient acidity of the hydrocarbon.

Three different laboratories have obtained dif
ferent results in the metalation of cumene, as has 
been noted in a recent review.2 A reason for these 
differences should be understood because one of 
the laboratories3 has maintained that the inductive 
and field effects of the substituent group determine 
the position attacked. This viewpoint has been 
reaffirmed in the review.2 The differences cannot be 
credited to errors in the identification of the 
products of carbonation because the three labora
tories agree about the properties of the respective 
acids. One feature, however, stands out clearly; 
each laboratoiy has in general prepared its metalat- 
ing agent by a different method. This laboratory 
has used amylsodium,4 5-6 prepared from amyl 
chloride and sodium; it metalated cumene almost 
exclusively on the nucleus. Bryce-Smith,3 with one 
exception, used an alkylpotassium reagent which 
was made from potassium metal and an alkyllithium 
compound; it metalated 81 to 87% on the nucleus 
and the rest at the alpha carbon atom. Gilman and 
co-workers made only two experiments, one with a 
reagent derived from sodium and diethylmercury6 
and the other from potassium and the mercury 
compound7; both caused a large amount of lateral 
metalation with possibly some nuclear displace
ment also, although the separation of the acids cor
responding to the latter did not occur easily.

If three different reagents caused three different 
results, another method of preparing a reagent 
might cause a still different result. This thought has, 
indeed, been realized with a preparation of amyl- 
potassium made according to Equation 1 which 
parallels the preparation4-6 of amylsodium from 
amyl chloride and sodium. This potassium reagent

C6H„C1 +  2K(or Na) — > C6H„K +  KCl(or NaCl) (1)

(1) This work was performed as part of a research project 
sponsored by the National Science Foundation.

(2) A. R. Benkeser, D. J. Foster, D. M. Sauve, and
J. F. Nobis, Chem. Revs., 57, 867 (1957).

(3) D. Bryce-Smith, J. Chem. Soc., 1079 (1954).
(4) A. A. Morton, J. T. Massengale, and M. L. Brown, 

J. Am. Chem. Soc., 67, 1620 (1945).
(5) A. A. Morton and E. L. Little, J. Am. Chem. Soc., 

71, 487 (1949).
(6) H. Gilman and R. V. Young, J. Am. Chem. Soc., 62, 

1519 (1940).
(7) H. Gilman and L. Tolman, J. Am. Chem. Soc., 68,

522 (1946).

metalated cumene predominantly at the alpha 
position (2% on the nucleus) whereas Bryce- 
Smith’s3 amylpctassium had attacked the alpha 
position only 17% and amylsodium prepared as 
indicated in equation 1 had metalated laterally 
only 1%. The nearly exclusive nuclear metalation 
by amylsodium had already been demonstrated 
both here4-6 and in the London3 laboratory. Hence 
when the same materials were used for preparing 
the reagent, the results, as far as lateral versus 
nuclear attack was concerned, agreed despite the 
fact that the London laboratory did not use high 
speed stirring; and when unlike materials were 
used, as in the above cases, the results disagreed. 
Very clearly the reagent, rather than the hydro
carbon, determined the position attacked.

The idea of incipient acidity as the determinant 
of orientation is inconsistent algo with the position 
attacked by phenylpotassium. That reagent, which 
was prepared in two ways according to Equations 
2 and 3, attacked the alpha position predominantly

C6H„C1 +  2K +  C6H6 — ^  C5H12 +  KC1 +  C6H6K (2) 
C6H6OCH3 +  2Iv — ^  C6H5K +  KOCH3 (3)

(85% and possibly higher). According to the values 
for incipient acidity, as determined by Bryce- 
Smith,3 nuclear attack should have occurred ap
proximately four to one and metalation should 
have been slight because the attacking phenyl 
anion would have to remove a proton from the de
activated nucleus in cumene.

The present results emphasize the importance of 
the cation. When the cation was potassium, and no 
other cation but potassium was present in the as
sociated salt, the preferred position of attack was 
at the alpha carbon atom. When sodium cations 
only were present the preferred position was on the 
nucleus. This preference of potassium for the alpha 
position accords also with the results from metala
tion by potassium metal8 and sodium oxide. The 
sodium cation in the oxide salt did not alter the 
position taken by potassium, and the potassium 
cation remained at the alpha position during months 
of aging.9 Incipient acidity had no control in these

(8) C. E. Cla.ff, Jr., and A. A. Morton, J. Org. Chem., 20, 
981 (1955).

(9) A. A. Morton and J. E. Eisenmann, J. Org. Chem., 
23,1469 (1958).
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cases. The frequent failure of incipient acidity as 
a guiding rule in these reactions has been noted 
earlier.10

To chemists who wish to interpret and predict 
all things by a simple anionic concept, which has 
been derived from the reactions of dissolved and 
dissociated reagents, this situation possibly seems 
distressing; but to those who think in terms of 
reactions of complexes and associated salts and 
particularly of reactions at the surfaces of solids, 
these results are quite in order. Organic compounds 
are adsorbed or chemisorbed on the solids as the 
first step of reaction and their accessibility to the 
reagent determines the reaction. A change in the 
cation or the association of other solids with the 
reagent changes the number and position of the 
places where adsorption can occur. Consequently 
the degree and sometimes the type of reaction 
change. Already these ideas have been certified in 
five separate fields—polymerization,11 alkylation,12 
metalation,13 ether cleavage,14 and pyrolysis.15 
The effect was very striking in the polymerization 
of butadiene11 where the association of sodium 
isopropoxide and sodium chloride with allylsodium 
changed the process from the 1,2-chain growth, 
universally credited to anionic reagents, to a 1,4- 
growth which became as high as was found in free 
radical polymerization.

The wide variety of results obtained because the 
reagents were prepared differently must not obscure 
the fact that broadly the conclusions and opinions 
are the same when the separate factors are meas
ured. For instance the two laboratories which have 
studied the effect of some variables agree that the 
anion has no appreciable influence on orientation; 
this laboratory because amyl- and phenyl-potassium 
behaved alike in metalating cumene at the alpha 
position and the London laboratory3 because ethyl-, 
propyl-, and amyl-potassium gave the same meta/ 
para ratio in metalation at the nucleus. Also both 
laboratories agree that the cation does have an 
influence; the former because amyl-sodium and 
-potassium metalated primarily at the nucleus 
and side chain, respectively, and the latter3 be
cause amyl-sodium and -potassium gave different 
meta/para ratios in metalation at the nucleus. 
However, Bryce-Smith3 did not think that the dif
ference was great enough to alter his opinion about 
the mechanism being anionic with the position of

(10) A. A. Morton and C. E. Claff, Jr., J. Org. Chern., 21, 
736 (1956).

(11) A. A. Morton, I. Nelidow, and E. Schoenberg, Proc. 
3rd Rubber Tech. Conf., (1948) 108; A. A. Morton, Advances 
in Catalysis, IX 743 (1957), Academic Press Inc., New York.

(12) A. A. Morton and A. E. Brachman, ./. Am. Chem. 
Soc., 73, 4363 (1951).

(13) A. A. Morton, C. E. Claff, Jr., and F. W. Collins,
Org. Chern., 20, 428 (1955).
(14) A. A. Morton and A. E. Brachmau, J. Am. Chem. 

Soc., 76, 2973 (1954).
(15) A. A. Morton and E. F. Cluff, J. Am. Chern. Soc.,

74, 4056 (1952).

attack controlled by the incipient acidity of the 
hydrogen atoms. Unfortunately his comparison of 
cation influence was with two reagents prepared 
by different methods. When the comparison was 
with two reagents made by the same method, as 
has been observed with the amyl-sodium and -po
tassium reported in this paper, the difference is too 
large to ignore.

The real disagreement between the two labora
tories is concerned with the influence of associated 
salts upcn metalation. This feature is new and is not 
recognized generally. Indeed, the recent reviewers2 
of this field have given considerable weight to the 
adverse opinion of Bryce-Smith5 and have sug
gested 'ha t still more evidence is required.16 
Actually the difference is one of fact versus opinion. 
Over many years this laboratory has shown that 
associated salts can exert an influence11-16 in a 
variety of reactions and specifically has shown that 
a lithium alkoxide can affect the orientation in the 
dimetalation of benzene.17 Bryce-Smith3 stated 
that any effect by an alkoxide was “unlikely” but 
made no tests. In a previous paper18 he had ac
knowledged that his potassium reagent probably con
tained a lithium compound (39%) and had sug
gested a composition of the type (RLi)I(RK)i,. 
Apparently an inactive salt, such as an alkoxide or 
alkyllithium compound, which could not itself 
metalate a hydrocarbon, was supposed to be in
capable of affecting the action of the metalating 
agent. Hence no control test was made of metala
tion in the absence of such a compound. The experi
ments reported in this paper show that in the ab
sence of a lithium compound, metalation by a potas
sium reagent is chiefly lateral rather than nuclear.

Special attention is directed to the method of 
analysis of the products of metalation. Infrared 
measurements19 of phenyl-sodium and -potassium, 
of benzyl-sodium and -potassium, of p-tolylpotas- 
sium, and of cumenylsodium and phenylisopropyl- 
potassium show distinctive absorption for the aryl 
ions at 1210 cm.-1 and for the benzyl type ions at 
1165 cm.-1 The two absorptions are sharply char
acteristic. The method has proven unusually valu
able in following chemical changes, for instance in 
the metalation of cumene by phenylpotassium. 
It is superior to the usual carbonation process be
cause any secondary changes during carbonation 
cannot become involved. For example some car-

(16) On page 873, line 24, of the recent review2 the yield 
should be 17% instead of 48%. The original report5 gave 
48%. aa -he total yield of acids obtained by carbonation, 
but pointed out that. 64.5%, of the total acid was eaproic 
acid, representing unchanged amvlsodium which had not 
participated in metalation. This result therefore does not 
constitute an exception to the alkoxide effect.

(17) A. A. Morton and O. E. Claff, Jr., J. Am. Chem. Soc., 
76, 4935 (1954).

(18) D. Brvce-Smith and E. E. Turner, ./. Chem. Soc., 
861 (1953).

(19) E. J. Lanpher, J. Org. Chem., 21, 830 (1956); J. Am. 
Chem. Soc., 79, 5578 (1957).
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boxvl might be introduced into the nucleus during 
carbonation of phenylisopropylpotassium because 
of a rapid change of one radical (or ion) into the 
other during carbonation as shewn in Equation 4.

C6H5C(CH3)2----- > •C6H4CH(CH3)2 (4)

For this reason the tests6 by oxidation of the crude 
acid product by chromic acid or permanganate can 
be open to some question although that method 
was used twice in the present work and gave roughly 
confirmatory results.

E X P E R IM E N T S

Direct determination of the metalation product by infrared 
absorption. Nujol mulls19 were prepared from 5-ml. samples 
of each suspension as obtained from a reaction mixture. 
Excess solvent was removed by evaporation under vacuum. 
The grease-like residue of Nujol and organometallic com
pound was smeared between salt plates under dry box condi
tions. The film was adjusted to proper thickness. Excellent 
spectra were obtained in these cases. The bands were sharp 
with strong absorption at numerous positions as would be 
expected for aromatic compounds. All preparations used in 
establishing the facts that the aryl ion absorbed at 1210 
cm. -1 and the benzyl-type ion absorbed at 1165 cm. -1 were 
carried out by methods which have been shown by carbona
tion to give primarily or exclusively the type of acid cor
responding to the card anion in question.

Amylpotassium and cumene. Amyl chloride (30 ml. or 0.25 
mole) was added dropwise during 1 hr. at —10° to a sus
pension of 19.5 g. (0.5 atom) of potassium sand in heptane 
which contained 60 g. (0.5 mole) of cumene. The conditions 
were in general similar to those regularly used in the prep
aration of amylsodium.20 The product showed no band at 
1205 cm. -1 characteristic for an aryl ion but absorbed 
strongly at 1165 cm.-1 as is typical for phenylisopropyl
potassium. In order to determine traces of nuclear metalation 
the crude solid, low melting, water-soluble phenvlisobutyric 
acid (2.5 g.) from a 100-ml. aliquot of the reaction mixture 
was oxidized by chromic acid.3 By this procedure an aromatic 
acid (any m- or p-cuminic acid) would be oxidized to an 
isophthalic or terephthalic acid which would be insoluble 
in water. The yield o: insoluble acid thereby obtained was 
53 mg. corresponding to only 2% of the total product.

(20) A. A. Morton. F. D. Marsh, R. D. Coombs, A. L. 
Lyons, S. E. Penner, A. E. Ramsden, V. B. Baker, E. L. 
Little, Jr., and R. L. Letsinger, J. Am. Chem. Soc., 72, 3785
(1950).

Phenylpotassium from amyl chloride and benzene. In a 
typical preparation potassium (39 g., 1 mole) was added to 
400 ml. of heptane and 150 ml. of benzene, both liquids 
having been dried over sodium hydride. The temperature 
was raised to 95° and the mixture stirred at 5000 r.p.m. 
in the high speed stirring apparatus commonly used in 
preparations of organoalkali metal reagents in this labora
tory. The mixture was cooled to —10°. Amyl chloride 
(61 ml., 0.5 mole) was added dropwise to the potassium 
sand during 1 hr. The infrared absorption at 1205 cm. -1 
was strong. The carbonated product was solely benzoic 
acid (m.p. 121-122°) and the yield was 34 g., or 55% based 
upon the amyl chloride.

Phenylpotassium from anisóle. Potassium sand (19.5 g., 
0.5 atom) was prepared in 500 ml. of heptane at 95° in the 
high speed stirring apparatus. The addition of 0.5 ml. of 
anisóle at this time often facilitated dispersion of the metal 
and gave a finer sand. The mixture was allowed to cool to 
room temperature. Anisóle (27 g. or 0.25 mole) was added 
dropwise over a period of 1 hr. while the mixture was stirred 
at 5000 r.p.m. The temperature was maintained at 25-30°. 
The infrared absorption from a sample of this preparation 
showed strong absorption at 1210 cm. ”1 typical for the 
phenyl ion. Carbonation by forcing the light colored sus
pension onto solid carbon dioxide yielded benzoic acid (m.p. 
122-123°) in a yield of 60%.

Phenylpotassium and cumene. To 100-ml. suspension of 
phenylpotassium prepared from amyl chloride, benzene, and 
potassium was added 150 ml. (1 mole) of cumene which 
previously had been dried over sodium hydride. During 
five days at room temperature the infrared absorption at 
1210 cm. ”1 gradually disappeared while strong absorption 
developed at 1165 cm. ”1 The yield of crude acid was 6.7 g. 
(75%). The crystals from hot water melted at 77-78°, close 
to that, recorded21 (80-81°) for phenvlisobutyric acid and 
identical with a sample from a previous preparation10 in this 
laboratory.

A preparation of phenylpotassium made from potassium 
metal and anisóle showed a similar change in infrared 
absorption when cumene was added.

The crude carbonated product from this metalation was 
oxidized by permanganate according to the method of 
Bryce-Smith.5 The yield of 0.55 g. (m.p. 77-78°) from 
0.65 g. of crude acid corresponded to 85% phenylisobutyric 
acid according to the procedure prescribed.6

Acknowledgments. The authors are indebted to 
Marianne Taylor for infrared analyses and to James 
Howard for assistance in many of the preparations.
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(21) K. Ziegler and H. Thielmann, Ber., 56, 1740 (1923).
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Phenylpotassium, but not phenylsodium, appears to add to benzene. The addition was accompanied by metalation so 
that the final product was dihydrobiphenyldipotassium. The product was similar to that which was obtained by the addition 
of potassium to biphenyl under the same experimental conditions. A continuation of the addition-metalation process, accom
panied probably by elimination of potassium hydride, produced a cross-linked insoluble infusible polymer. In the light of 
the present work it is reasonable to assume that Abefianz in 1872 had obtained phenylpotassium as an intermediate in the 
reaction of potassium with benzene.

For many years alkali metal amides2 and 
organoalkali metal compounds3 have been known 
to add to pyridine but not to benzene. This paper 
reports that phenylpotassium probably adds to 
benzene. Metalation follows immediately to give 
dihydrobiphenyldipotassium. Equation 1 shows

CtH tK
c 6h 6k  +  c 6h 6 — ^  c 6h 5—c 6h 6- k ------ >-

C6H6—C6H5K2 (1)

these steps. The final organodipotassium product 
absorbed strongly at 1165 cm.-1, which is charac
teristic for the benzyl type ion4 and is identical 
with that shown by phenylisopropylpotassium.4 
Therefore one anion center must be at the alpha 
carbon as shown in (a) or (b) just as it is in phenyl
isopropylpotassium shown in (c). The second anion 
center is possibly at the para position as in (a)

C H = C H
I I

C6H6C-K+ CH-K +

C H = C H
(a)

CH=

C6H6C- K

K+-CH-

=CH

CH

- A h
(b)

c h 3
I

C6H5C"K+
I

c h 3
(c)

rather than at the ortho position as in (6) because 
attachment of two potassium ions to distant 
carbon atoms seems more favored than to adjacent 
carbons. Other evidence to be described later sup
ports that opinion. There may be also a general 
delocalization of electrons over both rings as in 
[CVHeCeHs] K2+ with which this paper is not con
cerned.

The reaction is probably a true addition of 
phenylpotassium to benzene rather than a union of 
two phenylpotassium compounds as in Equation 2

2C6H6K — >  C6H6—C6H6K2 (2)

because benzene was necessary. In petroleum 
which was freed from benzene, the infrared ab
sorption at 1205 cm.-1, characteristic for the 
phenyl ion,4 changed very little during a month of

(1) This work was performed as part of a research project 
sponsored by the National Science Foundation.

(2) A. E. Chichibabin and O. A. Zeide, J. Russ. Rhys. 
Chem. Soc., 46, 1216 (1914).

(3) K. Zeigler and H. Zeiser, Ann., 485, 174 (1921).
(4) A. A. Morton and E. J. Lanpher, J. Org. Chem., 23, 

1636 (1958).

aging. In the presence of benzene, however, ab
sorption at that wave length disappeared during 
weeks at room temperature or hours at 70° while 
absorption appeared and increased at 1165 cm.-1 
characteristic for the anion center at the alpha 
carbon atom.

The biphenyl-type character of the product was 
demonstrated by pyrolysis under vacuum at 150° 
whereby biphenyl was recovered in about 30% 
yield. The same treatment applied to the starting 
material, phenylpotassium, yielded benzene as the 
volatile product. Furthermore potassium metal 
reacted with biphenyl in heptane under the con
ditions employed in the reaction of phenylpotassium 
with benzene. The infrared absorption of this addi
tion product was essentially identical with that of 
the addition-metalation product from phenylpotas
sium and benzene, notably at 1165 cm.-1 Also it 
yielded biphenyl when pyrolyzed at 150° under 
reduced pressure.

For a while the presence of a little biphenyl in the 
non-acid portion from the product of the addition- 
metalation reaction of phenylpotassium with 
benzene and the knowledge that potassium metal 
could add to biphenyl under those same conditions 
suggested that the course of the addition-metalation 
reaction might, instead, have been through de
composition of phenylpotassium to biphenyl and 
potassium followed by recombination, as in Equa
tion 3. The need for benzene in the process and the

i—*-2C6H5----->■ C6H6C6H6-,
2C6H5K—I KCeHs—C6H5K2 (3)

i—i-2K------------------------- 1

failure to get biphenyl from the pyrolysis of phenyl- 
potassium made this possibility seem less reason
able than the process according to Equation 1.

Identification of the product by carbonation 
was only partially satisfactory because separation 
of a pure diacid and determination of the structure 
were not easy. The comparatively high melting 
dihydrobiphenyldicarboxylic acid had the same 
neutralization equivalent as benzoic acid but the 
molecular weight of the dimethyl ester was a little 
over twice that of methyl benzoate. The diacid was 
somewhat sensitive to air oxidation as might have 
been expected. Previously some difficulty -with a
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structure of this type had been experienced by 
Schlenk and Bergmann5 and by Hiiekel and 
Bretschneider6 who worked with the material ob
tained by hydrolysis of the addition product of 
alkali metal with biphenyl. Three facts about the 
diacid, however, accord with the view that the 
second anion center in the addition-metalation 
product is para to the first as represented in (a); 
first because vacuum distillation of the diacid over 
copper yielded a small amount of crystalline p- 
phenylbenzoic acid, second because an attempt 
to prepare a crystalline anhydride (such as an 
ortho dicarboxylic acid should yield) by heating in 
acetic anhydride and distilling yielded only a thick 
polymer-like mass and third because the ultraviolet 
absorption of the dicarboxylic acid showed no 
double bond conjugated with another double 
bond or with a carboxyl group.

Phenylpotassium, but not phenylsodium, re
acted with benzene. The difference between the two 
f alts is not surprising. Already the potassium ion 
has shown a preference for a lateral position. For 
instance potassium metal and sodium oxide 
metalated alkylaryl hydrocarbons at the alpha 
carbon atom,7 potassium hydroxide metalated 
fluorene8 in spite of the greater acidity of water 
over fluorene, amylpotassium metalated cumene 
predominantly in the lateral position4 whereas 
amylsodium attacked the nucleus, and phenyl
potassium surprisingly metalated cumene at the 
alpha carbon in disregard of the accepted difference 
in acidity between the hydrogen atoms of the side 
chain and the nucleus. Therefore the addition- 
metalation process (Equation 1) would have been 
favored by a change of a potassium ion from the 
nucleus in phenylpotassium to the alpha carbon 
as in structure (a) or to the distant para carbon 
atom which is connected to the alpha position 
through a pair of vinyl groups.

Presumably the process of addition-metalation 
should continue until high molecular weight prod
ucts are obtained. For instance the initial product 
(a) from Equation 1 would lose potassium hydride 
(Equation 4) to give biphenylpotassium. This

C6H6C6H5K2 — >  KH +  C6H6C6H6K (4)

compound, however, has a potassium ion attached 
to the nucleus just as does phenylpotassium. 
Therefore it should add to another aromatic ring. 
A continuation of this unusual addition type of 
polymerization should lead to high molecular 
weight products. Something of this type seemed to 
occur because the residue after pyrolysis at 150° 
under vacuum was an infusible insoluble cross-

(5) W. Schlenk and E. Bergmann, Ann., 463, 90 (1928).
(6) W. Hiiekel and H. Bretschneider, Ann., 540, 157 

(1930).
(7) C. E. ClafT, Jr., and A. A. Morton, ./. Org. Chem., 20, 

981 (19551.
(8) A. A. Morton, C. E. Claff, Jr., and H. P. Kagan, 

J. Am. Chem. Soc., 76, 4556 (1954).

linked mass. The infrared absorption showed the 
presence of some aromatic rings. In other words the 
residue was not a burnt carbonaceous mass but 
seemed to be the result of a mixture of orderly 
processes which increased the molecular size.

This work throws considerable light on an early 
claim by Abeljanz9(1872,1876) that he had pre
pared phenylpotassium. He had observed that 
Berthelot10 had been able to prepare naphthalenedi- 
potassium, CioH8K2, by fusing potassium metal 
with naphthalene, and he sought to carry out a 
similar reaction with benzene. In a closed tube, 
reaction set in at 150-190° but the mixture was 
kept for 7 hr. at 230-250°. Decomposition of the 
bluish black apparently crystalline mixture with 
ethyl bromide or water yielded biphenyl and p- 
terphenyl. He attributed these products to phenyl
potassium and phenylene dipotassium, thirty- 
six years later (1913) Schlenk and Meyer11 main
tained that Abeljanz had only coated metal with 
carbon. They advocated striking the reference from 
the literature. The current results suggest that both 
laboratories had made phenylpotassium, but as an 
intermediate rather than an end product. If potas
sium metal added to benzene as per Equation 5 the

2K +  C6H6 — 5- KC6H6K — > KH +  C6H5K (5)

dihydrophenyldipotassium product should be un
stable at that temperature and lose potassium hy
dride to form phenylpotassium. From that point 
the steps would be as described in this paper. 
Diphenyl, p-terphenyl, and “carbon” should be 
formed. Both laboratories had obtained all of the 
products12 which the present work, carried out at 
lower temperatures, would suggest.

Mention should be made also of the preparation 
of phenylpotassium by shaking potassium-sodium 
alloy and diphenyl ether in benzene as carried out 
by Miiller and Benge.13 Equation 6 shows that the

2K +  C6HsOC6H6 — ^  C6H5K +  KOC6H5 (6)

process is essentially the same as the preparation 
from anisole in this laboratory4 and might, indeed, 
be preferable because of the formation of potas
sium phenoxide instead of methoxide. Müller and 
Benge, however, happened to carry out the reaction 
in benzene which should react with phenylpotas
sium. Hence they found only a 33% yield of ben
zoic acid after carbonation whereas their analysis 
of phenol showed 95% cleavage. Much of the phen
ylpotassium must have reacted with benzene 
during the ten days shaking of the mixture, and 
the separation of some high melting (185-200°)

(9) H. Abeljanz, Ber., 5, 1027 (1872); 9, 10 (1876).
(10) M. Berthelot, Ann., 143, 97 (1867).
(11) W. Schlenk and H. Meyer, Ber., 46, 4060 (1913).
(12) H. Podall and W. E. Foster, J. Org. Chem., 23, 401

(1958), noted the formation of some biphenyl during the 
alkylation of benzene over potassium graphite at 200°. It 
might have formed from a reaction of potassium with ben
zene as observed by Abeljanz and by Schlenk and Mayer.

(13) E. Müller and Benge, Ber., 69, 2171 (1936).
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acid supports that idea. Liittringhaus and Schu
bert14 used a similar preparation of phenylpotas- 
sium in situ for their study of the met-alation of 
diphenyl ether. In that case, however, the metal 
ion moved promptly from phenyl to diphenyl 
ether.

The reactions of phenylpotassium with a few 
other compounds were tested. The reagent metal- 
ated anisole in the ortho position and carbonation 
produced o-anisic acid. When this o-potassionisole 
was heated to 70°, cleavage to potassium phen- 
oxide took place just as had occurred with the cor
responding sodium reagent.15 The large amount of 
tar formed simultaneously suggested that this 
arylpotassium compound, o-KCeH4O C H 3, may 
have undergone some addition with itself similar 
to Equation 2 or otherwise reacted to yield high 
molecular weight material. Addition of phenyl
potassium to butadiene gave a polymer with a ratio 
of trans-1,4- to 1,2-structure equal to 0.71. The 
same product was obtained regardless of whether 
the phenylpotassium was in the presence of potas
sium chloride or methoxide, that is, whether the 
reagent had been prepared from amyl chloride and 
benzene or from anisole.4 Also the addition-metala- 
tion product from phenylpotassium and benzene 
produced the same ratio of 1,4- and 1,2-structures 
in polybutadiene. This ratio is higher than the 
value (0.35) found in this laboratory for polymeri
zation by the usual type of sodium reagent but is 
much lower than found for polybutadiene made with 
the Alfin reagent.16 No addition took place with t- 
butylbenzene; the infrared absorption remained 
strong at 1210 cm.-1 while standing a week. 
The metalation of cumene by phenylpotassium has 
been reported in a separate paper.4

E X P E R IM E N T S

Infrared absorption by the potassium, compounds. The 
method of measurement of the infrared absorption of the 
organoalkali reagents and the value of these measurements 
have been described in another paper.4

Preparation of phenylpotassium. The method of preparing 
this reagent from amyl chloride, benzene, and potassium 
was described in the previous paper.4 Benzoic acid was 
obtained by carbonation as described previously. A suspension 
of the potassium reagent was centrifuged and the solvent 
was replaced by dry heptane. This operation was repeated 
twice. Thereafter the absorption at 1205 cm.-1 remained 
approximately the same for a month (the duration of the 
test). The benzene-heptane solvent was similarly replaced 
by i-butylbenzene which had been dried over sodium 
hydride. The absorption at 1205 cm.“1 showed no change 
during a week. Under similar conditions, but in benzene, 
a noticeable change in intensity of that band took place 
and a new band began to appear at 1165 cm.“1

(14) A. Liittringhaus and K. Schubert, Naturwissen- 
schaften, 42, 17 (1955).

(15) A. A. Morton and A. E. Brachman, J. Am. Cheni. 
Soc., 76, 2973 (1954).

(16) A. A. Morton, I. Nelidow, and E. Schoenberg,
Proc. 3rd Rubber Tech. Conf. (1954), 108; A. A. Morton, 
Advances in Catalysis IX , 743 (1957), Academic Press 
Inc., New York.

Reaction of phenylpotassium with benzene. Examination of 
a preparation of phenylpotassium which happened to have 
stood for six months at room temperature showed that 
absorption at 1205 cm." 1 had disappeared and a new band 
at 1165 cm." 1 had appeared. Accordingly a portion of the 
preparation was carbonated by addition to solid carbon 
dioxide. The carboxylic acid melted at 270-280° but had a 
neutralization equivalent of 127, similar to benzoic acid. 
The crude mixture was digested several times in hot water 
but did not dissolve easily as would benzoic acid. The dis
solved and undissolved portions showed atom ratios of 
carbon to hydrogen equal to 1.09 and 1.12, respectively. 
The calculated value for either benzoic acid or 1,4-dihydro- 
biphenyldicarboxylic acid is 1.17. Distillation of the un
dissolved portion in a 20 X 2 cm. short-path still gave a 
yellow appearing product on the finger tip condenser and a 
white powdery material on the wall. The melting point, 
percentage oxygen (by difference) and the atom ratio of 
carbon to hydrogen were 270-280°, 24.7, and 1.12 for the 
former and >325°, 25.1 and 1.07 for the latter. The per
centage oxygen in benzoic acid is 26.2. The slightly lower 
value for oxygen in these products can be attributed to a 
small loss of potassium hydride from the mixture of organo- 
potassium compounds present from the reaction.

A portion of the undissolved acid was esterified by 
methanol and acid and the ether solution of the ester was 
separated from traces of acid by extraction with sodium 
carbonate solution. The residue left by evaporation of the 
ether had a molecular weight of 301 in camphor. [C12H10- 
(C02CH3)2 requires 272.] Also the ester distilled at 150°/1 
mm. Both facts agree with the view that the product was 
largely the mono adduct from phenylpotassium and benzene 
followed by metalation as per Equation 1.

Distillation of 1 g. of the dissolved acid with 5 g. of copper 
powder at 150 ° /l mm. gave a white crystalline material 
which melted at 220-225° after being recrystallized from 
heptane. The acid chloride melted at 112-114° and the 
amide melted at 226-228°. The corresponding values re
corded17 for p-phenylbenzoic acid and its chloride are 228° 
and 114-115°. The infrared absorption of the acid was 
identical with that from a previous preparation in this 
laboratory.

From another preparation which had been made by stir
ring phenylpotassium with benzene at 70° for 12 hr., the 
yellow-white mixture of carboxylic acids W'as steam distilled 
in order to remove benzoic acid (4.3 g.) which was present 
because of some phenylpotassium wThich had not yet reacted 
■with benzene. The residue of high molecular weight acid 
became yelkw-brown because of aerial oxidation. This 
sensitivity to air generally hampered efforts to get pure com
pounds from the mixture.

Repeated crystallization from ethanol-water and from 
heptane eventually yielded minute crystals which melted 
with decomposition at 325° (another lot at 335-350°) and 
had a neutralization equivalent of 150. The analysis of car
bon and hydrogen, however, corresponded to no simple 
product. Bromine yielded no simple product which showed 
a specific composition.

The mixture of carboxylic acids wuas heated in acetic 
anhydride for several hours but no crystalline product was 
obtained from the solution or from the mixture which was 
obtained therefrom by precipitation with a hydrocarbon. 
An attempt to sublime an anhydride from this product at 
150°/1 mm. in a short path still yielded no crystalline mate
rial.

The ultraviolet absorption in ethanol showed that the 
diacid had a maximum absorption at 368 m^ and a molar 
extinction coefficient of 670. No conjugated system seemed 
to be present.

The non-acid portion from one of the preparations was

(17) I. Heilbrom, Diet, of Organic Chemistry, Oxford 
Univ. Press, New York, N. Y., 1950, Vol. II, p. 608.
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distilled to remove the solvent. A small amount of biphenyl 
(0.1 g.) was recovered. It melted at 09-71° and showed no 
depression when mixed with an authentic sample.

Thermal decomposition of the potassium compounds. A 
suspension (50 ml.), containing 28.2 milliequiv. of phenyl- 
potassium in heptane-benzene, was centrifuged and washed 
with pentane in order to remove all trace of benzene or 
biphenyl. Then the pentane was removed by vacuum dis
tillation and the phenylpotassium was subjected to heat at 
150°/1 mm. for 9 hr. The solid collected in the cold trap 
melted to a liquid with the odor of benzene. The yield was
1.06 g. (50%); n™ 1.4960. The residue from this decom
position -was decomposed with methanol. The product was 
infusible and insoluble in common organic solvents. An 
analysis showed 87.03% carbon and 4.85% hydrogen with 
some ash. The atomic ratio of 1.5 carbon for each hydro
gen atom suggests that a condensed aromatic system was 
present. The infrared absorption made on a sodium bromide 
pellet was pronounced at 1600 cm._1 and at 695 to 810 cm.-1, 
characteristic for substituted benzene rings.

A similar decomposition was carried out on the reaction 
product of phenvlpotassium with benzene. An aged suspen
sion (50 ml.) containing 41.7 milliequiv. of phenylpotassium 
or its equivalent was centrifuged and washed with pentane. 
From this material 1 g. (30% yield) of a white powder was 
collected at 150°/1 mm. It was identified as biphenyl by 
its melting point (70°) and mixed melting point with an 
authentic sample. The residue was not soluble in benzene 
and common solvents and appeared similar to that obtained 
from phenylpotassium itself.

Potassium metal with biphenyl. Biphenyl (78 g., 0.5 mole) 
was stirred with 39 g. (1 atom) of potassium sand in 500 ml. 
of heptane at 70° for 6 hr. The infrared absorption bands of 
this suspension were identical with those from a fully aged 
preparation of phenylpotassium with benzene. After car- 
bonation 61 g. (50%) of carboxylic acids was recovered 
which melted at 240-250°. The infrared absorption of these 
acids was the same as for the acids derived from the reaction 
of phenylpotassium with benzene. The melting point was 
lower than for some of the fractions obtained from the 
phenylpotassium-benzene preparation but that fact is 
understandable because of the numerous variations from 
isomers and secondary changes. Attempts to separate 
crystalline carboxylic acids from this material proved as

difficult as with the material prepared from phenylpotas
sium-benzene.

Phenylsodium with benzene. A preparation of phenyl- 
sodium made from amyl chloride (61 ml., 0.5 mole) and 
sodium (23 g., 1 atom) in benzene which had stood for 24 
months showed a strong absorption at 1205 cm. -1 and only 
very weak absorption in the region of 1165 cm. -1

Phenylpotassium and anisole. A suspension of 50 ml. (28 
milliequiv.) of phenylpotassium (from amyl chloride, ben
zene, and potassium) in heptane was allowed to react with 
27 g. (0.25 mole) of anisole at room temperature for one 
week. Carbonation and separation of the carboxylic acid 
gave 2.7 g. (60%) of a beautifully crystalline (from heptane) 
material which melted at 102-103°, did not depress the 
melting point of an authentic sample of o-anisic acid, and 
showed infrared absorption identical with that sample.

A sample of o-potassioanisole prepared as described above 
was heated at 75° for 20 hr. Carbonation yielded 26 g. of 
phenol which was identified by the melting point of the 
tribromo derivative (89-92°). The large residue of tarry 
product which accompanied the phenol suggested that this 
arylpot.assium compound might have undergone some change 
comparable to that written for phenylpotassium in Equa
tions 2 or 3.

Butadiene and potassium reagents. Phillips research grade 
of butadiene (30 ml.) was polymerized in 200 ml. of pentane 
by 10 ml. of (a) a suspension of phenylpotassium made from 
either amyl chloride, benzene, and potassium or from anisole 
and potassium or (b) a suspension of phenylpotassium in 
benzene which had aged and therefore had changed to the 
biphenyl type product. In each case polymerization was 
allowed to take place for 1 hr. Then the mixture was decom
posed with methanol and the solvent and excess butadiene 
removed by evaporation at reduced pressure. The infrared 
absorptions in carbon disulfide solution showed ratios of 
trans 1,4- to 1,2-structures (absorption at 10.34 and 10.98 
microns, respectively) of 0.71.
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Several pairs of acid chlorides have been dehydrohalogenated by means of triethylamine, under differing conditions, to 
mixtures of ketene dimers. The latter have been hydrolyzed in poor yields to mixtures of symmetrical and unsymmetrical 
ketones. In addition, considerable amounts of acids have been obtained in most cases, which suggests that variations exist 
in the rates of formation and dimerization of the aldoketenes.

Sauer2 has shown that the procedure which 
involves the dehydrochlorination of acid chlorides 
by tertiary amines to ketene dimers, followed by 
hydrolysis of the latter, affords symmet rical ketones 
in high yields. The dehydrohalogenation of a mix
ture of two acid chlorides would be expected to

(1) Abstracted in part from the Ph. D. thesis of H. M. 
Molotsky, 1953.

(2) J. C. Sauer, J. Am. Chem. Soc., 69, 2444 (1947).

RsN
RCHoCOCl — > R C H = C =0 •— > Aldoketene dimer

HjO, H +

— COi T
RCH,CCH,R -<-------  RCH2C—CTT—CO.II

Il II I
0  O R

lead to four ketene dimers. Sauer2 has demonstrated 
in the case of acetyl and lauroyl chlorides the for
mation of the two simple dimers, and one of the
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mixed dimers, by reaction with aniline to give the 
corresponding acetoacetanilides. He obtained simi
lar results with a mixture of propionyl and caproyl 
chlorides.

Roberts and co-workers3 have studied the mixed 
aldoketene dimer of methyl and hexylketenes by 
the isotopic tracer technique, and have shown that 
it does not possess a 1,3-cyclobutanedione struc
ture. They suggested that aldoketene dimers are 
best formulated probably as vinylaceto-/3-lactone 
or j3-crotonolactone derivatives.

In spite of the fact that the hydrolysis of a mix
ture of ketene dimers from two acid chlorides ob
viously will produce several ket ones, it was thought 
that, by the proper choice conditions, one might be 
able to exploit the method to obtain unsymmetrical 
ketones in satisfactory yields. The present report 
describes an investigation in which several pairs 
of acid chlorides were dehydrochlorinated under 
varying conditions to mixtures of aldoketene dimers. 
The latter were subjected to acid hydrolysis to 
give mixtures of symmetrical and unsymmetrical 
ketones, as well as considerable amounts of other 
materials.

A number of preliminary experiments was car
ried out with acetyl chloride as the invariant re
actant. The dehydrohalogenations were effected 
by means of triethylamine in ether solution in the 
usual manner.2 After removing the triethylamine 
hydrochloride by filtration, the ethereal solutions 
were heated to reflux with dilute sulfuric acid for 
several hours. Although the methods employed 
were relatively crude, the unsymmetrical ketones 
were isolated in yields of 8-26% as shown in 
Table I. In addition to the ketonic products, 
dehydroacetic acid was obtained in fairly respect
able yields, as well as the fatty acids corresponding 
to the alkyl acid chlorides employed.

TABLE I
P r e l im in a r y  D e h y d r o h a l o g e n a t io n  R e a c t io n s  o f  

M ix t u r e s  o f  A c e t y l  a nd  O t h e r  A cid  C h l o r id e s

Acid
Chloride

Symmetrical
Ketone

%
Yield“

Unsymmetrical
Ketone

07Zo
Yield

n-Butyryl 4-Heptanone 18 2-Pentanone 13
Isovaleryl 2,6-Dimethyl-4- 4-Methyl-2-

heptanone 12 pentanone 8
Caprylyl 2-Nonanone 16
Undeeylenyl ll-Dodecene-2-

one 8
Capryl 10-Nonadeca- 2-lIendeeanone 26

none 13

“ Yields based upon longer chain acid chloride.

These results suggested that a more detailed 
investigation of the conditions for the dehydro
halogenation reaction of a mixture of two acid 
chlorides might lead to improved yields of the de

(3) J. D. Roberts, Rose Armstrong, R. F. Trimble, Jr.,
and M arion Burg, J . Am . Chem. Soc., 71, 843 (1949).

sired unsymmetrical ketones. The combination 
of acetyl and capryl chlorides was chosen for study, 
and this system was caused to react under the 
different experimental conditions summarized in 
Table II.

TABLE II
H y d ro ly sis  P r o d u c ts  o f  M ix e d  K e t e n e  D im e r s  fr o m  

A c e t y l  a nd  C a pr y l  C h l o r id e s

Ketones, Acidic Products,
% Yield“ % Yield

Dehy-
2-Hen- 10-Non- dro-
deca- adeca- Capric acetic

Conditions none none acid Acid
Standard procedure6 
Ratio of acid chlorides“

33 18 16 9

1.4:1 13 9 17
Ratio of acid chlorides 

3:1
Ratio of acid chlorides

15 12 18

9:1
Amine added to mix-

28 17 25 17

ture of acid chlorides 
Temp. —60° for 11 hr.;

17 18 17

5° for 6 hr.; 25° for 
24 hr. 19 20 19 15

Capryl chloride added
to amine, then acetyl 
chloride introduced 
within 1 hr. 13 37 30 11

Ether replaced by 
toluene for solvent 

Petroleum ether (b.p.
18 38 29 28

86- 100°) used as sol
vent 10 15 19

Carbon tetrachloride
used as solvent 26 22 51 2

Acetone used as solvent 
Modified standard pro-

16 16 37 6

cedure 19 12

“ Yields of ketones based upon longer chain acid chloride 
with corrections made for materials converted to corre
sponding acids. 6 Described in Experimental part and used in 
all runs with changes indicated. c Ratio of shorter to longer 
chain acid chloride.

The same basic method was followed in each of 
these experiments, with the exceptions indicated. 
The standard procedure consisted of adding an 
ether solution of the mixture of acid chlorides slowly 
to an ether solution of triethylamine which was 
cooled to —10 to —15°. The reaction mixture was 
stirred at this temperature for 9 hours, and for an 
additional 12 hours at room temperature. I t was 
stirred then with 3% sulfuric acid solution to re
move the triethylamine hydrochloride. The ether 
solution of reaction products was concentrated, 
and the residue was hydrolyzed with 4% sulfuric 
acid at 60-65° for 5 hours. The organic layer was 
washed with 15% sodium bicarbonate solution, 
dried, and fractionated. The aqueous layer was 
neutralized with sodium bicarbonate, extracted 
with ether, reacidified and again extracted with 
ether. Dehydroacetic acid was obtained upon con
centrating the latter solution.
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In the first four experiments listed in Table II, 
the ratio of acetyl chloride to capryl chloride was 
varied from 1.4:1 to 9:1. The results indicated that 
the ratio of 6:1 was the most desirable of those 
tried. Accordingly, this proportion was held con
stant during the remainder of the experiments.

The next run was designed to testffhe possible 
effects of adding the triethylamine to an ether 
solution of the acid chlorides. In agreement with 
Sauer,2 no noticeable differences in amounts of 
products were observed. This may be accounted for 
on the basis that the tertiary amine-acid chloride 
complexes undergo a relatively slew rate of de
composition.

The latter factor probably was responsible also 
for the results obtained in the attempt to carry out 
the dehydrohalogenation of the mixture of acid 
chlorides at temperatures of 60-70° below those 
normally employed. It appeared that the dehydro
halogenation reaction did not occur to any appre
ciable extent until the reaction mixture was allowed 
to warm to approximately 0°.

It was thought that a variation in time of addition 
of the acid chlorides might have an influence on 
the formation of the ketene dimers. Accordingly, 
capryl chloride was added to an ether solution of 
triethylamine, and one hour was allowed to elapse 
before the acetyl chloride was introduced. The data 
from this experiment suggest that the formation 
of the mixed ketene dimers might have been sup
pressed to some extent, due perhaps to the forma
tion of a certain amount of octylketene dimer be
fore any ketene was present in the reaction system. 
It is conceivable also that the octylketene was 
formed fairly rapidly, but that ketene undergoes 
self-condensation at a rate faster than that at which 
it reacts with substituted ketenes.

Rice and Greenberg4 5 have shown that, in general, 
the rate of dimerization of ketene at 0° is slower in 
solvents of low dielectric constant. Also, Hueter6 
has claimed that decylketene and tetradecyl- 
ketene are formed from the acid chlorides of lauric 
and palmitic acids respectively, when they are 
dehydrohalogenatedin carbon disulfide and benzene. 
Accordingly, four experiments were carried out in 
which the solvents were changed in the hope that 
it would be possible to influence favorably the rate 
of condensation of ketene with octylketene.

The solvents chosen for study were toluene, 
petroleum ether (b. p. 86-100°), carbon tetra
chloride, and acetone. As shown in Table II, the 
yields of ketonic compounds were greatest, al
though perhaps not significantly so, in the case of 
toluene, while little or no improvements were 
realized with the other solvents. The results with 
petroleum ether were inconclusive since the over

(4) F. O. Rico and J. Greenberg, J. Am. Chem. Soc., 56, 
2132 (1934).

(5) R. Huctcr, U. S. Patent 2,383,863 (1945); Chem.
Abstr., 40, 351 (1946).

all yield of products isolated was low due to the 
formation of a large quantity of polymeric material.

After all but the last two experiments had been 
completed, it was found that the sodium bicarbo
nate wash had not removed all of the capric acid 
from the neutral fractions. This discrepancy was 
rectified by determining the amount of capric acid 
in each sample of ketone by titration with stand
ard alkali. The neutral fractions then were washed 
with 15% sodium hydroxide and redistilled. In all 
further experiments, the mixtures from the hy
drolysis reaction were extracted with sodium bi
carbonate and sodium hydroxide solutions. As in
dicated in Table II, this is referred to as a modi
fied standard procedure.

The dehydrohalogenations which were carried 
out in toluene, carbon tetrachloride, and acetone 
differed noticeably from the others in the larger 
amounts of acidic materials which were obtained. 
Since triethylamine hydrochloride was isolated 
almost quantitatively from a number of the re
action mixtures, it is conceivable that the capric 
acid which was recovered arose from the hydrolysis 
of octylketene. If this is true, then it appears that 
the rate of dimerization of aldoketenes is related 
to the nature of the solvent in which they are pre
pared.

Further studies were conducted then on the 
dehydrochlorination of the mixtures of acid chlo
rides shown in Table III. The following conditions 
were common to all of the reaction systems: 
ether was employed as the solvent, the ratio of the 
smaller to the larger acid chloride was 6:1, the ether 
solutions of the acid chlorides were added to an 
ether solution of triethylamine and the reaction 
mixtures were hydrolyzed by means of a 5% sul
furic acid solution at 50-65°.

TABLE III
H y d r o l y s i s  P r o d u c t s  o f  M i x t u r e s  o f  K e t e n e  D i m e r s

Acid
Chlorides“ Ket ones

%
Yield"

Acidic
1 Products

%
Yield

Acetyl and 2-Heptanone 14 Caproic acid 23
caproyl 6-Hendecanone 23 Dehydroacetic

acid
10

Acetyl and 2-Nonadec an onc! 14 Stearic acid 23
stearyl 18-Pentatria-

contanone
Dehydroacetic

acid
10

Propionyl 3-Octanone 13 Caproic acid 32
and
caproyl

6-Hendecanone 26 Propionic acid 8

Propionyl 3-Dodecanone 17 Capric. acid 20
and
capryl

10-Nonadeca-
none

24 Propionic acid 12

“ Modified standard procedure used in all experiments. 
6 Yields of ketones based upon the longer chain acid chloride, 
with correction made for materials, converted to corre
sponding acids.

The results of these experiments were fairly 
uniform in regard to the yields of products ob
tained. The percentages of recovered fatty acids
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or related materials were almost as great as those 
of the carbonyl components. In all cases, residues 
were encountered which, on a weight basis, were 
equal to or greater than the ketonic fractions.

The data obtained from the present investiga
tion indicate that the reaction sequence which in
volves the dehydrochlorination of mixtures of two 
acid chlorides, followed by hydrolysis of the re
sulting mixture of aldoketene dimers, offers little 
or no value as a synthetic procedure for obtaining 
unsymmetrical ketones. The reaction mixtures 
appear to be quite complex, and on the basis of the 
products isolated it seems that not only are the 
aldoketenes formed at varying rates, but that they 
also undergo dimerization at differing rates. The 
proportions of the symmetrical to unsymmetrical 
ketones which were obtained indicate that the for
mation of the mixed aldoketene dimers was not 
influenced greatly by the use of a considerable 
excess of one of the acid chlorides, or by varying a 
number of other factors.

The relatively large amounts of fatty acids found 
in most of the reaction products apparently arose 
from the hydrolysis of simple aldoketenes and not 
from unreacted acid chlorides. This result appeared 
to be most pronounced when carbon tetrachloride 
was used as a solvent. If the latter observations are 
correct, they indicate that the dimerization of 
aldoketenes is dependent to a considerable extent 
upon structure and reaction medium.

The results of this qualitative investigation sug
gest further that an extensive study of the rates of 
formation and dimerization of aldoketenes would 
be required before effective control might be exerted 
over the products which result from the dehydro- 
halogenation of a mixture of two acid chlorides.

E X P E R IM E N T A L

Materials. Acetyl, propionyl, n-butyryl, and isovaleryl 
chlorides were purchased from commercial sources. The 
other acyl chlorides were prepared from the corresponding 
acids and thionvl chloride. The triethylamine was purified 
by drying over potassium hydroxide pellets for 48 hr., re
fluxing with sodium until a fresh portion retained its luster, 
and then distilling into a receiver which contained sodium.

General aspects of the dehydrohalogenation procedures. The 
preliminary studies were carried out in most cases on a 1-3 
mole scale. The majority of the dehydrohalogenation reac
tions described in Tables II and III were run on about 3.5 
moles of acid chlorides. The ratio of solvent to reactants, 
which was not considered to be critical, was in the range of 
350-400 ml. per mole of triethylamine. In all reactions, the

latter was used in an excess of about 6-10%. All of the 
products of the reactions listed in the tables are known 
compounds. They were identified by comparison of their 
physical properties and derivatives, in many cases, with 
those reported in the literature.

The following procedure is representative, except for the 
scale of operation, of .the last three experiments in Table II 
and all in Table III. I t differs from the procedure employed 
for the first nine dehydrohalogenations described in Table II 
only in that the final hydrolysis products were washed with 
15% sodium hydroxide solution as well as with 10% sodium 
bicarbonate solution.

Dehydrochlorination of a mixture of acetyl and caproyl 
chlorides and hydrolysis of the reaction product. A solution of 
759 g. (7.5 moles) of triethylamine in 1000 ml. of anhydrous 
ether was cooled to —10° to —5° while a solution of 475 g. 
(6 moles) of acetyl chloride and 134 g. (1 mole) of caproyl 
chloride in 500 ml. of dry ether was added slowly with 
stirring over a period of 4 hr. The reaction mixture was 
allowed to remain in the ice bath for 10 hr., and then at room 
temperature for 24 hr. A sample of the reaction mixture gave 
a negative test for acid chlorides. The reaction mixture was 
extracted with 2000 ml. of 5% sulfuric acid solution to re
move the amine salt. In some cases the latter was separated 
by filtration and the yields of dry triethylamine hydrochlo
ride were approximately quantitative. The wet ether layer 
was separated and added to 500 ml. of 5% sulfuric acid. 
The ether was removed by distillation and the residue was 
heated at 50-65° with stirring for 4 hr. The oily layer was 
separated and washed with 10% sodium bicarbonate solu
tion. The aqueous fraction was neutralized with a saturated 
sodium bicarbonate solution and extracted with ether. The 
oily fraction was mixed with the ether layer and the combined 
solution was extracted with a 15% sodium hydroxide solu
tion, washed with water, and dried over anhydrous mag
nesium sulfate. The ether was removed in a steam bath 
and the residue was distilled under reduced pressure.

Two main fractions were obtained and identified as 2- 
hept.anone and 6-hendecanone. The former, 12.5 g., boiled 
at 148-151°, « d° 1.4098, lit,,6 b.p. 151°, n]f 1.41086. A 
semicarbazone was prepared; m.p., 122-123°; lit,,7 m.p. 
123°. The 6-hendecanone, 15.1 g., boiled at 88-90°/5 mm., 
n2D° 1.4291; lit.,8 b.p. 228°, n2D° 1.42875.

The sodium bicarbonate soluble fraction was acidified to 
Congo Red with 15% hydrochloric acid solution and ex
tracted with ether. The latter was removed by distillation 
and from the residue there was obtained 25.5 g. of dehydro- 
acetic acid; m.p. 110- 111°.

The sodium hydroxide soluble fraction was acidified to 
Congo Red with 15% hydrochloric acid solution and ex
tracted with ether. From this solution there was obtained
25.5 g. of caproic acid; b.p., 107-110°/20 mm., k2d° 1.4169, 
neut, equiv. 116; lit.,9 b.p. 111.8°/20 mm., ?j 2d° 1.4163, neut. 
equiv. 116.

C o l u m b ia , M o .

(6) P. Ceuterick, Bull. soc. chini. Belg., 45, 545 (1936).
(7) M. L. Sherrill, J. Am. Chem. Soc., 52, 1982 (1930).
(8) I. Simon, Bull. soc. chini. Belg., 38, 57 (1929).
(9) M. Hommelen, Bull. soc. chini. Belg., 42, 243 (1933).
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A dimer of 1,3-diphenyl-l,3-butadiene has been isolated from the dehydration of l,3-diphenyl-2-buten-l-ol and 1,3-di- 
phenyl-l-buten-3-ol 1,3-Diphenyl-l,3-butadiene has been isolated as its maleic anhydride adduct. The structure of the dimei- 
has been shown to be l,3,4-triphenyl-4-styrylcyclohexene by oxidation and dehydrogenation. A styryl group migration in th« 
tetrach!oro-o-benzoquinone dehydrogenation of the dimer has been demonstrated.

In the course of another investigation it was 
found that both l,3-diphenyl-2-butcn-l-ol and 1,3- 
diphenyl-l-buten-3-ol on dehydration under a 
variety of conditions gave a hydrocarbon, m.p. 
136-137°. From a study of its properties it was ob
vious that this compound was nor 1,3-diphenyl-
1.3- butadiene,3 although it analyzed correctly for 
C16II14. A molecular weight determination indicated 
that this compound was a dimer of 1,3-diphenyl-
1.3- butadiene, but it was apparently not identical 
with a dimer which Whitby and Gallay4 reported 
as being formed by the reaction of benzalaceto- 
phenone with methylmagnesium iodide. These 
authors reported isolation of a dimer of 1,3-di- 
mer of 1,3-diphenyl-l,3-butadiene, m.p. 167°, in 
70% yield.

Repetition of Whitby and Gallay’s procedure 
gave as the major product an oil which, in accord 
with the results of Kharasch and Sayles,5 consisted 
mainly of 1,3-diphenyl-l-butanone. Crystalline 
products obtained in smaller yields were either
l, 3,5 -triphenyl-4-benzoy 1-1,3-hexadiene, m.p. 
175.5°, or the 1,3-diphenyl l,3-butadiene dimer,
m. p. 136-137°, and a compound of the formula 
C31H28O2, 161.5-163°. This last substance is prob
ably l,3-dibenzoyl-2,4-diphenylpentane on the basis 
of its spectrum, elemental analysis, and stability 
toward acids and oxidizing agents. Such a com
pound could have been formed by a Michael con
densation between benzalacetophenone and 1,3- 
diphenyl-l-butanone. It is to be noted that Khar
asch and Sayles5 report that the product composi
tion of the reaction between benzalacetophenone

( 1) Abstracted from the thesis of Edwin Lewis, submitted 
in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy, June 1958.

(2) While this manuscript was in preparation, the isola
tion and characterization of this dimer was reported by M. 
H. Goodrow and T. L. Jacobs at the 133rd Meeting of the 
American Chemical Society, San Francisco, Calif., April 17,
1958. These authors have come to the same conclusions 
concerning the structure of the dimer as those presented 
here. Their results are described in the acccmpani'ing paper, 
J. Org. Chem., 23, 1653 (1958).

(3) A. V. Dombrovskii, Doklady Akad. Nauk, S.S.S.R., 
111,827(1956).

(4) G. S. Whitbv and W. Gallav, Can. J. Research. 6, 
280 (1932).

(5) M. S. Kharasch and D. C. Sayles, J. Am. Chem. Soc.,
64,2972(1942).

and the methyl Grignard reagent is sensitive to the 
concentration of reagent and particularly to the 
presence of radical sources.

Addition of maleic anhydride to the gummy resi
dues produced 5-10% yields of 3,5-diphenyl-
1,2,3,6-tetrahydrophthalic anhydride, m.p. 158- 
159°, a Diels-Alder adduct of 1,3-diphenyl-l,3- 
butadiene. This adduct is reported by Cope, Wick, 
and Fawcett6 to melt at 142-149°. These authors 
ascribed the melting point range to the presence of 
a mixture of stereoisomers. That ours was indeed 
the same adduct was shown by dehydrogenation to 
the 3,5-diphenylphthalic acid reported by Cope, 
Wick, and Fawcett. Decarboxylation of this acid 
produced meta-terphenyl.

The maleic anhydride adduct could be obtained 
in comparable yields from either l,3-diphenyl-2- 
buten-l-ol or 1,3-dipkenyl-l-buten-3-ol. This prod
uct was formed both with and without a solvent, 
and by addition of the maleic anhydride both be
fore and after dehydration of the two alcohols.

Dehydration of the two diphenylbutenols in the 
absence of maleic anhydride gave products of 
varying homogeneitj'. A typical dimeric product 
(usually formed in about 80% yield) melted at 123- 
140°. The dimer which melted at 136-137° was the 
principal constituent and was the only one which 
could be isolated in pure form. The remainder was 
probably isomeric material. The infrared spectra of 
various fractions were very similar except for varia
tions in the 900 cm.-1 and 970 cm.-1 regions. De
hydration of either alcohol with iodine produced 
mainly a compound which melted at 146-147°. 
This product analyzed correctly for C32H28, but 
differed from the lower melting dimer in the absence 
of a ¿rans-ethylenic band at 970 cm.-1 in its in
frared spectrum. The higher melting dimer was not 
further investigated.

The dimer, m.p. 136-137°, showed two hindered 
non-con j ugated double bonds on the basis of micro
hydrogenation, its ultraviolet spectrum, and various 
qualitative olefin tests. The ultraviolet spectrum in 
95% ethanol showed absorption maxima at 253 
my (log e 4.56) and 294 my (log e 3.19) with a 
minimum at 228 my (log « 4.12), indicative of a 
slightly modified styrene chromophore. The molec-

(6) A. C. Cope, E. L. Wick, and F. S. Fawcett, J. Am. 
Chem. Soc., 76,6156 (1954).
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ular weight was 426 as determined ebullioscopi- 
cally in methyl ethyl ketone. Curiously, the molec
ular weight as determined by the Rast method 
was 215 (average of six determinations). Eiessel- 
mann and Ribka7 have reported an analogous re
sult for the dimer of 2-phen3dacrylophenone. I t is 
curious that the tetrahydro derivative (VIII) also 
showed this same discrepancy. No C-methyl was 
found on Kuhn-Roth oxidation either of the dimer 
or its tetrahydroderivative.

Dehydrogenation with sulfur at 230° gave 1,3,5- 
triphenylbenzene. From oxidation with either 
ozone or potassium permanganate, the only steam- 
volatile product was benzaldehyde. The non
volatile part of these oxidation products consisted 
of a small, but persistent, amount (5%) of 1,2- 
dibenzoylethane and an irresolvable mixture of 
unidentified carbonyl compounds.

Of the four possible Diels-Alder dimers of 1,3- 
diphenyl-1,3-butadiene, structures I and II are 
eliminated by the preceding observations. The 
choice between structures III and IV was incon
clusive. I l l  was preferred for theoretical reasons, as

1,4-diphenyl-l, 3-butadiene with either styrene, 
phenylacetylene, or cinnamic acid. All of these 
failed to give any adduct in agreement with the re
port that trans, fraus-l,4-diphenyl-l,3-butadiene is 
unreactive toward all but the most reactive dieno- 
philes.9

1,2,4-Triphemylbenzene was finally prepared by 
the method of Rose and Statham.10 This com
pound was identical with VII. V is therefore 2,3,5- 
triphenylstilbene produced by the aromatization of 
the cyclohexene ring, and VI is 2,3,5-triphenyl 
benzoic acid. This result requires either the migra
tion of a styryl group in structure III or migra
tion of a phenyl group in structure IV. Attempts 
to prepare VI by the oxidation of what is claimed 
to be 2,3,5-triphenyltoluene11 failed. It was found 
impossible to obtain an oxidation product of this 
compound.

III
or
IV

C8H 6

0— chloranil

C6H;
C6Hs KMn0«;
CH=CH-CaH5 CaH

C6Ha

V VI

discussed below, but this structure required a 
phenyl migration during the sulfur dehydrogena
tion. IV required no migration on dehydrogenation, 
but would require rearrangement to give 1,2- 
dibenzoyl ethane on oxidation. Accordingly, de
hydrogenations of the dimer at temperatures low 
enough to preclude rearrangement were explored.

Dehydrogenation of the 1,3-diphenyl-1,3-buta
diene dimer with selenium dioxide at 75°, or much 
better, tetrachloro-o-benzoquinone at 80° gave a 
compound of formula C32H24 (V), m.p. 178-179°, 
which from its infrared and ultraviolet spectrum 
and lack of reaction with maleic anhydride was a 
triphenylstilbene. This compound was reduced to 
C32H26, m.p. 106-107°, and oxidized to an acid, 
C26H180 2 (VI), m.p. 219-220° (dec.). This acid had 
a neutral equivalent of 355, but was not 2,4,6-tri- 
phenylbenzoic acid, m.p. 247.5-247.0° (dec.),
which was prepared from 2,4,6-triphenylbromo- 
benzene.8 Decarboxylation of the C25H18O2 acid 
gave a hydrocarbon C24H18, (VII), m.p. 99.5- 
100.0°. I t was assumed that this hydrocarbon was
1,2,4-triphenylbenzene, and attempts were made to 
synthesize it by the condensation of trans, trans-

(7) H. Fiesselmann and J. Ribka, Ber., 89, 40 (1956).
(8) E. P. Kohler and L. W. Blanchard, Jr., J. Am. 

Chem. Soc., 57, 367 (1935).

Y

Catalytic reduction of the 1,3-diphenyl-1,3-buta
diene dimer gave a tetrahydroderivative (VIII), m.p. 
119-120°, whose ultraviolet spectrum was typical of 
compounds with isolated benzene rings. In order 
to make a choice between structures III and IV, 
it was decided to investigate the dehydrogenation of 
this substance. There is good evidence for the belief 
that dehydrogenations using quinones are initiated 
by hydride abstraction13 and that blocks to aromati
zation presented by gem-dialkyl groups are over
come by migration processes similar to Wagner- 
Meerwein shifts. Now although the styryl group of 
the dimer might compete successfully with a phenyl 
group in migration from carbon to carbon,14 it was

(9) K. Alder in Newer Methods of Preparative Organic 
Chemistry, Interscience Publishers, Inc., New York, 1948.

(10) J. D. Rose and F. S. Statham, J. Chem. Soc.., 69 
(1950).

(11) C. F. H. Allen and J. Van Allan, J. Org. Chem., 10, 
333 (1945). The resistance of their compound, m.p. 131.5- 
132°, to oxidation is puzzling, and suggests that it is 2,3,6- 
triphenyltoluene in spite of the evidence cited. Moreover, 
Ivanov and co-workers12 have reported that 2,3,5-triphenyl
toluene melts at 94-95°.

(12) D. Ivanov, D. Ivanov, and B. Stoianova-Ivanovna, 
Compt. Rend., 227, 535 (1948).

(13) R. P. Linstead, E. A. Braude, L. M. Jackman, and 
A. N. Beames, Chem. & Ind. {London), 1174 (1954); see also 
J. D. Loudon, Ann. Repts., 194 (1954).

(14) While there is no theoretical reason why a styryl 
group should not migrate, possibly through an intermediate 
analogous z o  the phenonium ion, no such instance could be 
found in the literature.
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expected that the phenyl group of the tetrahydro 
dimer VIII would definitely migrate in preference 
to a saturated aliphatic chain,16 such as the phenyl- 
ethyl group. Also, since Dost16 has shown that 2- 
phenylpropane is dehydrogenated twice as fast as 
ethylbenzene with tetrachloro-p-benzoquinone, it 
was reasonable to expect dehydrogenation of the 
cyclohexane ring with subsequent rearrangement 
before much dehydrogenation of the phenylethyl 
group17 would occur. Steric effects on the course of 
rearrangement should be negligible, since in IX, 
the intermediate just prior to rearrangement, the 
cyclohexadiene ring is very nearly planar and both 
methylene hydrogens are almost sterically equiva
lent.

These considerations suggested that if III were 
the structure of the dimer, dehydrogenation of its 
tetrahydro derivative should give rise to a sub
stance different from 2,3,5-triphenylstilbene (V) or 
its dihydro derivative, and that this dehydrogena
tion product would probably be 2,4,6-triphenylstil- 
bene or l-(2-phenylethyl)-2,4,6-triphenylbenzene. 
Although no homogeneous hydrocarbon product, 
other than starting material, could be isolated from 
the reaction of VIII with tetrachloro-o-benzoqui- 
none in refluxing benzene, xylene, or diethylene gly
col dimethyl ether, a 22% of a hydrocarbon, C32H22 
or C32H21 (XI), was obtained when the dehydro
genation was carried out in naphthalene at 140- 
150°. However, this substance was not oxidized by 
permanganate and could not be reduced catalyti- 
cally. This behavior and the infrared spectrum 
(absence of aliphatic carbon-hydrogen stretching 
and trans-ethylenic bands) argues against the ex
pected structures. This was confirmed by compari
son with authentic samples of 2,4,6-triphenylstil- 
bene and l-(2-phenylethyl)2,4,6-triphenylbenzene 
(vide infra). On the other hand, XI was not identical 
with 2,2'-binaphthyl. To eliminate the possibility 
that it was formed from naphthalene in some other 
fashion, a blank experiment was run in which no 
trace of XI could be detected.

It was therefore suspected that XI was a sub
stance which resulted from the cyclization of l-(2- 
phenylethyl)-2,4,6-triphenylbenzene X III under 
dehydrogenating conditions. In order to synthesize 
this compound the following sequence of reactions 
was carried out. Phenylacetyl chloride was added 
to 2,4,6-triphenylphenylmagnesium bromide8 to 
give l-phenylacetyl-2,4,6-triphenylbenzene XII, 
m.p. 125-126°. Attempts to synthesize this prod
uct by a condensation of triphenylbenzene and 
phenylacetyl chloride failed. Although the reaction 
of triphenylbenzene and benzoyl chloride with 
aluminum chloride is reported to give triphenyl- 
benzophenone in almost quantitative yield,8'18

(15) For an analogous case, see ref. 12.
(16) N. Dost, Rec. trav. chim., 71, 857 (1952).
(17) E. Buchta and W. Kallert, Ann., 573, 220 (1951).
(18) D. Ivanov and C. Ivanov, Ber., 77B, 173 (1944).

phenylacetyl chloride gave a low yield of a C32H24O 
ketone which was quite different from XII, par
ticularly in its carbonyl reactivity. This ketone must 
be a product of the acylation of one of the end rings, 
and as such violates the observation made by Allen 
and Burness19 that meta terphenyl structures are 
invariably substituted on the central ring.

As noted by Kohler and Blanchard8 for triphenyl- 
phenyl ketones, the carbonyl of X II was quite 
hindered. No derivative could be obtained with
2,4-dinitrophenylhydrazine, and the lithium alu
minum hydride reduction in boiling tetrahydrofuran 
gave only a 45% yield of l-(2,4,6-triphenylphenyl)- 
2-phenylethanol, m.p. 139-140°. This alcohol was 
dehydrated smoothly with iodine in toluene to give
2.4.6- triphenylstilbene, m.p. 161.5-162°. Catalytic 
reduction gave a poor yield of l-(2-phenylethyl)-
2.4.6- triphenylbenzene (XIII), m.p. 130.0-130.5°. 
X III was also synthesized from X II by a Clem- 
mensen reduction in about the same over-all yield. 
Dehydrogenation of X III with tetrachloro-o- 
benzoquinone gave in addition to 61% of recovered 
starting material, an 8% yield of XI.

This synthesis of the hydrocarbon XI shows that
l-(2-phenylethyl)-2,4.6-triphenylbenzene (XIII) 
is indeed the initial dehydrogenation product of
VIII. Subsequent carbonium ion formation followed 
by cyclization and another dehydrogenation to 
complete the aromatization would give either
1,3,9-triphenylphenanthrene or l,3-diphenyl-9-ben- 
zylfluorene.20 The latter structure was eliminated 
by synthesis. 1,3-Diphenylfluorenone was reduced 
to 1,3-diphenylfluorene, m.p. 118-119°, which was 
condensed with benzyl alcohol to give 1,3-diphenyl-
9-benzylfluorene (XIV). The latter differed from XI 
not only in melting point, but in infrared and ultra
violet spectrum. The formation of 1,3,9-triphenyl
phenanthrene from VIII and X III may be ration
alized in terms of steric hindrance at the methylene 
carbon closest to the 2,4,6-triphenylmethyl radical 
which prevents hydride ion abstraction there and 
leads exclusively to the formation of ion X.

These results force the acceptance of 1,3,4-tri- 
phenyl-4-styrylcyclohexene (III) as the structure of 
the dimer of 1,3-diphenyl-l,3-butadiene. Therefore, 
in the Diels-Alder reaction the two molecules of
1,3-diphenyl-l,3-butadiene orient themselves in a 
manner which would be expected from that shown 
by the dimerization of 1- and 2-phenylbuta- 
diene.21’22 This orientation also follows the rule 
that in the Diels-Alder reaction that terminal car-

(19) C. F. H. Allen and D. M. Burness, J. Org. Ghem., 
14,175(1949).

(20) Although these two products differ by two hydrogen 
atoms, a definite choice between formulae C32H >2 and C32H24 
could not be made on the basis of the elemental analysis. 
The absence of aliphatic carbon-hydrogen stretching in the 
infrared favored the phenanthrene structure over the 
fluorene.

(21) K. Alder, J. Havdn, and W. Vogt, Ber., 86, 1302
(1953).

(22) K. Alder and J. Haydn, Ann., 570, 203 (1950).
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bon atom of the diene whose adjacent carbon atom 
can best stabilize a positive charge becomes at
tached to that carbon atom of the dienophile whose 
adjacent carbon atom can best stabilize a negative 
charge.23

Moreover it has been demonstrated that sulfur 
dehydrogenation of the dimer results primarily, if 
not exclusively, in phenyl migration and that o- 
chloranil dehydrogenation results in migration of a 
styryl group. The mechanism of the phenyl migra
tion is not clear since the synthesis of 1,2,4-tri- 
phenylbenzene from 3,4-diphenyl-4-hydroxy-‘2-cy- 
clopentenone and styrene is carried out under essen
tially the same conditions.

C6H5 0—chloranil

CeH,
j ^ / rC H 2CH2C6H5

VIII
CeH.

CeH6

.X ^JcH aC H jC eH .

IX

E X P E R IM E N T A L 24 25’ 26

l,3-Diphenyl-3-buten-l-ol. To a solution of 10.0 g. 
(0.045 mole), of dypnone,26 w2D3 1.6309, in 100 ml. of 
methanol was added 1.5 g. (0.034 mole) of solid sodium boro-

(23) J. S. Meek, R. T. Merrow, and S. J. Cristol, J. Am. 
Chem. Soc., 74, 2667 (1952).

(24) Analyses were performed by Drs. Weiler and Strauss, 
Oxford, England. Molecular weights were determined by 
Clark Microanalytical Laboratory, Urbana, 111. Ultraviolet 
and infrared spectra were determined by Miss M. A. 
Esquivel on Beckman Model DK and Perkin-Elmer model 
21 spectrometers.

(25) Melting points are uncorrected. Ultraviolet spectra 
were determined in 95% ethanol solution. The infrared 
spectra were determined at known concentrations (3-5% 
solutions) in either chloroform or carbon tetrachloride, un
less otherwise specified. The petroleum ether and ligroin 
referred to are commercial petroleum solvents of boiling 
range 30-60° and 65-110°, respectively.

(26) We wish to thank the Union Carbide Chemicals Co.
for a generous supply of dypnone.

hydride as rapidly as the frothing allowed. The methanol 
boiled briefly and then slowly cooled. A smaller amount of 
sodium borohydride, stirring, or cooling during addition with 
subsequent reflux invariably resulted in very little reduc
tion. After standing for 2 hr. the methanolic solution was 
extracted with ether. The ether layer was dried and con
centrated at reduced pressure to give a clear green-tinted 
sirup, « "  1.6003 (lit.27 n2D5 1.5989). The infrared spectrum 
showed a sharp band at 3655 c m r1 (e = 24). Reduction by 
normal addition of a 200% excess of lithium aluminum hy
dride in refluxing ether gave an identical product. Because 
of extensive decomposition on distillation at 1 mm. the 
alcohol was used without further purification.

1,3-Diphenyl-l-buten-S-ol. This alcohol was prepared by 
the method of Cope, Wick, and Fawcett6 in 25% isolable 
yield without distillation (the actual yield was 90% by infra
red analysis), clumps of small needles from hexane, m.p. 
57.5°-59.0° (lit.6 57.2-58.0°).

Dimer of 1,3-diphenyl-1,3-butadiene. To a solution of 74.0 
g. (0.33 mole) of l,3-diphenyl-2-buten-l-ol in 50 ml. ben
zene was added a single crystal of p-toluenesulfonic acid. 
Refluxing this solution for 24 hr. under a water trap pro
duced 5.2 ml. (0.29 mole) of -water. Concentration of the 
benzene solution at reduced pressure gave a yellow sirup. 
This residue was dissolved in ligroin and chromatographed 
through an alumina column. Elution with benzene-petroleum 
ether (1:3) produced a white solid which was separated by 
recrystallization from ligroin-benzene into 39.0 g. (58%), of 
a white solid, m.p. 132-134°, and 16.3 g. (24%) of a mixture 
of white solids m.p. 123-140°. The chloroform eluate pro
duced 12.7 g. (18%) of a yellow oil which was mainly start
ing material from its infrared spectrum. Several further re- 
crystallizations of fraction I gave large transparent prisms, 
m.p. 136-137°. Under these same conditions 1,3-diphenyl- 
l-buten-3-ol gave a 48% yield of material, m.p. 133-136°. 
The infrared spectrum showed strong absorption bands at 
3058 (C—H), 3030 (C—H), 2933 (C—H), 1602 (benzene), 
1500 (benzene), 1453 (benzene), 1037 (benzene), and 975 
(;trans double bond) cm y1 The ultraviolet spectrum showed 
a broad absorption curve with Ami„ 228 mu (log c4.12), Xma* 
253 m/i (log « 4.56), and a sharp peak at 294 m,u (log e 3.19). 
The molecular weight (ealed. 406) was 426, determined 
ebullioscopieally in methyl ethyl ketone; 215 (average of 
six determinations), determined by the Rast method.

Anal. Calcd. for C32H28: C, 93.16; H, 6.84. Found; C, 
93.02; H, 7.09.

The absorption of bromine from chloroform was slow, and 
the decolorization of permanganate in acetone was negligible. 
The addition of tetranitromethane gave a bright yellow 
color. The dimer was only partially soluble in cold, concen
trated sulfuric acid. Kuhn-Roth oxidation showed the ab
sence of C—methyl groups. Microhydrogenation showed 
the presence of two double bonds. The dimer was 
stable to refluxing alcoholic solutions of hydrochloric acid 
and sodium hydroxide and formed no adduct with maleic 
anhydride. Slightly over two moles of bromine were ab
sorbed from a chloroform solution with copious evolution 
of hydrogen bromide. The product was a mixture of bro
mine-containing compounds.

Dehydration of either l,3-diphenvl-2-buten-l-ol or 1,3- 
diphenyl-3-buten-l-ol with iodine in benzene gave a small 
amount of white solid, m.p. 146-147°. The infrared spec
trum showed strong bands at 3063 (C—H), 3034 (C—H), 
2911 (C—H), 1603 (benzene), 1500 (benzene), 1462 (ben
zene), 1038 (benzene), and 906 (unassigned) c m r1 The 
ultraviolet spectrum showed Amax 245 my. (log e 4.39) and 
Amin 227 mji (log «4.16).

Anal. Calcd. for C32H28: C, 93.16; H, 6.84. Found: C, 
93.15; H, 6.93.

Reaction of benzalacetophenone with méthylmagnésium 
iodide. The procedure of Whitby and Gallay4 was followed.

(27) H. H. Wasserman and N. E. Aubrey, J. Am. Chem. 
Soc., 77, 590 (1955).
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One run resulted in a 12% yield of l,3,5-triphenyl-4- 
benzoyl-l,.3-hexadiene, m.p. 175.5-177.0°. (lit.5 170°).

Other runs in which the Grignard reagent was allowed a 
longer time to form gave 4-17%, of a white solid m.p. 161.5- 
163°, a small amount of 1,3-diphenyl-l,3-butadiene dimer, 
m.p. 136-137°, and considerable amounts of 1,3-diphenyl- 
1-butanone. The addition of maleie anhydride to the gummy 
residues gave 5-10% of the 3,5-diphenyl-l,2,3,6-tetrahydro- 
phthalic anhydride described below. The substance melting 
at 161.5-163° showed two strong bands at 1666 and 1679 
cm.-1 (Nujol). The ultraviolet spectrum showed X„m* 243 
m/i (log e 4.36) and 280 m,u (log e 3.32). It is assumed to be
l,3-dibenzoyl-4-phenylpentane which could have been 
formed by a Michael condensation between benzalaceto- 
phenone and 1,3-diphenyl-l-butanone.

Anal. Calcd. for C3iH2S0 2: C, 86.08; H, 6.53. Found: C. 
86.17; H, 6.63.

3.5- Diphenyl-l ,2,3,6-tetrahydrophlhalic anhydride. A solu
tion of 4.0 g. (0.018 mole) of l,3-diphenyl-2-buten-l-ol and
1.8 g. (0.018 mole) of freshly sublimed maleic anhydride 
dissolved in 100 ml. xylene was refluxed under a water trap. 
On concentration of the xylene solution at reduced pressure
1.9 g. (33%) of a white powder, m.p. 156-157°, separated. 
Recrystallization from benzene-petroleum ether gave 
clumps of woolly needles, m.p. 158-159° (lit.6 142-149°).

Anal. Calcd. for C2oH160 3: C, 78.93; H, 5.30. Found: C, 
78.92; H, 5.51.

3.5- Diphenyl-l ,2,S,6-tetrahydrophthalic acid. An aqueous 
solution of the anhydride was stirred and refluxed for 10 
hr. Filtration gave 1.1 g. (80%t of a white solid, m.p. 
216-224° (dec.). Recrystallization from acetic acid gave 
small needles, m.p. 221-224° (dec.). The neutral equivalent 
was 166 (calcd. 163).

Anal. Calcd. for Co0H18O4: C, 74.52; H, 5.63. Found, C, 
74.47; H, 5.64.

3.5- Diphenylphthalic anhydride and 3,5-diphenylphthalic 
acid. A mixture of 3.4 g. (0.011 mole) of 1,3-diphenyl-l,2,3,6- 
tetrahydrophthalic anhydride and 2.0 g. (0.062 atom) of 
sulfur was heated at 190-210° for 6 hr. The cooled mixture 
was extracted with chloroform, the solvent evaporated, and 
the residue recrystallized from benzene-petroleum ether. 
The yield was 2.26 g. (67%,) of small needles, m.p. 167-172°. 
An analytical sample melted at 173-174.5° (dec.), (lit.6 
176-177°).

Anal. Calcd. for C20H„C>3: C, 79.99; H, 4.03. Found, C, 
79.70; H, 4.02.

By extraction of the chloroform mother liquors with 
aqueous bicarbonate there was isolated 0.55 g. (15%) of
3,5-diphenylphthalic acid, m.p. 196-197°. Reprecipitation 
raised the melting point to 199.0-199.5°. The neutral 
equivalent was 161 (calcd. 159).

Anal. Calcd. for C2oHl40 4: C, 75.46; H, 4.43. Found: 
C, 75.53; H, 4.53.

m-Terphenyl. A mixture of 430 mg. of 3,5-diphenyl
phthalic acid and 1 g. copper-bronze was heated gently with 
a low flame until no more material formed on the side of the 
flask. The yellowish, cotton-like material was scraped from 
the flask and sublimed at 90° (1 mm.). The yield of white 
powder, m.p. 85-86°, was 31 mg. (10%). T ie mixed melting 
point with an authentic sample of w-terphenyl showed no 
depression.

Sulfur dehydrogenation of the dimer. A mixture of 5.0 g. 
(0.012 mole) of dimer and 2.0 g. of sulfur was heated under 
nitrogen at 225-230° for 5 hr. The cooled mixture was dis
solved in 100 ml. of absolute ethanol and refluxed 2 hr. 
over W-2 Raney nickel. Evaporation of the alcohol left a 
brown gum which was dissolved in a small amount of 
chloroform and chromatographed through an alumina 
column. Petroleum ether eluted a green oil from which 
separated 140 mg. (4%) of massive golden tinted needles, 
m.p. 171.5-172.5°. A mixed melting point with an authentic 
sample of 1,3,5-triphenylbenzene, prepared by the method

of Reddeliens,28 showed no depression. The infrared and 
ultraviolet spectra of these two samples were identical.

Ozonolysis of the dimer. A solution of 4.12 g. (0.01 mole) 
of 1,3-diphcnvl-l,3-butadienc dimer dissolved in 150 ml. 
of ethyl acetate was ozonized at —10° until ozone appeared 
in the outlet gases (potassium iodide solution). The reac
tion mixture was quickly removed and added to a spoonful 
of Raney nickel. After stirring overnight, the faintly green 
solution was filtered and concentrated to a viscous oil. The 
oil was dissolved in ligroin (b.p. 60-90°) and a small amount 
of benzene and chromatographed through an alumina 
column. From the benzene-petroleum ether fraction was 
obtained 123 mg. (5%) of 1,2-dibenzoylethane, m.p. and 
mixed m.p. with an authentic sample,29 145-146°. The 
infrared spectra of these two samples were identical. From 
the ether fractions was obtained a brown oil which rapidly 
formed mixtures of carbonyl derivatives with 2,4-dinitro- 
phenvlhydrazine and semicarbazide. Only a small portion 
of this oil was base soluble. The infrared spectrum of the 
oil showed a broad absorption at 3600-3200 cm.-1 (OH), 
and strong bands at 1775 and 1688 cm.-1 (0 = 0 ).

In other experiments the reduced ozonide was steam dis
tilled into either an acidic aqueous-alcoholic solution of
2,4-dinitrophenylhydrazine or a saturated aqueous solution 
of dimedonc. The yields of the benzaldehyde derivatives of 
each were 30-40%. 1,2-Dibenzoylethane was also obtained 
on oxidation of the dimer with potassium permanganate and 
sodium bicarbonate in acetone. The yields were slightly 
lower.

2.3.5- Triphemglstilbene (V). Dehydrogenation of the dimer 
with selenium dioxide. To a well-stirred suspension of 1.11 
g. (0.01 mole) of freshly prepared selenium dioxide in 40 
ml. of dioxane was added 4.12 g. (0.01 mole) of 1,3-di
phenyl-l,3-butadiene dimer. After heating at 75° for 37 
hr., the mixture was filtered and the dioxane removed at 
reduced pressure. The residual yellow gum was dissolved 
in 20% benzene-petroleum ether and chromatographed 
through an alumina column. Elution gave yellow oils which 
showed a carbonyl band (1680 cm.“1) in the infrared spec
trum, but which were inert toward 2,4-dinitrophenylhydra
zine. One of the petroleum ether eluates on standing depos
ited 64 mg. (2%) of 2,3,5-triphenylstilbene, m.p. 175-177°. 
Recrystallization from ethanol-ethyl acetate gave long 
needles, m.p. 178-179°. The infrared spectrum showed a 
strong band at 970 cm.-1 (trans double bond). The ultra
violet spectrum showed a broad absorption from 260-320 
m/2, Xmas ca. 270 my (log e 4.60) and 310 ipu (log e 4.44).

Anal. Calcd. for C3flL>4: C, 94.08; H, 5.92. Found: C, 
94.00; H, 5.84.

2.3.5- Triphenylstilbene (V). Dehydrogenation with tetra- 
chloro-o-benzoquinone. Tetrachloro-o-benzoquinone was pre
pared by the general method of Jackson and MacLaurin.30
c.p. Nitric acid (dec. 1.42) was found most satisfactory for 
oxidation of the tetrachlorocatechol. The garnet powder, 
m.p. 126-128°, was difficult to purify and was used in the 
crude form.

To a solution of 2.0 g. (0.0048 mole) of the dimer in 40 
ml. of benzene was added 3.0 g. (0.012 mole) of tetrachloro- 
o-benzoquinone. The resultant deep red solution was re
fluxed for 8 hr. Upon cooling the benzene solution was washed 
through an alumina column with 300 ml. of petroleum 
ether. Evaporation of the solvent produced 700 mg. (35%) 
of 2,3,5-triphenylstilbene (V), m.p. 173-175°. The remainder 
of this product was an irresolvable mixture of solids, m.p. 
150-170°, whose ultraviolet spectrum was very similar 
to that of 2,3,5-triphenylstilbene.

(28) Described in C. Vorländer, E. Fischer, and FI. Wille, 
Ser., 62, 2836 (1929).

(29) P. S. Bailev and R. E. Lutz, J. Am. Chem. Soc., 70, 
2412(1948).

(30) C. L. Jackson and R. D. MacLaurin, Am. Chem. 
37,11(1907).
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l-(2-Phenylethxyl)-2,3,5-triphenylbcniene. A solution of 
100 mg. (0.00024 mole) of 2,3,5-triphenylstilbene in 50 ml. 
glacial acetic acid was reduced at three atmospheres with 
25 mg. of 10% palladium-on-charcoal, yield 63 mg. .(62%) 
of long needles, m.p. 105.5-106°. An analytical sample 
recrystallized from ethanol-ethyl acetate melted at 106-107°.

Anal. Calcd. for C32H26: C, 93.62; H, 6.38. Found: C, 
93.50; H, 6.52.

Reduction in ethyl acetate resulted only in recovery of 
starting material.

2.3.5- Triphenylbenzoic acid. (VI). To a well-stirred solu
tion of 740 mg. (0.0018 mole) of 2,3,5-triphenylstilbene 
and 100 mg. of sodium bicarbonate dissolved in 100 ml. 
acetone was added 4.0 g. potassium permanganate. After 
stirring at room temperature for 12 hr., methanol was added 
until the purple color was discharged. The solution was 
filtered and the manganese dioxide washed thoroughly 
with 10% sodium hydroxide. Acidification of the combined 
filtrate and washings produced 458 mg. (71%) of a white 
acid, m.p. 217-219°. The hexagonal prisms, m.p. 219-220° 
from acetonitrile, had a neutral equivalent of 355 (calcd. 
350).

Anal. Calcd. for C25Hi80 2: C, 85.69; H, 5.18. Found: C, 
85.30; H, 4.92.

2.4.6- Triphenylbromobenzene. The method of Kohler and 
Blanchard8 gave yields of 79-100% of 2,4,6-triphenylbromo- 
benzene, m.p. 107-108° (lit. 104° ;31 129-130°*). After re
peated recrystallizations with no change in melting point, 
one crop melted at 131-133°. Thereafter recrystallizations 
gave the higher melting form. Both forms were used inter
changeably in subsequent reactions.

2.4.6- Triphenylbenzoic acid. 2,4,6-Triphenylbenzoic acid 
was formed by the carbonation of 2,4,6-triphenyllithium32 in 
low yield. Recrystallization from acetonitjile gave small 
needles, m.p. 248.5-249.5°.

1.2.4- Triphenylbenzene (VII). Decarboxylation of 2,3,5- 
triphenylbenzoic acid (VI). To a solution of 268 mg. (0.0077 
mole) of 2,3,5-triphenylbenzoic acid dissolved in 5 ml. of 
freshly distilled quinoline was added 40 mg. of copper chro
mite catalyst.33 After heating at 213-228° for 2 hr. in a 
vigorous stream of nitrogen, 40 ml. of benzene was added, 
and the mixture was extracted with successive 50-ml. por
tions of 5% HC1, 5% KOH, and water. The benzene layer 
was dried over sodium sulfate and concentrated to 5 ml. 
The residue was dissolved in ligroin and chromatographed 
through an alumina column. Benzene-petroleum ether (1:9) 
eluted 100 mg. (43%) of a hydrocarbon, m.p. 96-98°. 
Recrystallization from ethanol gave clumps of needles, 
m.p. 99.5-100.0°. The ultraviolet spectrum had Xma, 248 
m/x (log e 4.52) and 272 m/x (log e 4.39).

Anal. Calcd. for C2<H18: C, 94.08; H, 5.92. Found: C, 
93.88; H, 6.06.

1.2.4- Triphenylbcnzene (VII). Preparation from S,f-di- 
phenyl-4-hydroxy-2-cyclopentenone. To a mixture of 5.0 g. 
(0.02 mole) of 3,4-diphenyl-4-hvdroxy-2-cyclopentenone34 
and 10.0 g. of freshly fused and pulverized potassium acid 
sulfate was added 5.0 g. (0.049 mole) of phenylacetvlene.35 
This mixture was heated for 7.5 hr. at 180-185°. The po
tassium bisulfate was filtered and washed with benzene. 
The combined filtrate and washings were concentrated on 
a 230-240° bath. After the benzene was removed, the 
heating was continued for 20 min. The resultant black oil 
was dissolved in ligroin and chromatographed through 
an alumina column. Four fractions were obtained from the

(31) C. Engler and H. E. Berthold, Ber., 7, 1123 (1874).
(32) J. W. Morton, Dissertation, Iowa State College, 

1952.
(33) H. Adkins, E. E. Burgovne, and H. J. Schneider, 

J. Am. Chem. Soc., 72, 2626 (1950).
(34) F. R. Japp and J. Knox, J. Chem. Soc., 87, 679

(1905).
(35) J. C. Hessler, Org. Syntheses, Coll. Vol. I, 438

(1932).

petroleum ether eluate. The first fraction consisted of 240 
mg. (4%) of small prisms, m.p. 118-120°; the second frac
tion, 260 mg. (5%) of long needles, m.p. 96-99°; the third 
fraction, 450 mg. (8%) of long needles, m.p. 98-99°; the 
fourth fraction, 180 mg. (3%) of small prisms, m.p. 117-120°. 
The infrared spectra of all four fractions were identical. A 
mixture of fractions I and III gave an opaque melt at 100° 
which slowly resolidified and melted at 119-120°. Recrys
tallization cf the higher melting form from petroleum 
ether gave small jewel-like prisms, m.p. 119.5-120°. A mix
ture of the lower melting form with the 1,2,4-triphenyl- 
benzene (VII) from the dehydrogenation of 2,3,5-triphenyl
benzoic acid (VI) melted at 99.5-100°.

Anal. Calcd. for CmHis: C, 94.08; H, 5.92. Found: C, 
93.34; H, 6.05.

The procedure of Rose and Statham10 produced the same 
mixture in 4% over-all yield. These authors report only a 
single melting point, 109°, for this product.

2,3,5-Triphenyltoluene (?). 2,3,5-Triphenyltoluene, m.p.
131.5-132.5°, was prepared by the method of Allen and Van 
Allan11 in 43% yield. A dimer of 2-methvl-3,4-diphenyl- 
cyclopentadienone, m.p. 219.5-220.5° (with effervescence), 
was isolated from the mother liquors in 10% yield. This 
diketone had carbonyl frequencies at 1690 and 1790 cm. -1 
Allen and Van Allan36 report carbonyl frequencies at 177 
cm. -1 as characteristic for bridged carbonyl compounds.

Anal. Calcd. for C36H28O2: C, 87.77; H, 5.73. Found: C, 
87.12; H, 5.97.

All attempts to oxidize 2,3,5-triphenyltoluene with 
permanganate, dichromate, nitric acid, or chromyl chloride 
resulted either in recovery of starting material or base- 
insoluble tars.

1-(2-Phenylethyl)-l,3,5-triphenylcyclohexane (VIII). A solu
tion of 1.0 g. (0.0024 mole) of the 1,3-diphenyl-l,3-butadiene 
dimer dissolved in 40 ml. of ethyl acetate was hydrogenated 
at three atmospheres -with 200 mg. of 10% palladium-on- 
charcoal for 1 hr. Removal of solvent at reduced pressure 
yielded 1.0 g. of a white solid, m.p. 116-118°. Subsequent 
runs gave yields of 75-85%. Recrystallization from ethanol- 
ethvl acetate produced large prisms, m.p. 119-120°. The 
molecular weight (calcd. 416) was 375, determined ebulli- 
oscopically in methyl ethyl ketone; 266 (average of six 
determinations) determined by Rast method. No C-methyl 
was found on Kuhn-Roth oxidation. The ultraviolet 
spectrum showed absorption maxima at 253 m/x (log e 2.90), 
259 my (log e 2.98), 265 my (log e 2.89), and 268 m u  (log e 
2.80).

Anal. Calcd. for C32H,12: C, 92.26; H, 7.74. Found: C, 
92.26; H, 7.90.

Dehydrogenation of 1- (2-phenylethyl)-l ,3,5-triphenylcyclo- 
hexane (VIII). A mixture of 2.16 g. (0.0052 mole) of l-(2- 
phenylethyl)-l,3,5-triphenylcyclohexane (VIII), 30 g. of 
naphthalene, and 12.5 g. (0.051 mole) of tetrachloro-o- 
benzoquinone -was heated at 140-150° for 24 hr. in a stream 
of dry oxygen-free nitrogen. The brown mixture was dis
solved in 100 ml. of benzene and passed through an alumina 
column. The hydrocarbon fraction was completely removed 
with 300 ml. of benzene. The benzene eluates were reduced 
in volume and steam distilled until the naphthalene was 
completely removed. The solid browm residue was taken up 
in ligroin and chromatographed through an alumina column. 
The benzene-petroleum ether (1:4) eluate yielded 426 mg. 
(22%) of a yellowish solid, m.p. 170-175°. Two recrystal
lizations from benzene-ligroin produced clumps of small 
needles, m.p. 183.5-184° (XI). This compound was not 
oxidized by permanganate in acetone solution after 19 hr. 
I t  v'as also inert to catalytic hydrogenation in either ethyl 
acetate or glacial acetic acid. The infrared spectrum showed 
no band at 970 cm. -1 (trans double bond). The ultraviolet 
spectrum showed 262 mp (log e 4.64) with a shoulder

(36) C. F. H. Allen and J. Van Allan, J. Org. Chem., 20, 
306(1955).
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at ca. 294 mix (log e 4.44). After refluxing with iodine in 
toluene, this compound was recovered unchanged.

Anal. Calcd. for C32H2,: C, 94.54; H, 5.46. Found: C, 
94.11; H, 5.43.

A sample of 2,2'-binaphthyl was prepared in low yield 
by the addition of ferrous chloride to 2-naphthylmagnesium 
iodide. The purified hydrocarbon, m.p. 181.5-182.5°, on 
admixture with the above dehydrogenation product melted 
at 158-167°. Their infrared spectra -were different.

A blank dehydrogenation experiment under the same con
ditions produced, as the only benzene-petroleum ether 
eluable material, 180 mg. of a halogen-containing white 
solid. This substance was devoid of benzene bands in its 
infrared spectrum.

5.5- Diphenyl-4'-phenacetylbiphenyl. To a solution of 7.32 
g. (0.055 mole) of anhydrous aluminum chloride dissolved 
in 30 ml. of dry carbon disulfide was added dropwise with 
stirring a solution of 15.3 g. (0.05 mole) of 1,3,5-triphenyl- 
benzene and 7.80 g. (0.05 mole) of phenylacetvl chloride 
in 100 ml. of dry carbon disulfide. The resulting greenish 
black solution was stirred at room temperature for 8 hr. 
The reaction mixture was decomposed by the addition of 
150 ml. of cold 4iV hydrochloric acid. The carbon disulfide 
layer was separated, and the aqueous layer was extracted 
with three 150-ml. portions of benzene. The combined or
ganic layers were extracted with three 150-ml. portions of 
sodium bisulfite solution and washed with water. The dried 
solution was concentrated at reduced pressure and the resid
ual yellow gum was dissolved in ligroin and chromato
graphed through an alumina column. From the benzene- 
petroleum ether (1:9) eluate there was recovered 7.0 g. 
(46% recovery) of 1,3,5-triphenylbenzene. From the ben
zene-petroleum ether (1:4) eluate there was obtained 1.28 
g. (6%) of a yellowish solid, m.p. 146-149°. Recrystallization 
from benzene-ligroin gave slightly yellow feathery crystals, 
m.p. 148.5-149.0°. The infrared spectrum showed a strong 
band at 1680 cm.-1 A slow reaction with 2,4-dinitrophenyl- 
hydrazine reagent produced orange needles, m.p. 208.5- 
209.0°, from ethanol-ethyl acetate.

Anal. Calcd. for C38H28N4O4: C, 75.48; H, 4.67; N, 9.27. 
Found: C, 74.74; H, 4.83; N, 9.45.

8.6- Diphenyl-4'-{2-phenyl*-l-hydroxyethyl)biphenyl. Reduc
tion of 1.21 g. of the preceding ketone with lithium aluminum 
hydride in ether solution furnished an oil ■which was chromat
ographed over alumina. The benzene eluate, wt. 0.82 g., 
crystallized on trituration with petroleum ether. Slow evap
oration of an ethanol solution furnished white crystals, 
m.p. 130-131.5°.

Anal. Calcd. for C32H26O: C, 90.10; H, 6.14. Found: C, 
89.57; H, 6.44.

3,4-Diphenyl-4'-styrylbiphenyl. A mixture of 0.159 g. of 
the preceding alcohol, 30 ml. of toluene, and a crystal of 
iodine was refluxed for 12 hr., cooled, and treated -with 
sodium thiosulfate solution. The toluene layer was dried and 
concentrated to small volume. The solid, wt. 0.114 g., was 
recrystallized from ligroin, m.p. 185.5-186°, mixed m.p. 
with XI 163-175°. The infrared spectrum had the typical 
¿rares-ethylenic band at 970 cm. ~1

Anal. Calcd. for C32H24: C, 94.08; H, 5.92. Found: C, 
93.92; H, 5.80.

l-Phenylacelyl-8,4,6-triphenylbenzene (XII). 2,4,6-Tri- 
phenylphenylmagnesium bromide was prepared from 1.0 
g. of magnesium (0.041 g.-atom) and 15.0 g. (0.039 mole) 
of 2,4,6-triphenylbromobenzene by the method of Kohler 
and Blanchard.8 To the refluxing Grignard solution was 
added dropwise 6.0 g. (0.039 mole) of phenylacetvl chloride 
dissolved in 50 ml. of dry benzene. After the addition was 
complete, stirring was continued for 12 hr. at room temper
ature. The reaction mixture was poured onto a solution of 
30 ml. of hydrochloric acid in 200 ml. of ice water and the 
layers separated. The organic layer was washed with two 
100-ml. portions of 10% sodium hydroxide, water, and sat
urated calcium chloride solution. The solution was dried and 
concentrated. The residue was dissolved in ligroin and

chromatographed through an alumina column. Petroleum 
ether eluted 2.7 g. (18%) of triphenylbenzene. From the 
benzene-petroleum ether (3:7) eluate was isolated 8.6 g. 
(52%) of a white solid, m.p. 121-124°. Recrystallization 
from benzene-ligroin produced small plates, m.p. 125-126°. 
The infrared spectrum showed a carbonyl band at 1702 
cm.“1 (e 180) but the substance was inert toward 2,4-dinitro- 
phenylhydrazine. The ultraviolet spectrum showTed Amax 
245 m y  (log e 4.64) with a shoulder at ca. 310 m y  (log e 3.54).

Anal. Calcd. for C32H24O: C, 90.53; H, 5.70. Found: C, 
91.26; H, 5.72.

l-(8,4,6-Triphenylphenyl)-2-phenylethanol. A solution of
4.0 g. (0.0094 mole) of l-phenylacetyl-2,4,6-triphenylben- 
zene (XII) and 0.18 g. (0.0047 mole) of lithium aluminum 
hydride dissolved in 100 ml. of anhydrous tetrahydrofuran 
was stirred and refluxed under a stream of dry, oxygen- 
free nitrogen for 5 hr. Water was added to the reaction mix
ture, and the organic layer was decanted. The yellow gum 
obtained on concentration was dissolved in ligroin and 
chromatographed through an alumina column. The benzene- 
ligroin eluate yielded 1.7 g. (43% recovery) of starting 
material. Evaporation of the ether eluate produced 1.8 g. 
(45%) of a white solid, m.p. 137-140°. Recrystallization 
from ligroin gave small star-shaped crystals, m.p. 139- 
140°.

Anal. Calcd. for C32H26O: C, 90.10; H, 6.14. Found: C, 
89.76; H, 5.96.

2,4,6-Triphenylstilbene. A single crystal of iodine was 
added to a solution of 1.62 g. (0.0038 mole) of l-(2,4,6- 
triphenylphenyl)-2-phenylethanol dissolved in 35 ml. of 
toluene. After refluxing for 21 hr., the solution w-as poured 
onto aqueous sodium bisulfite until the iodine color disap
peared. The toluene layer was separated, dried, and concen
trated. From tjie residue separated 1.35 g. (87%) of a white 
solid, m.p. 158-161°. Recrystallization from ligroin yielded 
fluffy needles, m.p. 161.5-162.0°. The infrared spectrum 
showed a strong band at 973 cm.“1 (trans double bond) and 
the ultraviolet spectrum showed Amax 253 mfi (log e 4.23) 
and X„,ax 314 m y  (log e 4.54).

Anal. Calcd. for C32H24: C, 94.08; H, 5.92. Found: C, 
93.85; H, 5.91.

l-{2-Phenylethyl)-2,4,6-triphenylbenzene (XIII). A solu
tion of 1.35 g. (0.0033 mole) of 2,4,6-triphenylstilbene and 
0.2 g. of platinum oxide dissolved in 100 ml. of glacial acetic 
acid and 50 ml. of ethyl acetate was hydrogenated at four 
atmospheres for 3 hr. The filtered solution was concentrated 
to give 0.41 g. (30%) of a white solid, m.p. 123-127°. Re
crystallization from petroleum ether yielded long needles, 
m.p. 130.0-130.5°. The same product was obtained by the 
reduction of l-phenylacetyl-2,4,6-triphenylbenzene (XII) 
with zinc-amalgam,36 hydrochloric acid, and toluene. The 
yield after refluxing for 130 hr. was 15%.

Anal. Calcd. for C32H26: C, 93.62; H, 6.38. Found: C, 
93.42; H, 6.40.

Cyclization of l-{3-phenylethyl)-3,4,6-triphenylbenzene 
(XIII). A mixture of 400 mg. (0.0016 mole) of tetrachloro-o- 
benzoquinone, 590 mg. (0.0015 mole) of l-(2-phenylethyl)-
2,4,6-triphenylbenzene, and 10 g. of naphthalene was heated 
at 145° for 24 hr. The solid mass was steam-distilled until 
the naphthalene was completely removed. The browm residue 
was dissolved in ligroin and chromatographed through an 
alumina column. From the ligroin eluate was recovered 
360 mg. (61%) of l-(2-phenylethyl)-2,4,6-triphenylbenzene 
(XIII). Evaporation of the benzene-petroleum ether 
(1:9) eluate produced 45 mg. (8%) of a white solid, m.p.
179.5-182°. A mixed melting point with XI showed no de
pression. The infrared spectra of these two samples w'ere 
identical. A repetition of this reaction with slightly over two 
equivalents of tetrachloro-o-benzoquinone led to a 41% re
covery of l-(2-phenylethyl)-2,4,6-triphenylbenzene (XIII), 
and a 6% yield of XI. The discrepancy between these yields

(36) E. L. Martin in Org. Reactions, I, 163 (1942).
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and the initial yield of XI may be due to slight steam vola
tility of 2,4,9-triphenylphenanthrene.

1,3-Diphenylfluorene. Reduction of 2.5 g. of 1,3-diphenvl- 
fluorenone8 by the Huang-Minlon modification of the 
Wolff-Kishner reaction gave an oil which recrystallized on 
trituration with petroleum ether. Recrystallization from 
ligroin and petroleum ether yielded 1.7 g. of colorless needles, 
m.p. 118-119°. The infrared spectrum had a band at 2900 
cm.-1 (—CH2—) and no carbonyl absorption, in contrast 
with 1,3-diphenvlfluorenone which exhibited a C==O band 
at 1708 cm.-1 (cyclopentenenone) and had no —CH2— 
band.

Anal. Calcd. for C, 94.30; H, 5.70. Found: C,
94.23; H, 5.83.

9-Benzyl-l ,3-diphenylfluorene (XIV). Benzvlation of 0.95 
g. of l,3-diphen3dfluorene by the method of Sprinzak38 fur

nished 0.9 g. of a product which was recrystallized from 
petroleum ether, m.p. 115-118°, mixed m.p., with 1,3- 
diphenylfluorene, 95-108°. The infrared spectrum differed 
considerable from the spectrum of 1,3-diphenvlfluorene.

Anal Calcd. for C32H24: C, 94.08; H, 5.92". Found: C. 
94.33; H, 5.74.

Acknowledgm ent. This work was supported in 
part by grants from the Research Corp. and the 
National Science Foundation, for which we ex
press our thanks. We are indebted to Dr. H. M. 
Walborsky for stimulating discussions.

T allahassee, F la.

(38) Y. Sprinzak, J. Am. Chem. Soc., 78, 466 (1956).

[Contribution from the Department of Chemistry, University of California, Los Angeles]

1 , 3 - D i p h e n y I - l , 3 - b u t a d i e n e  D i m e r s 1

THOMAS L. JACOBS and MARVIN H. GOODROW2 

Received June 12, 1958

Attempts to prepare 1,3-diphenyl-l,3-butadiene by dehydration of ¿rares-2,4-diphenyl-3-buten-2-ol gave two solid dimers. 
Dimer I, the main product, was shown to be 4-irans-styryl-l,3,4-triphenylcyclohexcne. Dimer II may be a stereoisomer. 
Dimer I was also obtained from 2,4-diphenyl-3-buten-l-ol.

In connection with work on the polymerization 
of pbenylacetylene which might be expected to give, 
at least as an intermediate, a conjugated polyene 
with phenyl groups on alternate carbons, it was of 
interest to study conjugated polyenes possessing 
such a structure. The simplest such compound is
1,3-diphenyl-l,3-butadiene, which was unreported 
in the literature when our work began. It has since 
been prepared by the reaction of 2-phenyl-l,3- 
butadiene with benzenediazonium chloride.3

Whitby and Gallay4 * reported that the addition of 
benzalactophenone to méthylmagnésium iodide at 
— 10° gave a 70% yield of a compound, m.p. 167°, 
which had the composition and molecular weight of 
a dimer of 1,3-diphenylbutadiene; this compound 
possessed two double bonds on the basis of bromine 
addition. The 1,4-addition product, 1,3-diphenyl-l- 
butanone, was also isolated in 21% yield. Exact 
experimental details were not given.

In our hands the addition of benzalacetophenone
(1) This report is taken from a dissertation submitted by 

Marvin H. Goodrow to the graduate school of the University 
of California, Los Angeles, in partial fulfillment of the re
quirements for the Ph.D. degree, August 1956. The material 
was presented at the San Francisco meeting of t he American 
Chemical Society, April 1958 (Abstracts of that meeting, 
p. 78-N). At that meeting Dr. Werner Herz informed us 
that he and E. Lewis had also investigated this problem; his 
results will be found in this issue, J. Org. Chem., 23, 1646
(1958).

(2) Present address, Department of Chemistry, Univer
sity of Michigan.

(3) A. V. Dombrovskii, Doklady Akad. Nauk S.S.S.R., 
111, 827 (1956); Chem. Ahstr., 51, 9507 (1957).

(4) G. S. Whitby and W. Gallay, Can. J. Research, 6, 280
(1932).

to méthylmagnésium iodide under nitrogen using 
conditions of temperature, etc., as nearly like those 
of Whitby and Gallay as their directions permitted 
gave a 60% yield of the 1,4-addition product and 
27% of 4-benzoyl-l,3,5-triphenyl-l,3-hexadiene; 
none of the dimeric material could be isolated. 
These products are the same as were obtained from 
benzalacetophenone and méthylmagnésium bro
mide.6

Reaction of benzalacetone with phenyllithium es
sentially as described by Cope and co-workers6 
gave irans-2,4-diphenyl-3-buten-2-ol. Dehydration 
of this carbinol under a variety of conditions gave a 
yellow gum from which were obtained by chroma
tography and recrystallization two solid dimers and
2-5% of yellow oily polymeric material. The op
timum yield of a solid mixture of the dimers was 
95-98%; dimer I, m.p. 137-138°, a crystalline 
white solid, was readily isolated in 40-50% yield, 
but dimer II, m.p. 125-126°, an amorphous white 
solid, was more difficult to purify and may not have 
been obtained completely pure. A mixture of the 
two dimers melted over the range 124-135° and the 
ultraviolet spectra differed only slightly in the 
intensity of the absorption at the principal band 
(Xmax 254 niyii, dimer I, e 35200; dimer II, e 36000). 
The infrared spectra of the dimers were identical 
except for the presence of two additional weak 
bands at 888 and 1000 cm."1 in the spectrum of di-

(5) M. S. Khurasch and D. C. Savles, J. Am. Chem. Soc., 
6 4 , 2 9 7 2 ( 1 9 4 2 ) .

(6) A. C. Cope, E. L. Wick, and F. S. Fawcett, J. Am. 
Chem. Soc., 76, 6156 ( 1954).



1654 JACOBS AND GOODROW VOL. 23

mer II. The best evidence that these dimers are 
different arises from chromatography experiments: 
Dimer II is more tightly held on alumina, and dur
ing elution an intermediate, low melting mixture 
comes off between the dimers. It is possible that 
these two dimers are stereoisomers.

Preliminary attempts were also made to syn
thesize 1,3-diphenvl-l,3-butadiene from 2,4-di- 
phenyl-3-buten-l-oh7 The carbinol was prepared 
by reduction of methyl 2,4-diphenyl-3-butenoate 
with lithium aluminum hydride, but the product 
was a mixture containing approximately 18% of 
unchanged ester. Attempts to purify the alcohol by 
saponification of the ester were not successful, but 
some of the alcohol was apparently dehydrated in 
the process since a low yield of dimer I was isolated 
from the reaction mixture. The 3,5-dinitrobenzoate 
of 2,4-diphenvl-3-buten-l-ol was prepared, but at
tempts to pyrolyze the very small amounts of this 
derivative that were available yielced neither the 
diene nor its dimer.

trans-1 ,3-Diphenyl-1,3-butadiene would be ex
pected to dimerize by a Diels-Alder reaction to give 
one of structures I-IY. By analogy with the be-

C6H6

c6h ;

CeHs
CH = CHC6H6

CeH5

J  V c 6H5
c 6h 5 v  c h = c h c 0h 5

II

III CTÍ5 IV

havior of other 1,3-disubstituted butadienes,8’9 
of 1-phenyl-1,3-butadiene10 and of 2-phenyl-l ,3- 
butadiene,11 I would be the most probable structure.

Dimer I, although somewhat resistant to hydro
genation, gave a tetrahydro derivative with the 
ultraviolet and infrared spectra expected for a 
tetrahydro derivative of I-IY. Partial hydrogena
tion with absorption of one mole of hydrogen or re
duction with hydroiodic acid gave impure dihydro 
derivatives that could not be purified successfully. 
An attempt to rearrange the double bonds in dimer 
I by refluxing for 16 hr. in •— 0̂.971/ sodium ethoxide 
in ethanol was unsuccessful. The dimer absorbed 
bromine in carbon tetrachloride very slowly. A 
Ivuhn-Roth determination showed that C— methyl 
groups were absent.

The infrared spectrum of dimer I is that ex
pected for structure I and makes structures III and 
IV unlikely. The absence of a band in the 1420- 
1410 cm.“ 1 region, characteristic of in-the-plane 
deformation of the CIT of RR'C = CIi212 is a 
significant feature. Although there is a weak band at 
905 cm.“ 1 not far from the position expected for 
the out-of-plane deformation band of the CH2 
group of RiR2C = CIT (892-887 cm.“ 1), such a 
band should lie strong if the group = CIT were 
present. A weak band at 1635 cm.“ 1 and a medium 
band at 1595-1600 cm.“ 1 might be expected for 
phenyl conjugated double bonds. Very strong bands 
at 690 and 735 cm.-1 as well as four evenly spaced 
bands in the 2000-1700 cm.“ 1 region suggest the 
presence of only mono-substituted phenyl groups.13 
A strong band at 968 cm.“ 1 indicates that one of 
the two double bonds is trans. The ultraviolet 
spectrum of dimer I shows typical ^-substituted 
styrene absorption with the principal maximum at 
254 mfi (log « 4.546) and a small but sharp side 
peak at 294 m/j (log e 3.250). The principal band 
has several small inflections and one small side 
peak at 271 nyu (log e 4.342). The position of the 
principal maximum and the high extinction coeffi
cient indicate that both double bonds are present 
as styryl functions, and a comparison with the 
spectrum of /rcms-l,3-diphemd-l-butene,14 which 
displays maxima at 294 (log e 3.100), 286 (log e 
3.240), and 253 m/i (log e 4.250), suggests that the 
dimer contains two 1,3-diphenvl-l -butene systems. 
The ultraviolet absorption is evidence against 
structures III and IV because the «-substituted 
styryl chromophore absorbs in the 242-244 m/i re
gion and has extinction coefficients lower than 
10,000.15’16

The evidence discussed above makes structures 
III and IV improbable, but does not permit a choice 
between structures I and II. Dimer I is somewhat 
resistant to oxidative degradation except under 
conditions so vigorous that benzoic acid is the prin
cipal product. Ozonization followed by either reduc
tive or oxidative decomposition of the ozonide gave 
up to 5% yields of 1,2-dibenzoylethane in addition 
to benzoic acid, polymeric material, and small 
amounts of carbonyl compounds which were never 
isolated as pure compounds in sufficient amounts for 
structural determination. Structure II cannot give
1,2-dibenzoylethane without an unlikely rearrange
ment; structure I is therefore believed to be correct 
for dimer I, although the results of dehydrogenation 
studies described below tend to confuse the matter.

(7) These experiments were carried out by E. Staggs, 
An Attempted Synthesis of 1,3-Diphenyl-1,3-butadiene, M.S. 
thesis, University of California, Los Angeles, June 1955.

(8) K. Alder and W. Vogt, Ann., 564, 120 (1949).
(9) .1. S. Meek and J. W. Ragsdale, J. Am. Chcm. Snr., 

70,2502(1948).
(10) K. Alder, J. Havdn, and W. Vogt, Chem. Her., 86, 

1302(1953).
(11) K. Alder and J. Haydn, Ann., 570, 201 (1950).

(12) L. J. Bellamy, The Infrared Spectra of Complex Mole
cules, John Wiley and Sons, Inc., New York, 1954.

(13) C. W. Young, R. B. Du Vail, and N. Wright, Anal. 
Chem., 23, 709 (1951).

(14) M. Grimiez, Ann. chim (11], 10, 378 (1938).
(15) American Petroleum Institute Research Project 

Xo. 44, Ultraviolet Spectral Data, Carnegie Institute of 
Technology, June 30, 1952. No. 119.

(16j Y. Hirsch!»erg, J. Am. Chem. Soc., 71, 3241 (1949).
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Sulfur dehydrogenation of dimer I gave a mix
ture which was difficult to separate. Pure 1,3,5- 
triphenylbenzene and a sulfur-containing com
pound, CisHhS, whose structure was not deter
mined, were isolated by chromatography. Dely'dro- 
genation over a palladium-on-carbon catalyst at 
300° gave ethylbenzene, 1,3,5-triphenylbenzene, 
and small amounts of 1,2,4-triphenylbenzene. It 
was difficult to separate the unsymmetrical deriv
ative from the symmetrical, and the former was 
not isolated in a completely pure state, but melted 
at 96-99.5°. Pure 1,2,4-triphenylbenzene, prepared 
for comparison,17 melted at 101.5-102°. A mixture 
melted between these values. The ultraviolet and 
infrared spectra indicated that the compound from 
the dehydrogenation was mainly wis-triphenyl- 
benzene contaminated with small amounts of the 
sym . isomer. An attempt to isomerize the uns. to 
the sym . compound under the conditions of the 
dehydrogenation was unsuccessful. Dehydrogena
tion of dimer I with chloranil was not attempted at 
first because when this dehydrogenation was ap
plied to dimer II, only very low yields of crystal
line products were obtained. After learning that 
Herz and Lewis had obtained 2,3,5-triphenylstil- 
bene from dimer I by dehydrogenation with tetra- 
chloro-o-benzoquinone, we dehydrogenated dimer 
I with chloranil and isolated 34% of 2,3,5-tri- 
phenylstilbene, m.p. 176-179°.

Dimer II was not investigated in any detail. Its 
spectra are very similar to those of dimer I, 
and catalytic dehydrogenation gave ethylbenzene 
and 1,3,5-triphenylbenzene. Hydrogenation with 
Adams’ catalyst gave mixtures of dihydro com
pounds as with dimer I; the more active catalyst 
which gave the tetrahydro derivative with dimer I 
was not tried with dimer II.

Dehydrogenation with chloranil gave mixtures 
from which very low yields of two crystalline prod
ucts were isolated. The first of these, m.p. 81-82°, 
had approximately the composition and molecular 
weight of C32H2 6; the second, m.p. 179-179.5° also 
gave an unsatisfactory analysis which corresponded 
to C32H26. In the light of the results obtained by 
Herz and Lewis, this second material was probably
2,3,5-triphenylstilbene.

On the basis of the above evidence it is concluded 
that dimer I is 4-frans-/3-styryl-l,3,4-triphenyl- 
cyclohexene, I. Dimer II may be a stereoisomer. 
The rearrangement that occurs during the dehydro
genation is interesting and has been discussed in 
greater detail by Herz and Lewis1 and in the thesis 
of Marvin H. Goodrow.1

E X P E R IM E N T A L 18

The reaction of benzalacetophenone with melhijlmagnesium 
iodide. To 3.9 g. (0.16 g.-atom) of magnesium turnings in a 
200-ml. flask was added dropwise under nitrogen with stir- * 11

(17) F. It. Japp and N. H. J. Miller, J. Chem. Soc., 47,
11 (1885).

ring 6.9 ml. (0.17 mole) of methyl iodide in 75 ml. of anhy
drous ether so that the mixture refluxed gently. After the 
addition, the mixture was refluxed for 30 min., cooled, and
15.3 g. (0.C74 mole) of benzalacetophenone in 100 ml. of 
anhydrous ether was added dropwise with vigorous stirring. 
The reaction mixture was kept at —12° to —7° throughout 
the addition, then allowed to warm to room temperature 
and decanted into 100 ml. of a solution containing 10% sul
furic acid and 50 g. of ice. The ethereal solution was sepa
rated, washed with 5% sodium hydroxide, 5% sodium bisul
fite, and water, dried over anhydrous magnesium sulfate, 
filtered, and concentrated under reduced pressure to give a 
light yellow gum. This gum was dissolved in 300 ml. of 
ether and the solution cooled to —80° to yield 9.0 g. (60%) 
of light yellow 1,3-diphenyl-l-butanone. Long white crys
tals, m.p. 72-73° were obtained after several recn-stalliza- 
tions from ethanol (reported6 m.p. 72°). These were sub
limed at 60-70° and 1 to 2 mm. before analysis.

Anal. Calcd. for Ci6Hi60 : C, 85.67; H, 7.19. Found: C, 
85.48; H, 7.14.

Infrared spectrum (10% solutions in carbon tetrachloride 
and carbon disulfide): strong bands at 3065, 3030, 2960, 
1691, 1600, 1587, 1500, 1457, 1272, 1217, 1203, 1180, 1101, 
990, 749, 695, and 686 cm.-1 Ultraviolet spectrum (in 
ethanol): Xmnx 276-278 (log e 3.00), 243 mu (log e 4.123).

The ethereal filtrate was concentrated to half volume and 
allowed to stand for several days. A powder separated and 
was recrystallized from ethanol to give 4.4 g. (27%) of 4- 
benzoyl-l,3,5-triphenyl-l,3-hexadiene, m.p. 177-178° (re
ported6 176°). As reported earlier,6 difficulties were en
countered in the analysis.

Anal. Calcd. for C-1H26O: C, 89.83: H, 6.28. Found: C, 
89.23, 89.16, 89.10: H, 7.52, 7.27, 7.21.

Infrared spectrum (10% solutions in carbon tetrachloride 
and carbon disulfide): strong bands at 1650, 1600, 1498, 
1455, 1358, 1273, 1157, 1102, 1076, 1067, 1050. 1030, 1016, 
760, 741, and 695 cm .'1 Ultraviolet spectrum (in ethanol): 
Xmax 265 (log e 4.068), Xmin 240 m/a (log e 3.709).

trans-1,3-Diphenylbuten-l-ol-S. The procedure of Cope6 
was employed and the alcohol obtained in 84—89% yield, 
m.p. 57.0-57.8° (reported 57.2-58.0°). The ultraviolet 
spectrum in 95% ethanol showed Xmos 292 (log e 3.098), 284 
(log e 3.295), and 252 mu (log e 4.328). Infrared spectrum 
(6% solution in carbon tetrachloride and 7% solution in 
carbon disulfide): strong bands at 3550, 3420, 3020, 3005, 
2950, 1597, 1494, 1450, 1370, 1325 (broad), 1160, 1095, 
1065, 1028, 968. 762, 746, and 689 cm.-1 The band at 968 
cm.-1 gives evidence that the double bond is trans,12

The residue that remained in the flask after distilling 
the alcohol was chromatographed on neutral alumina and 
eluted with 20% ether-80% pentane to give a yellow oil. 
The ultraviolet spectrum of this oil in 95%, ethanol showed 
a strong maximum at 251.5 m/x and a weak maximum at 
292 m/u ; minima were observed at 291 and 232 mp.

Dehydration of trans-1,3-diphenylbuten-l-ol-S. A. With 
acetic anhydride. Twenty grams (0.09 mole) of the alcohol 
was refluxed for 8 hr. with 10 g. of acetic acid and 20 g. of 
acetic anhydride. Thereafter, the solution was concentrated 
and the yellow residue (a gum) was chromatographed on 
neutral activated alumina. A white solid was obtained (96% 
yield) by eluting with 10% ether-pentane. Crystallization 
from 95% ethanol at room temperature provided 7.8 g. 
(42%) of a crystalline product which when further purified 
had a melting point of 137.0-138.0°.

Anal. Calcd. for C3îH2a: C, 93.16; H, 6.84; mol. wt. 412. 
Found: C, 92.95; H, 6.92; mol. wt. 424 (cryoscopic in ben
zene). 18

(18) Melting points were taken with total immersion 
Anschutz thermometers but otherwise not corrected. 
Analyses were carried out by Miss Heather King. Infrared 
spectra were determined on a Perkin-Elmer Model 21 instru
ment with sodium chloride prism and ultraviolet spectra on 
a Cary Recording Spectrophotometer, Model 11.
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Infrared spectrum (10% solutions in carbon tetrachloride 
and carbon disulfide). In addition to the bands described 
in the discussion above, the following strong bands were 
observed: 3050, 3020, 2915, 1495, 1448-1455, 1075, and 
1030 cm. - 1

The filtrate from the crystallization of the above dimer 
(1 timer I), when placed in the refrigerator overnight, de
posited 5.9 g. (32%) of a white amorphous solid, m.p. 124- 
126°. One gram of this material was chromatographed on 
neutral activated alumina and eluted with 10% ether- 
pentane to give an 0.4 g. fraction of dimer melting at 124.5- 
127.5°. Several recrystallizations of this fraction from 95% 
ethanol provided a pure sample of the second dimer (Dimer 
II), m.p. 125.0-126.0°.

Anal. Calcd. for C;CH>s: G, 93.16; H, 6.84; mol. wt. 412. 
Found: C, 93.17; H, 6.87; mol. wt. 396 (Hast).

Additional dimer I was isolated from this chromatogram 
which brought the total yield of this compound to 50%. 
The mixed melting point of dimers I and II was 124-135°.

B. With iodine. ;rans-l,3,-Diphenylbuten-l-ol-3, 3.22 g. 
(0.002 mole), 35 mg. of iodine and 300 ml. of toluene were 
refluxed for 7 hr. The toluene solution was washed with 
saturated sodium bisulfite solution and water, and dried. 
After concentration of the solution, there remained a yellow 
residue which was chromatographed on neutral alumina 
and yielded 2.95 g. (98%) of a white solid. Crystallization 
from 95% ethanol at room temperature gave 1.23 g. (42%,) 
of dimer I, m.p. 137-138°, and upon cooling, 0.90 g. (31%) 
of crude dimer II.

C. With phosphorus trichloride. To a solution of 5.0 g. 
(0.0223 mole) of the Irans alcohol in 20 ml. of dry pyridine 
was added slowly 3.15 g. (0.0229 mole) cf phosphorus tri
chloride while maintaining the temperature at 0-5°. The 
mixture was stirred for 30 min. and then 100 g. of ice was 
added. The organic material was extracted with 100 ml. of 
ether and the ethereal layer was washed thoroughly with 
water and dried. Removal of the ether provided a yellow 
oil which was chromatographed on neutral alumina to yield 
dimer I as the only apparent product.

Hydrogenation of dimer I. Catalytic reduction of 0.700 g. 
(0.002 mole) of dimer I with Baker’s 10% palladium-on- 
carbon in 20 ml. of ethyl acetate resulted in the absorption 
of 1.97 moles of hydrogen per mole of dimer. The solution 
was filtered through Celite and the solvent removed. 
Crystallization of the oily residue from 95% ethyl alcohol 
gave 0.62 g. (88%) of transparent needles, m.p. 119-120°.

Anal. Calcd. for C32H32: C, 92.26; H, 7.74. Found: C, 
92.04; H, 7.89.

Infrared spectrum (15% solutions in carbon tetrachloride 
and cyclohexane): strong bands at 3057, 3026, 2930, 2865, 
1600, 1495, 1475, 1450, 1068, 1030, 745, and 693 cm. -1 
Ultraviolet spectrum (ethanol) similar to that of tert. butyl- 
benzene: Xmax 268.5 (log e 2.757), 264.5 (log « 2.838), 259 (iog 
t 2.947), 253.5 (log e 2.863) and 248.5 mp (log e 2.718); 
Xinfi. 261 (log e 2.907) and 243 m,u (log c 2.521).

Catalytic dehydrogenation of dimer I. A mixture of 2.00 g. 
of dimer I and 400 mg. of 10% palladium-on-carbon was 
heated at 300° for 2 hr. The residue was taken up in ether 
and the catalyst removed by filtration. The filtrate was con
centrated by heating under reduced pressure and the yellow 
residue chromatographed on neutral alumina. The first frac
tion was eluted with pentane and consisted of 347 mg. of 
crude ethyl benzene which was identified by its infrared and 
ultraviolet spectra. The material (730 mg.) eluted with 
4/o ether-pentane crystallized upon evaporation of the 
solvent, m.p. 173-175°. This material proved to be 1,3,5- 
triphenylbenzcne by a comparison of molting points and 
spectra with authentic material prepared according to 
Bernhauer.19

With further evaporation of the solveir. from the above 
filtrate there was deposited an amorphous solid (about 20

(19) K. Bernhauer, P. Müller, and F. Xeiser, J. prakt. 
Chem. (2), 145, 301 (1936).

mg.), m.p. 96-99.5°. This material proved to be 1,2,4-tri- 
phenylbenzene with trace amounts of the symmetrical isomer 
from which it was inseparable. The ultraviolet spectrum 
(in ethanol) of this material is identical with that of authen
tic 1,2,4-triphenylbenzene,17 m.p. 101.5-102°. It has a maxi
mum at 249 ni/x, a minimum at 228 mp. and high absorption 
in the range 280-325 ni/i; by contrast 1,3,5-triphenylbenzene 
displays a maximum at 252 my, a minimum at 225 my, and 
absorption that falls considerable more rapidly in the 
range 260-325 my. The infrared spectra of authentic 1,3,5- 
and 1,2,4-triphenylbenzene and of the material m.p. 96- 
99.5° were determined in potassium bromide disks. The 
latter had all of the bands of the 1,2,4-isomer and weak 
bands corresponding to the strongest unique peaks of the
1,3,5-isomer. Particularly significant were bands at 1473, 
1442, 1385, 1006, 895, and 835 cm. " 1 which are shown by the
1.2.4- isomer but not by the 1,3,5-isomer. Peaks at 1493, 
1410, 910, and 876 cm.“1 show that the impurity is the
1.3.5- compound.

Dehydrogenation of dimer I with sulfur. One gram of dimer 
I and 155 mg. of sulfur were mixed and immersed in a 
Wood’s metal bath at 125°. The temperature was raised until 
the evolution of hydrogen sulfide commenced (260°) and 
then increased slowly and maintained at 270° for 30 min. 
The amount of hydrogen sulfide evolved was 0.8 mole per 
mole of dimer. The residue was chromatographed several 
times on neutral alumina with no success in resolving 
the components. Concentration and crystallization from 
ether-pentane of the combined fractions from the unsuccess
ful chromatogram eventually gave 145 mg. of 1,3,5-tri
phenylbenzene, m.p. 175.5-176.6°. Crystallization of the 
residue obtained from this filtrate from methanol then gave 
66 mg. of an amorphous sulfur-containing compound, m.p. 
107-109°. An analytical sample was prepared by recrystal
lization from methanol with considerable loss to give color
less crystals, m.p. 110.5-111.5°.

Anal. Calcd. for ClsH14S: C, 82.40; H, 5.38. Found: C, 
82.77: II, 5.39.

Dehydrogenation of dimer I with chloranil. A solution of
2.00 g. (0.0048 mole) of dimer I and 3.00 g. (0.012 mole) of 
chloranil in 35 ml. of benzene was heated under reflux for 
24 hr. The solution was then cooled, diluted with an equal 
volume of pentane, and concentrated after filtering the in
soluble material. The resulting brown residue was chromat
ographed on alumina using 5% ether-petroleum ether 
(b.p. 30-60°) to elute the column. Upon evaporation of the 
solvent there remained 670 mg. (34%) of crude 2,3,5-tri- 
phenylstilbene, m.p. 176-179°. An analytical sample was 
obtained by three recrvstallizations from ether to yield small 
white needles, m.p. 180.5-181.5°.

Anal. Calcd. for CMU,: C, 94.08: H, 5.92. Found: C, 
93.96; II, 5.93.

Terminal methyl determination on dimer I, when carried 
out by conventional methods20,21 gave values ranging from 
0.97 to 1.44 methyl groups. This would be expected from 
styryl derivatives.22 Dr. C. W. Koch23 found a value of 0.2 
by a variation of the Kuhn-Roth procedure which involves 
a 20-hr. digestion period with chromic anhydride-sulfuric 
acid solution. Essentially all of the benzoic acid is destroyed 
bv this procedure.

Oxidation of dimer I with potassium permanganate. To a 
solution of 2.0 g. (0.002 mole) of dimer I in 50 ml. of pyri
dine, was added 4.08 g. (0.03 mole) of potassium per
manganate in 50 ml. of water over a period of 3 hr. The 
mixture had to be heated to 45° where it reacted at a mod-

(20) R. Kuhn and F. L’Orsa, Z. angew. Chem., 44, 847
(1931).

(21) W. F. Barthel and F. B. La Forge, Ind. Eng. Chem., 
Anal. Ed., 16, 434 (1944).

(22) E. J. Eisenbraun, S. M. McElvain, and B. F. Aycock, 
J. Am. Chem. Soc., 76, 607 (1954).

(23) We wish to thank Dr. Koch, University of Cali
fornia, Berkeley, for this determination.
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erate speed. Solid sodium bisulfite was added to decompose 
the manganese dioxide and the solution was steam distilled 
to remove the pyridine. The residue was extracted with 
ether and the ether layer was extracted with dilute base. 
The basic extract was worked up in the usual manner to 
yield 560 mg. of crystalline benzoic acid, m.p. 123.2-124.2°. 
The mixed melting point with authentic benzoic acid was 
undepressed.

The neutral material from the oxidation was chromat
ographed on neutral alumina to separate 863 mg. of a yellow 
crystalline material. This was crystallized from methanol- 
ether mixtures for analysis, m.p. 206.0-207.2°.

Anal. Calcd. for C32H26O4: C, 80.99; H, 5.52. Found: C, 
81.05; H, 5.48.

The infrared spectrum suggested that this compound 
contained a hydroxyl function (3525 cm.“1) and an alpha- 
feeia-unsaturated ketone (1692 cm.“1). Its identity could 
not be determined.

Oxidation experiments using more vigorous conditions 
always resulted in degradation of the dimer to benzoic acid 
and inseparable, unidentifiable oils.

Oxidation of dimer I with acidic potassium permanganate. 
To 1.00 g. (0.002 mole) of dimer I in 50 ml. of nitrobenzene 
was added over a period of 2 hr. a solution containing 11.3 
g. of potassium permanganate, 13 ml. of concentrated sul
furic acid, and 90 ml. of water. After stirring this mixture 
for 4 hr. at room temperature, sodium bisulfite was added to 
remove the manganese dioxide; the solution was then made 
basic with 6iV sodium hydroxide and steam distilled to re
move the nitrobenzene. The residue was worked up in the 
usual way to give 25 mg. of crude benzoic acid, m.p. 115— 
118°. The neutral material was chromatographed on neu
tral alumina to give 50 mg. of a white solid. Crystallization 
from 95% ethanol provided 10 mg. of a white crystalline 
product, m.p. 187°.

Anal. Calcd. for CnHM0: C, 87.14; H, 6.02. Found: C, 
86.98; H, 5.99.

The infrared spectrum indicated that this compound had 
the structure of an alpha-beta-utissitura.ted, five-membered 
ring ketone. The small amount of this material precluded 
further examination.

Ozonization of dimer I, oxidative decomposition. A solution 
of 4.12 g. (0.01 mole) of dimer I in 70 ml. of chloroform was 
ozonized with excess ozone. The chloroform solution wras 
then shaken for 48 hr. with 30 ml. of water and 7.5 ml. of 
30% hydrogen peroxide. Thereafter, the organic material 
was separated and extracted with 1% sodium hydroxide. 
Acidification of this basic solution and continuous extraction 
with ether for 16 hr. provided 248 mg. of a yellow solid. 
This solid was chromatographed on silicic acid to remove 
the yellow impurity, and sublimed to yield 61 mg. of benzoic 
acid, m.p. 121-122°, neutralization equivalent 126. The 
mixed melting point with authentic material was not de
pressed.

The neutral organic fraction from above was concentrated 
and chromatographed on neutral alumina.

Fraction 1 (360 mg.), eluted with ether, was a yellow oil 
from which 30 mg. of a white solid, m.p. 74.5-75.5°, was 
obtained when it was dissolved in 95% ethanol.

Anal. Calcd. for C25H22O: C, 88.72; H, 6.55. Found: C, 
88.73; H, 6.43.

The infrared spectrum suggested that this compound con
tained a carbonyl group; however, the small amounts pre
cluded a careful examination of its structure.

Fraction 2 (300 mg.), eluted with 1% methanol-ether, 
deposited a white crystalline solid upon evaporation of the 
solvent. Crystallization from ether yielded 72 mg. of 1,2- 
dibenzoylethane, m.p. 147.0-147.4°. Literature24 m.p. 145- 
147°. A mixed melting point with authentic material was 
undepressed.

(24) P. S. Bailey and R. E. Lutz, J .  A m . C hem . S o c ., 70,
2412 (1948).

Anal. Calcd. for CisHhCL: C, 80.65; H, 5.92; mol. wt. 238. 
Found: C, 80.70; H, 6.24; mol. wt. 231 (Rast).

The ultraviolet spectrum, Amal 279 m/i (log « 3.330) and 
244 mfi (log c 4.423) was identical with that in the litera
ture.25

Fraction 3 (883 mg.), eluted with 2% methanol-ether 
and fraction 4 (813 mg.), eluted with methanol, were yellow 
oils which resisted crystallization and purification. Both 
gave positive carbonyl tests with 2,4-dinitrophenylhydra- 
zine.

Ozonization of dimer I; reductive decomposition. A solution 
of 4.12 g. of dimer I in 50 ml. of ethyl chloride was ozonized 
with an excess of ozone. The solvent was removed and 15 
ml. of chloroform and 5 ml. of glacial acetic acid were added. 
The ozonice was decomposed with zinc dust. The solution 
was then filtered, washed with 2% sodium bicarbonate 
solution, and dried. There remained 4.44 g. of a yellow vis
cous oil which was chromatographed on neutral alumina.

Fraction 1 (300 mg.), eluted with ether, was a yellow oil. 
This was rechromatographed on neutral alumina to yield 
two major fractions; neither could be induced to crystallize. 
Each fraction -was converted to its 2,4-dinitrophenylhy- 
drazine derivative. The first compound was crystallized 
from ethanol with considerable loss of material to give 5 
mg. of derivative, m.p. 184-186°.

Anal. Calcd. for C28H23O4N4: C, 70.13; H, 4.83. Found: 
C, 70.42; H, 4.83.

This analysis corresponded to a carbonyl compound 
with the formula C22H20O. Its structure was not determined.

It was necessary to chromatograph the second 2,4-dini- 
trophenylhydrazone on neutral alumina to obtain a product 
with an acceptable melting point. From the chromatograph 
was obtained 13 mg. of product which w-as crystallized from 
95% ethanol for analysis, m.p. 99-101°.

Anal. Calcd. for C29H26O4N4: C, 70.43; H, 5.30. Found: 
C, 70.66; H, 5.27.

The above analysis corresponded to a carbonyl compound 
with the formula C23H22O; however, its structure was not 
elucidated.

Fraction 2 (125 mg.), eluted with 2% methanol-ether, 
proved to be 1,2-dibenzoylethane as determined by its 
melting point and mixed melting point with authentic 
material.

Fraction 3 (1.175 g.), eluted with 4% methanol-ether, was 
the same polymeric material as obtained in the oxidative 
decomposition and remained an inseparable mixture.

2,4-Diphenyl-S-hutenoic acid.'1 l,3-Diphenyl-2-propanol 
was prepared by reducing l,3-diphenyl-2-propanone with 
magnesium and methanol26 or with lithium aluminum hy
dride. This alcohol has been dehydrated to 1,3-diphenyl- 
propene by several methods.27“81 In our work it was dehy
drated by heating with and then distilling from potassium 
acid sulfate, but the product was not easily purified and crude 
yields were only 44—79%; the product after redistillation 
had a b.p. of 184-185°/20 mm., n2D5 1.5932.

The olefin was converted to its sodium derivative by reac
tion with amylsodium in n-pentane by a procedure used for 
phenylallylsodium,82 and carbonation was accomplished by 
siphoning the slurry of organometallic compound onto excess 25 26 27 28 29 30 31 32

(25) L. P. Kuhn, R. E. Lutz, and C. R. Bauer, J. Am. 
Chem. Soc., 72, 5058 (1950).

(26) L. Zechmeister and P. Rom, Ann., 468, 117 (1929).
(27) W. Dieckmann and H. Ixammerer, Ber., 39, 3046

(1906).
(28) P. Ramart and P. Amagat, Ann. chim. [10] 8 , 263

(1926).
(29) A. P. Golovchanskaya, Zhur. Obshcheï Khim., 16, 

1243 (1946); Chem. Ahslr., 41, 3082 (1947).
(30) F. E. Francis, J. Chem., Soc., 75, 865 (1899).
(31) M. Tout and M. Guyard, Bull. soc. chim. France, 14, 

1086(1947).
(32) R. Y. Mixer and W. G. Young, J. Am. Chem. Soc., 78, 

3379(1956).
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Dry Ice. The reaction mixture was worked up by conven
tional methods, but the yield of 2,4-diphenyl-3-butenoic 
acid, m.p. 123.5-124.5°, was only 9%. Recrystallization from 
ligroin (b.p. 90-95°) gave pure acid. m.p. .25-126°.

Anal. Calcd. for C,6HU0 2: C, 80.65; H, 5.92, neutral 
equivalent, 238.3. Found: C, 80.71; H, 6.06; neutral equiva
lent, 243. Ultraviolet spectrum (95% ethanol): Amax 252 
(log e 4.352), 283.5 (log e 3.318), 292.5 mh (log e 3.121).

This acid is relatively stable to a temperature of 150° 
for a short time, but after heating at 100-115° for 2 hr. in a 
capillary tube, the m.p. was 118-119°.

Methyl 2,4,-diphenyl-3-butenoate was prepared from the 
acid with diazomethane; after recrystallization from ethanol 
at low temperatures, the ester melted at 35-36°.

Anal. Calcd. for CnHJ60 2: C, 80.92; H, 6.39. Found: C, 
80.71; H, 6.37.

2,4-Diphenyl-S-buten-l-ol.1 Methyl 2,4-diphenyl-3-buten- 
oate was reduced with excess lithium aluminum hydride in 
ether, the reaction mixture worked up as usual and the prod
uct distilled, b.p. 175-185°/1.4 mm. The yield was 70%, but 
the distillate was a mixture containing about 82% of 2,4- 
diphenyl-3-buten-l-ol on the basis of combustion analysis. 
The infrared spectrum was that expected of such a mixture.

Attempts were made to remove the ester by saponification 
with aqueous methanolic potassium hydroxide or sodium 
ethylate, but neutral material recovered from the reaction 
still gave a low carbon analysis even though the ester group 
appeared to have disappeared on the basis of the infrared

spectrum. The product was a viscous red oil which deposited 
a solid. The solid was purified by chromatography on 
neutral, activated alumina and recrystallization from 
alcohol, m.p. 137-138°. I t  was shown to be dimer I by 
analysis, ultraviolet absorption and a mixed melting point 
determination. The yield was about 10% based on 2,4- 
diphenyl-3-buten-l-ol in the reaction mixture used.

The residual red oil would not distill below 200° at 1 to 
2 mm., and did not give a correct analysis for 2,4-diphenyl- 
3-buten-l-ol.

Crude 2,4-diphenyl-3-buten-l-ol from the lithium alumi
num hydride reduction was treated with 3,5-dinitrobenzoyl 
chloride in pyridine and gave a 3,5-dinitrobenzoate in 27% 
yield, m.p. 125-126° after recrystallization from aqueous 
acetone.

Anal. Calcd. for C23H180cN2: C, 66.02; H, 4.34. Found: 
C, 66.28; H, 4.23.

The small amount of the 3,5-dinitrobenzoate that was 
available was pvrolyzed under nitrogen, but neither 1,3-di- 
phenyl-1,3-butadiene nor its dimer was obtained.

Crude 2,4-diphenyl-3-buten-l-ol was refluxed with 2.5N  
aqueous alcoholic sulfuric acid but no dimer was obtained.

Although the experiments described here are only pre
liminary, this method to 1,3-diphenyl-l,3-butadiene does 
not appear promising and further work in this direction is 
not planned.

Los Angeles, Calif.

[Contribution from the N oyes Chemical Laboratory, University of I llinois]
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2-Phenyl-l,3-butadiene (II) has been prepared from acetophenone and vinylmagnesium bromide in a two-step synthesis. 
The synthesis and properties of several new and related compounds are given.

Recently, Normant discovered2 that vinylmag
nesium bromide could be prepared and used in re
actions quite easily in tetrahydrofuran solvent. 
This work suggested a convenient route for the syn
thesis of 2-aryl-substituted dienes which are some
times difficult to obtain in good yield by other 
methods. Thus, treatment of acetophenone with 
vinylmagnesium bromide gave methylphenylvinyl- 
carbinol (I) in 75% yield. This carbinol (I) has 
been prepared previously by reaction3 of aceto
phenone and the di-Grignard reagent of diacetylene, 
followed by hydrolysis and catalytic hydrogena
tion,4 5 and by the action6 of phenylmagnesium bro
mide on methyl vinyl ketone. However, the present 
method produced considerably better yields than 
previously reported. Dehydration of the carbinol

(1) The work discussed herein was supported by a grant 
from the National Science Foundation for polymer research.

(2) H. Normant, Compt. rend., 239, 1510 (1954).
(3) Yu. S. Zal’kind and A. P. Ivanov, Zhur. Obshcheï 

Klnm., 11, 803 (1941); Chem. Abslr., 36, 3790 (1942).
(4) Kh. V. Bal’yan, Zhur. Obshcheï Khim., 24, 501 (1954); 

Chem. Abstr., 49, 6174 (1955).
(5) A. I. Lebedeva and V. A. Shlyakova, Zhur. Obshcheï

Khim., 19, 1290 (1949); Chem. Abstr., 44, 1054 (1950).

(I) by slow distillation from aniline hydrobromide 
gave 2-phenyl-1,3-butadiene (II) in 61% yield. 
This represents an over-all yield of 46% from aceto
phenone for a two-step synthesis, and is possibly the 
best route presently available for preparing 2- 
phenyl-1,3-butadiene. All previous methods6 in
volved numerous steps or poor yields or both. 
Treatment of methylphenylvinylcarbinol with an-

(6) J. E. Faraday, Faraday’s Encyclopedia of Hydrocar
bon Compounds, Chemindex Ltd., Manchester, England, 
1954, Volume 5.
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hydrous hydrogen chloride in ether produced 
methylphenylvinylchloromethane (III) in 50.5% 
yield. Dehydrohalogenation of this chloro-com- 
pound (III) with pyridine produced 2-phenyl-l ,3- 
butadiene (II) in only 36% yield, however.

In an effort to extend this apparently general 
method to the synthesis of difunctional dienes, re
actions were run on p-diacetylbenzene (IV) and 
p,p'-diacetylbiphenyl (V). Reaction of vinylmag- 
nesium bromide with p-diacetylbenzene (IV) pro
duced p-phenylenebis(methylvinylcarbinol) (VI) in 
67% yield. A similar reaction with p,pr -diacetyl- 
biphenyl (V) gave p,p'-biphenylenebis(methyl- 
vinylcarbinol) (VII) in 68% yield. These products 
were presumed to be mixtures of the expected 
stereoisomers which were not separated. All at
tempts to dehydrate the dicarbinols resulted in the 
formation of insoluble glassy polymers. Oxidation 
of p-phenylenebis(methylvinylcarbinol) (VI) with 
alkaline potassium permanganate gave terephthalic 
acid.

Treatment of p,p'-biphenylenebis(methylvinyl- 
carbinol) (VII) with anhydrous hydrogen chloride in 
ether produced p,p'-biphenylenebis(methylvinyl- 
chloromethane) (VIII) in 67% yield. Attempts to de- 
hydrohalogenate this compound were also unsuc
cessful. These unsuccessful reactions appear to be 
due to the high reactivity of the difunctional dienes 
which would be expected to be produced and to 
their tendencies to form polymeric mixtures.

OH
COCHs c h 3- c - c h = c h 2

1. CHa—CHMgBr - 2  H20
2. H20

polymer

C O C H 3

IV
c h 3- c - c h = c h 2

OH

OH

VI

Cl
VIII

In an earlier attempt to prepare 2,2'-p-phonyl- 
enedibutadiene from p-phenylenebis(succinic acid), 
terephthalaldehyde was condensed with malonic 
ester to give tetraethyl p-phenvlenebis(methylene- 
malonate) (IX) in 38% yield. Further reactions 
similar to those described for the preparation of 
phenylsuccinic acid7 led to unidentifiable products 
so the reaction scheme was abandoned. Since this 
ester (IX) had not been made previously, its 
preparation is described in the experimental sec
tion.

E X P E R IM E N T A L 8

Methylphenylvinylcarbinol (I). A solution of vinylmag- 
nesium bromide in 1200 ml. of tetrahydrofuran was prepared 
from vinyl bromide (214 g., 2.0 moles) and magnesium (48.6 
g., 2.0 g.-atoms) as described by Sevferth and Stone.9 Aceto
phenone (200 g., 1.67 moles) dissolved in 500 ml. of tetra
hydrofuran was added at a rate to maintain gentle reflux 
and stirring was continued an additional hour. After hydroly
sis with 500 ml. of a saturated aqueous solution of ammonium 
chloride, the organic layer was distilled. The tetrahydrofuran 
was removed on a steam bath and the residue distilled 
through a 12-in. Vigreux column to yield 184 g. (75%) of 
methylphenylvinylcarbinol, a colorless liquid of b.p. 73- 
74° (1.0 mm.), n2D° 1.5338 [reported4 b.p. 62° (0.5 mm.), 
n2D° 1.5338].

Anal. Ca.cd. for CjoH120 : C, 81.04; H, 8.16. Found: C, 
81.08; H, 8.41.

The infrared spectrum (10% solution in chloroform) shows 
bands at 3570, 3400 cm.-1 (hydroxyl10) and 1642 cm.-1 
(vinyl) in addition to the expected methyl and benzene 
bands. No carbonyl absorption was present.

p-Phenylenebis{methylvinylcarbinol) (VI). This compound 
was prepared in a manner similar to that for methylphenyl
vinylcarbinol. The following reagents w’ere used: vinyl bro
mide (48.2 g., 0.45 mole) and magnesium (11.0 g., 0.45 g.- 
atom) in tetrahydrofuran (300 ml.), p-diacetylbenzene11 
(24.0 g., 0.15 mole) in tetrahydrofuran (100 ml.). The yield 
of colorless crvstals, recrystallized from cyclohexane, was
22.0 g. (67%), m.p. 99-100°.

Anal. Caicd. for C14Hi80 2: C, 77.03; H, 8.31. Found: C, 
77.05: H, 8.44.

The infrared spectrum (10% solution in chloroform) 
shows bands at 3635 and 3470 cm.-1 (hydroxyl10) and 1642 
cm.-1 (vinyl) in addition to the expected methyl and ben
zene bands. No carbonyl absorption was noted.

p,p'-Biphenylenebis{methylvinylcarbinol) (VII). This com
pound w*as prepared in the usual manner from vinyl bromide 
(16.0 g., 0.15 mole) and magnesium (3.64 g., 0.15 g.-atom) 
in tetrahydrofuran (300 ml.) and p,p'-diacetylbiphenyl12 
(11.0 g., 0.046 mole) in tetrahydrofuran (300 ml.). I t  was 
necessary to warm the solution of the diketone to prevent

(7) C. F. H. Allen and H. B. Johnson, Org. Syntheses, 30, 
83(1950).

(8) The melting points are not corrected. We are in
debted to Mr. Jozsef Nemeth of the Microanalytical Labo
ratory of the University of Illinois for the microanalyses of 
carbon and hydrogen, to Clark Microanalytical Laboratory, 
Urbana, UL, for the microanalvses of chlorine, and to Mr. 
Paul McMahon of the University of Illinois for the infrared 
data.

(9) D. Sayferth and F. G. A. Stone, J. Am. Chem. Soc., 
79,515(1957).

(10) In each case, the second hydroxyl band (ca. 3400 
cm.-1) disappeared on dilution of the chloroform solution, 
indicating it was due to intermolecular hydrogen bonding.

(11) R. Ricmschneider, Gazz. chim. ital., 77, 607 (1947).
(12) L. M. Long and H. R. Henze, J. Am. Chem. Soc., 

63, 1939(1941).
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crystallization and to add it while still warm. Recrystalli
zation of the product from benzene-re-pentane (1:3) gave 9.2 
g. of colorless crystals (68%), m.p. 117-118°.

Anal. Calcd. for C2oH220 2: C, 81.60; H, 7.53. Found: C, 
81.66; H, 7.78.

The infrared spectrum (10% solution in chloroform) shows 
bands at 3562, 3400 cm.-1 (hydroxyl10) and 1642 cm.-1 
(vinyl) in addition to the expected methyl and benzene 
bands. No carbonyl absorption was present.

Reaction of p-phenylenebis(methylvinylcarbinol) (VI) with 
potassium permanganate. A mixture of p-phenylenebis(meth- 
ylvinylcarbinol) (1.00 g., 0.0046 mole), potassium perman
ganate (7.27 g., 0.046 mole), sodium hydroxide (l.OO g., 
0.025 mole), and water (30 ml.) was heated under reflux for 
24 hr. The mixture was cooled, and filtered from the manga
nese dioxide which was washed thoroughly with water. 
The filtrate was acidified with dilute sulfuric acid and the 
white precipitate obtained was filtered and washed with 
cold water. Recrystallization from glacial acetic acid yielded 
0.46 g. of white crystals, m.p. above 300°.

An infrared spectrum (Nujol) of this acid was identical 
with a spectrum of authentic, terephthalic acid.

A portion of this acid was converted to the ethyl ester, 
m.p. 42-44°. Mixed melting point with authentic diethyl 
terephthalate was 42M4°.

The 0.46 g. of product represents a 60% yield of tereph
thalic acid.

Methylphenylvinylchloromethane (III). A solution of meth- 
vlphenylvinylcarbinol (10.0 g., 0.068 mole) in anhydrous 
ether (50 ml.) was cooled in an ice bath and anhydrous hy
drogen chloride was bubbled through the solution for 3 hr. 
The ether and hydrogen chloride were removed at atmos
pheric pressure and the crude product dissolved in fresh 
ether (50 ml.). The ether solution was washed with dilute 
sodium carbonate and water and dried over anhydrous 
magnesium sulfate. Two distillations through a Vigreux 
column yielded methylphenylvinylchloromethane, a color
less liquid of b.p. 56-58° (0.5 mm.), n™ 1.5520. The yield 
was 5.7 g. (50.5%).

Anal. Calcd. for C10Hi,Cl: C, 72.09; H, 6.66; Cl, 21.25. 
Found: C, 71.88; H, 6.65; Cl, 21.17.

The infrared spectrum shows bands at 1629 cm._1 (vinyl) 
and 720 cm.-1 (C-Cl) in addition to the expected methyl 
and benzene bands. No absorption above 3040 cm."1 was 
present (no hydroxyl).

p,p'-Biphenylenebis{methylvinylchloromethane) (VIII). A 
solution of p,p'-biphenylenebis(methylvinylcarbinol) (3.00 
g., 0.010 mole) in anhydrous ether (100 ml.) was cooled and 
treated with anhydrous hydrogen chloride for 1 hr. The 
product was isolated as in the previous example. Recrystal
lization from benzene-n-pentane yielded colorless needles 
(2.28 g., 67%), m.p. 144.5-145°.

Anal. Calcd. for C20H20C12: C, 72.50; H, 6.09; Cl, 21.41. 
Found: C, 72.34; H, 6.08; Cl, 20.95.

The infrared spectrum (Nujol) shows a band at 1634 
cm."1 (vinyl) in addition to the expected methyl and ben
zene bands. No absorption above 2910 cm."1 was noted 
(no hydroxyl).

2-Phenyl-l,3-butadiene (II). (a) Dehydration of methyl- 
phenylvinylcarbinol. Methylphenvlvinylcarbinol (40.0 g., 
0.27 mole), aniline hydrobromide (4 g.), and hydroquinone 
(0.5 g.) were mixed in a 100-ml., round-bottomed flask con

nected to a 6-in. Vigreux column with distillation take-off. 
The pressure was reduced to 13 mm. and the flask heated in 
an oil bath, initially at 100° so that a very slow distillation 
took place. The reaction took 4 hr. and the oil bath tem
perature was ultimately raised to 150°. In the receiver, 
which was cooled in an ice salt bath, was collected a 
colorless liquid of b.p. 57-63° (13 mm.), ra2D° 1.5475 
[reported,13 b.p. 55-64° (15 mm.), w2D° 1.5489]. The product 
contained a few droplets of water, the bulk of which was 
physically removed using a separatory funnel and the sample 
was dried by adding a few pellets of anhydrous calcium chlo
ride and letting it stand for a few hours at 0°. The drying 
agent was filtered off and a colorless liquid obtained14 (21.5 
g., 61%) which reacted instantaneously in the cold with 
maleic anhydride to form the expected Diels-Alder adduct,
4-phenyl-A4-tetrahydrophthalic anhydride, in 85% yield; 
m.p. 104.5-105° (lit. m.p. IOS013'13)'.

2-Phenyl-l,3-butadiene and 1,4-naphthoquinone, heated 
at 100° for 2 hr., yielded the expected l,4-dihvdro-3-phenyl-
9,10-anthroquinone, colorless crystals of m.p. 143.5-144° 
(recrystallized from ethanol) (reported,15 m.p. 144°).

The infrared spectrum of 2-pheny 1-1,3-butadiene shows 
bands at 1687, 1625, 1590 cm."1 (conjugated double bonds), 
and 1600, 1577, 1497 cm."1 (phenyl) in addition to the ex
pected C—H bands.

(b) Dehydrohalogenation of methylphenylvinylchlorometh
ane. A solution of methylphenylvinylchloromethane (8.0 g., 
0.05 mole), pyridine (40 ml.), and hydroquinone (0.5 g.) 
was heated under reflux for 1 hr., cooled, and poured into 
cold 10% sulfuric acid. The oily layer was ether extracted, 
washed with water and dried over anhydrous magnesium 
sulfate. Distillation yielded 2-phenyl-1,3-butadiene (2.2 g., 
36%), b.p. 57-66° (13 mm.), n2D° 1.5470.

Tetraethyl-p-phenylenebis{methylenemalonate) (IX). Ter- 
ephthalaldehvde16 (10.0 g., 0.075 mole), malonic ester (32.0 
g., 0.20 mole), piperidine (0.5 ml.), and dry benzene (80 
ml.) were heated under reflux for 48 hr. A trap was used to 
remove water from the reaction as it was formed. The ben
zene was distilled off at atmospheric pressure and the excess 
malonic ester removed under vacuum [95-100° (15 mm.)]. 
The residue, on cooling, solidified to a yellow mass, which 
was recrystallized from methanol. Colorless crystals of m.p. 
135-136° were obtained. The yield was 12.0 g. (38%).

Anal. Calcd. for C22H260S: C, 63.15; H, 6.26. Found: C, 
63.34; H, 6.42.

The infrared spectrum (10% solution in chloroform) shows 
bands at 1725 cm."1 (unsaturated ester carbonyl) and 1634 
cm._I (conjugated double bond) in addition to the expected 
benzene bands. No aromatic aldehyde bands were present.

Urbana, III.

(13) 0. Grummitt and H. Leaver, J. Am. Chem. Soc., 74, 
1595(1952).

(14) This product can be redistilled carefully with an 
80% recovery of material. However, the physical constants 
do not change and for most normal reactions involving this 
compound, the redistillation is not necessary.

(15) C. C. Price, F. L. Benton, and C. J. Schmidle, J. 
Am. Chem. Soc., 71, 2860 (1949).

(16) J. M. Snell and A. Weissberger, Org. Syntheses, 
Coll. Vol. Ill, 788 (1955).
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Now fluoroviityl iodides, CF2- CTII, CF'2=CC1I, CF2=CBrI, and CF2= C I2, were prepared and some of their reactions 
with various olefins studied. In all cases, a 1:1 linear adduct was formed, with the formation of small amounts of higher 
boiling fractions. A number of fluoro-1,3-butadienes were obtained from these adducts and their physical properties were 
tabulated.

This paper represents a continuation of our study 
on the preparation of certain fluorovinyl iodides2 
and some of their reactions under free radical and 
ionic conditions.

I t  was found that iodine monochloride added 
very readily to CF2= C H 2, C F ^ C H I , C F ^C H B r, 
and CF2—CHCI but more slowly to CFC1=CFC1. 
The additions to CF2= C H 2 and C F ^ C H I  were 
very exothermic reactions, especially the latter, 
which was so vigorous that cooling was necessary 
during the course of the reaction.

The addition of iodine monochloride to these 
olefins is in agreement with the addition of alcohols 
under conditions favoring ionic reactions.3 4 5 ~6 In  
our case, the negative chlorine becomes attached 
to the CF2-group, which has a partial positive 
charge.

All of the olefins with the exception of CFC1= 
CFC1 gave yields of adducts ranging from 83% to 
95%. l,2-Dichloro-l,2-difluoroethylene gave a yield 
of 23% with a secondary product, CFC12 — CFC12, 
being formed from the reaction: CFC12CFC1I +  
IC l^C FCbC FCb +  I2 or from CF2C1CFC1I and 
free chlorine (formed from the dissociation of IC1 
into iodine and chlorine). Very little, if any, second
ary products were formed with the other olefins.

CF2C1CHI2 and CFCLCFC1I obtained from the 
iodine monochloride additions are very unstable to 
fight and are extremely strong lachrymators and 
so unstable that no further reactions were a t
tempted. On the other hand, CF2C1—CH2I has a 
pleasant odor and can be distilled at 92° with little 
or no decomposition.

The proof of structure of CF2C1CH2I, CF2C1CHI2,

(1) Presented before the Fluorine Subdivision of the 
Division of Industrial and Engineering Chemistry, American 
Chemical Society meeting, Minneapolis, Minn., Sept. 1955. 
This paper represents parts of the theses submitted by 
D. N. Gray, J. Abramo, and M. Hein to the Graduate 
School, University of Colorado, in partial fulfillment of the 
requirements for the Ph.D. degree.

(2) J. D. Park, R. J. Seffl, and J. R. Lacher, J. Am. 
Chem. Soc., 78, 59 (1956).

(3) W. E. Hanford and G. W. Rigby, U. S. Patent 
2,409,274.

(4) W. T. Miller, Jr., E. W. Fager, and P. H. Griswold, 
J. Am. Chem. Soc., 70, 431 (1948).

(5) J. D. Park, D. K. Vail, Iv. R. Lea, and J. R. Lacher,
J. Am. Chem. Soc., 70, 1550 (1948).

CF2C1—CHBrI, and CF2C1—CHCII, respectively, 
was established, chemically, by reaction with potas
sium hydroxide in mineral oil. In each case, a 
molecule of hydrogen chloride was removed with 
the formation of potassium chloride and CFo= 
CHI, CF2= C I 2, CI'W CB rl, and (TY-CC1I, 
respectively. If the iodine monochloride had added 
the other way, to produce CF2I-CH2C1 (in the case 
of CF2= C H 2), a molecule of hydrogen iodide would 
have been removed. In addition, CF2C1-CH2I 
when treated with ethanolic potassium hydroxide 
yielded CH3CH2OCF2CH2I, the structure of which 
was proven by hydrolysis6'7 of the ether with 96% 
sulfuric acid to the known ethyl iodoacetate. Simi
larly, C2H60C F2CHC1I upon hydrolysis yielded 
chloroiodoacetic acid.

Under free radical conditions the fluorovinyl 
iodides, CF2= C H I, CIV -CClI, CF2= C B rI, and 
CF2= C I 2 reacted with olefins in a manner such 
that the attacking free radical CF2= C X - will add 
to a terminal CH2-group, then a CFH-group and a 
CF2-group, preferentially in that order as shown2'8’9 
previously in similar cases.

These additions ultimately resulted in the prepa
ration of the following: l,l-difluoro-2-chlorobuta- 
diene; l,l,2,4,4-pentafluoro-3-chlorobutadiene; 1,1- 
difluorobutadiene; and 1,1,4,4-tetrafluorobutadiene.

The reaction of CF2-—CC1I and CF2= C B rI ap
parently yielded Grignard reagents. These reacted 
with formaldehyde to yield CF2=CC1CH20H  and 
CF2=C B rC H 2OH, respectively. However, we were 
unable to isolate any definite reaction products 
when the above Grignard reagents were treated 
separately with carbon dioxide and ethylene oxide.

The infrared spectra of all of the compounds 
prepared in this study were taken but are not re
ported in order to conserve space.

E X P E R I M E N T A L

The free radical addition reactions were carried out in 
Pyrex flasks which were sealed off at the neck and fitted

(6) J. A. Young and P. Tarrant, J. Am.. Chem. Soc,., 71, 
2432 (1949).

(7) J. A. Young and P. Tarrant, J. Am. Chem,. Soc., 72, 
1860 (1950).

(8) R. N. Haszeldine and B. R. Steele, J. Chem. Soc., 
684 (1941).

(9) R. N. Haszeldine, J. Chem. Soc., 473 (1952).
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with stopcocks to permit the introduction and removal of 
the reactants and products. The ultraviolet light source was 
an Hanovia EH4 mercury arc tube.

1 ,l-Difluoro-2-iodoHhylene (I). The dehydrochlorination of 
CF2CICH2I (II) was carried out by a procedure similar to 
that previously reported2 for the preparation of Cl'V- 
CFI. I t was found that better yields were obtained by run
ning the reaction at about 200-mm. pressure.

The material was distilled over phosphorus pentoxide to 
yield 67 g. (65.4%) of a fraction boiling at 35.5° (622 mm.); 
n2n° 2.171. Molecular weight determinations by the Reg- 
nault method: Calcd. for CF2—CHI: 190. Found: 188.

Anal. Calcd. for C2HF2I: C, 12.64; H, 0.E3; I, 66.8; F, 20. 
Found: C, 12.56; H, 0.58; I, 66.6; F, 19.8.

1,2-Dichloro-l,l-dijluoro-2-iodoethane (III). The apparatus 
used in the addition of iodine monochloride to CF2=CHC1 
was a 5 X 35 cm. Pyrex tube with a sintered glass frit at 
the bottom for dispersion of the incoming gas and the top 
mounted by a reflux condenser connected in series to a bubble 
counter and a trap cooled to —78° for the collection of un
reacted starting material.

In a typical run, 325 g. (2 moles) of iodine monochloride 
was placed in the apparatus described above, and 184 g. 
(1.9 moles) of CF.,r=CHCl passed through the glass frit 
from a steel cylinder at a rate such that some olefin came 
through the bubbler. The reaction, which is exothermic, 
required about 9 hr. The reaction product was washed with 
aqueous sodium bisulfite until colorless, then three more 
times with fresh water and finally dried over anhydrous 
sodium sulfate. Vacuum distillation in a Vigreux column 
yielded 442 g. (90%) of material boiling at 66-67° (100 
mm.); tc2d° 1.4881; d20 2.233. .

Anal. Calcd. for C2HC12F2I: C, 9.2; F, 10.73. Found: C, 
9.1; F, 10.58.

2-Chloro-l,l-difluoro-2-iodoeihylene (IV). The dehydro
chlorination of III v/as carried out in a 1-liter three-neck 
flask in a manner similar to that previously described2 for 
CF2= C F I. About 315 g. (0.82 mole) of III added dropwise 
to 90 g. (1.6 moles) of potassium hydroxide pellets sus
pended in 300 ml. of heavy mineral oil at 60° yielded 130 g. 
(78%) of III; b.p. 72-73° (628 mm.); ?i2D° 1.4695; d20 2.237.

Anal. Calcd. for C2CIF2I: C, 10.7; F, 16.9. Found: C, 
11.0; F, 16.6.

l-Chloro-l,l-difluoro-2,2-diiodoethane (V) Into a 50-ml. 
three-neck flask, fitted wdth a dropping funnel, stirrer, and a 
reflux condenser, -was placed 30 g. (0.16 mole) of I kept 
at 0°. Iodine monochloride was then added dropwise with 
stirring. The reaction was vigorously exothermic and was 
more easily controlled in another preparation by adding the 
olefin to IC1. The product was washed with aqueous XaHS03 
and water, then dried with anhydrous sodium sulfate. 
Fifty-three g. of dried product was obtained. Distillation 
produced a 94% yield of V, b.p. 57.4-57.5° (8 mm.). The 
product is a very strong lachrvmator and decomposes 
rapidly. A freshly redistilled sample was used for physical 
properties and analysis; b.p. 57.5° (8 mm.); n2D° 1.5870; 
d\° 2.823.

Anal. Calcd. for C2HF2C1I2: C, 6.82; F, 10.78. Found: 
C, 6.86; F, 10.99.

l,l-Dichloro-2,2-difiuoroethylene (VI). A 50-ml. three-neck 
flask, equipped with a dropping funnel, a stirrer, and a reflux 
condenser, was charged with 20 g. powdered potassium 
hydroxide and 20 ml. CFC12CF2C1, the latter used as a 
medium for suspending the potassium hydroxide. Twenty- 
five g. of V was then added dropwise to the agitated mixture 
and the reaction initiated by bringing the solvent to a boil 
(43°). The addition of V w'as so adjusted to just keep the 
solvent (CFCbCFoCl) refluxing without external heat. A 
very hard salt cake was formed during the course of the 
reaction. Refluxing of the solvent was continued for 3 hr. 
after all the diiodide had been added. Distillation yielded
18.6 g. (83.5%) of VI, b.p. 133.5° (626 mm.); n2° 1.5869; 
dl° 2.961.

1662

Anal. Calcd. for C2F2I2: C, 7.6; F, 12.03. Found: C, 7.65; 
F, 11.95.

Reaction of CF2Cl—CHJ and CH==CH2. A. Thermal reac
tion. The iodide II (119 g., 0.53 mole) was put into a 500- 
ml. Parr hydrogenation bomb and charged to 450 lbs. per 
square inch with ethylene. The bomb was rocked for 20 min. 
and the pressure observed to insure no leakage. The reaction 
mixture was heated to 280° where a drop in pressure w'as 
noted. Heating at 280° was continued for an additional 3 
hr. after which the bomb was allowed to cool off.

The unreacted ethylene was discharged through a series 
of traps cooled in Dry Ice. The liquid was transferred to an 
Erlenmeyer flask and stored in the deep-freeze. Carbon black 
and iodine were found on the walls of the bomb. The liquid 
product, which was a solid in the deep-freeze, was distilled 
on a Todd column. About 13.6 g. (10%) was obtained which 
had the extrapolated boiling point for the desired product, 
CF2C1CH2CH2CH2I (VII). The fraction boiling at 44.3- 
44.7° (7 mm.) was taken as the desired product.

This fraction, which was iodine colored, was decolorized 
with aqueous sodium sulfite, washed with water, and dried 
over “Drierite.” The compound is unstable to light; b.p. 
41.5° (5 mm.); 67.5° (23 mm.); n2D° 1.4780; d20 1.867.

Anal Calcd. for CJRCIFJ: C, 18.88; H, 2.38; I, 49.88. 
Found: C, 18.80; II, 2.60; I, 50.09.

Also isolated from the reaction was about 10 g. of ethylene 
iodide. This solid was purified by crystallization from warm 
petroleum ether (60-80°), sublimation under vacuum, and 
recrystallization from the same solvent. Long, needlelike 
crystals were obtained, m.p. 81°.

'Anal. Calcd. for C2H4L: C, 8.52; H, 1.42. Found: C, 8.58;
H, 1.36.

B. Photochemical reaction. About 23 g. (0.1 mole) of II 
and 3.5 g. (0.19 mole) of CH2= C H 2 were placed in a three- 
liter Pyrex flask and irradiated with ultraviolet light. The 
reaction was allowed to continue for 14 days. Distillation 
was carried out in a micro-distillation apparatus. The first 
fraction was the starting iodide. The next fraction was 3.3 g. 
(13%) of VII coming over at 41.3° at about 6-mm. pressure, 
» b 1.4790 (iodine colored), dl° 1.867.

Photochemical reaction of CF2=CHI and CHf=CH2. About 
23 g. (0.1 mole) of I and 4.3 g. (0.15 mole) of CH2= C H 2 
were placed in a three-liter Pyrex flask and irradiated with 
an ultraviolet lamp for seven days. The resulting product 
was iodine colored. The reaction mixture was poured from 
the flask to a trap cooled in Dry Ice. Distillation through a 
Vigreux column afforded 10 g. (46%) of CF2= C H —CH2- 
CHJ (VIII) distilling at 58° (81 mm.). The sample was de
colorized with a drop of mercury' before use. The product 
gave a positive test for unsaturation with IvMn04 in acetone. 
B.p. 45.0-45.3° (40 mm.); 69.0-69.2° (116 mm.); n2D°
I. 4752; d20 1.863.

Anal. Calcd. for CJLTYf: C, 22.04; H, 2.31; I, 58.22. 
Found: C, 22.05; H, 2.28; I, 58.50.

1,1-Difluoro-l,8-butadiene (IX). A 50-ml. three-neck 
flask -was equipped with a dropping funnel, a stirrer, and a 
reflux condenser whose outlet led to a trap cooled in Dry Ice. 
Fourteen ml. of light mineral oil and 8 g. of powdered potas
sium hydroxide were put into the flask and the stirred 
potassium hydroxide slurry was heated to 95°. Six grams 
(0.051 mole) of VIII was added dropwise to the KOH 
sluny. After about 2 hr., some liquid was found to be con
densing in the cold trap. Heating and stirring was continued 
for 5 more hr., whereupon about tw-o milliliters of liquid 
was obtained in the cold trap.

The molecular -weight of the product was determined 
using a Regnault bulb. Molecular weight for IX: Calculated,
90.1. Found, 90.1. B.p. —1° at 630-mm. Hg. Tarrant10 
has previously prepared this compound by another route 
and reported a b.p. of +3.5° (760 mm.).

(10) P. Tarrant, M. R. Lilyquist, and J. A. Attaway, 
J. Am. Chem. Soc., 76, 944 (1954).
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TABLE I
P hysical P roperties of Compounds Prepared

Compound 2 On D dl°
MRd

Calcd. Found
ARf

Obsd.
Mol.

Calcd.
Wt.
Found B.P., °C./Mm. Hg

CF)=CHI 1.4376 2.171 23.77 22.95 0.69 190 188 33.5/622
CF2=CC1I 1.4695 2.237 28.49 27.95 0.76 73/628
CF>=CBrI 1 5059 2.5837 31.53 30.91 0.79 95.5/622.5
CF,=CI, 1.5869 2.961 36.57 35.84 0.74 133.5/626
CF.C1—CHoI 1.4655 2.166 29.10 28.92 1.01 92.3/624
CFC1,—CFC1I 1 501722° 2.265220 38.84 38.45 0.91 44.4/17
CF..CÍ—CHC1I 1.4881 2.233 33.83 33.66 0.94 66/100
CF-Cl—CHBrI 1.5229 2.5464 36.87 36.62 0.98 70.5/51; 139.5/628
CF..C1—CHI, 1.5870 2.823 41.90 42.06 1.18 57.5/8
CF2C1CH,CH,CH,I 1.4870 1.867 38.34 38.59 1.22 41.5/5;67.5/23
CF2= C H —(CH,),I 1.4752 1.863 33.00 32.96 1.08 45-45.3/20; 61.2/85;

69.0/116
CF,=CHCH,CF,I 1.4193 1.909 33.01 33.62 1.25 86.9/631.5
CF,=CHCF,CFC1I 1.4331 2.086 37.87 38.20 1.17 112/635
CF2=CC1CH,CH,I 1.4958 1.9724 30.84 37.37 0.80 142/631
CF2=CC1CH,CF2I 1.4435 2.024 37.88 37.81 0.87 120/627
CF,=CC1CHFCF,I 1.4342 2.115 37.87 37.74 1.07 59/90
CF2=CH CH =CH , 90.1 90.1
CF,=CHCH=CF, 127 126 -33.4/158; -5.5/509;

-1.8/584
CF2=CC1CF=íCF2 175 178 30-32/630
c ,h 5o c f 2c h 2i 1.4520 1.794 35.12 35.48 1.28 62.1/59
c 2h 5o c f2c h c ii 1.4760 1.885 39.98 40.46 1.34 67/20
c f , = c c ic h ,o h 1.4028 1.4267 21.97 21.97 1.1 43/20

Photochemical preparation of CF*=CH—CH«—CF.ZI  (X). 
In a manner similar to that described above, 33 g. (0.17 
mole) of I and 20 g. (0.31 mole) of CF2= C H 2 were irradiated 
with ultraviolet light in a five-liter flask for a period of 13 
days. After this time, the contents of the flask were dis
solved in ether and removed. Distillation was carried out 
in micro-equipment, after first removing the ether and 
unreacted I as one fraction. It is somewhat difficult to remove 
the last traces of ether from the higher boiling fractions. 
The fraction boiling at 42-44° (104 mm.) was taken as the 
desired product. Six grams (14% yield) of X was obtained. 
A test for unsaturation with KMnOj in acetone was positive. 
This product was decolorized with a drop of mercury before 
use. I t is fairlv stable to light. B.p. 86.9° (631.5 mm.); n2D° 
1.4193; d\° 1.909.

Anal. Calcd. for C4H3F4I: C, 18.91; F, 29.92. Found: C, 
18.87; F, 29.7.

1,1,4,4-Tetrafluoro-l,3-butadiene. A. Dehydroiodination of
X. About 5.8 g. (0.023 mole) of CF,=CH—CH,CF,I was 
added dropwise to a stirred potassium hydroxide slurry 
heated to 95° and worked up in a manner similar to that 
described for compound IX. Two grams (83%) of XI was 
obtained; this showed a positive test for unsaturation with 
KM11O4 in acetone. Molecular weight determination by the 
Itegnault method for CF2=C H C H =C F2: Calculated, 126. 
Found, 127, b.p. (isoteniscope) —33.4° (158 mm.); —5.5° 
(509 mm.); —1.8° at 584-mm. Hg. The infrared spectra of 
the above with that of an authentic sample of CF2= C H — 
CH=CF2 were found to be superimposable.

B. Wurtz-type reaction with I. Eight to nine grams of 
sodium sand was prepared in 75 ml. of dibutyl ether in a 500- 
ml. Morton flask, the ether being distilled from sodium. The 
flask was fitted with a pressure equalizing dropping funnel, 
a mercury-sealed stirrer and a Dry Ice-cooled Friedrich 
condenser. Thirty grams of I dissolved in 25 ml. butyl ether 
was added dropwise while the reaction mixture was kept at 
0°. Sodium iodide appeared to be forming, but it was dif
ficult to tell due to the finely divided sodium present. The 
mixture was allowed to warm up to room temperature dur
ing the addition of the olefin.

After a total reaction time of about 7 hr., the coolant in 
the Friedrich condenser was allowed to warm to 5-10° and

about two grams of liquid was collected in a cold trap con
nected to the condenser. Upon heating the reaction mixture 
further, the entire contents turned black indicating decom
position. Ten per cent yield of XI was obtained. The 
product gave a positive test, for unsaturation with KMn04 
in acetone. Molecular weight of CF2=C H C H =C F2. Calcu
lated, 126; Found, 128. The infrared spectrum was the same 
as that obtained from the elimination of HI from X.

Photochemical reaction of CF<f=CHI and CFi=CFCl. 
About 38 g. (0.2 mole) of I and 33 g. (0.28 mole) of CF«= 
CFC1 were placed in a three-liter evacuated Pyrex flask and 
irradiated with ultraviolet light for 13 days. After this 
period of time, the liquid and gaseous products were pumped 
out through a liquid nitrogen trap to give a total of 55 g. of 
material. This was then allowed to warm up to room tem
perature and the gaseous products removed. About 16 g. 
of high boiling liquid which remained was distilled. The frac
tion boiling at 74.5-75.0° (144 mm.) was taken as the desired 
product, CF2= C H —CF2—CFC1I (XII). In addition, a 
fraction (4*5 g.) distilling about 70° (8 mm.), n2D° 1.4565 was 
obtained. This fraction was not identified. The yTeld of XII 
was 12.3%, based on I. All fractions wrere iodine colored and 
were decolorized with aqueous Na2S03, washed with water, 
and dried over “Drierite.” A test for unsaturation with 
KMn04 in acetone was positive, b.p. 112° (635 mm.); 
n2D° 1.4331; d\° 2.086. This compound was considered too 
unstable to be sent for analysis.

Proof of the mode of addition of I to CF2=CFC1 was estab
lished by attempting to dehalogenate the product with Zn. 
If addition had occurred to give CF2--CH—CFC1CF2I, 
dehalogenation would have produced CFj=CH—CF=CF2, 
a butadiene previously prepared in this laboratory.2 How
ever, no pentafluorobutadiene was obtained in this dehalo
genation.

Reaction of CF?=CHI and CJls. Benzene and I were re
acted photochemically in a five-liter flask for 13 days in an 
attempt to prepare C6H3CH=CF2. During the course of the 
reaction a yellow-brown film was deposited on the inside of 
the flask. At the end of the reaction a considerable amount of 
free iodine was left in the flask. In the distillation, after 
removal of starting materials, about 0.5 ml. of a compound, 
distilling at 66° (61 mm.), and having an n™ of 1.4840, was
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obtained. This fraction showed a positive test for unsatura
tion with KMn04 in acetone. Prober11 reports a b.p. of 65- 
66° (61-62 mm.); and an n\° of 1.4925 for C6II6CH=CF2 
prepared by another route.

Attempted coupling of CnH„MejBr and CF->Cl—CFCII. 
Phenyl magnesium bromide (3M solution) was added drop- 
wise to a stirred ethereal solution of CF.C1—CFCII and a 
noticeable reaction took place with the deposition of a salt. 
However, no coupling product was obtained. Only phenyl 
iodide was isolated along with CF>=CFC1. Similar results 
were obtained when the reaction was carried out at 0° and 
at -78°.

Photochemical reaction of CF2=CCII with CE2—CHi. 
About 45 g. (0.2 mole) of IV and 0.2 mole of ethylene were 
charged to a 5-liter Pyrex flask, sealed, and irradiated for 
30 days. At the end of this period a good deal of iodine was 
present in the flask. The products of the reaction were ob
tained by pouring out the liquid and removing the vapors 
from the flask by suction. Distillation of the materials from 
the flask gave 11 g. of unreacted IV and 27 g. (719r) of the 
desired CF2=CC1—CH2CH2I (XIII), b.p. 142-143° (631 
mm.); d20’l.972; w2D° 1.4958.

Anal. Calcd. for C4H4F2C1I: C, 19.0%; F, 15.05%. Found: 
C, 18.95%; F, 15.1%.

1,1-Difluoro-S-chloro-l,3-butadiene. About 27 g. of XIII 
was treated with a suspension of mineral oil in a manner 
outlined in the preparation of IX. About 1 ml. of material 
wTas obtained. Attempts to obtain more product were un
successful. Enough material was available for an infrared 
spectrum which had the doublet associated with butadienes 
in the double bond region of the spectrum.12

Photochemical reaction of CFt—CCII with CF*=CHF. 
About 45 g. of IV and about 0.2 mole of OF2=C H F were 
put into the 5-liter Pyrex bulb and irradiated with ultra
violet light for 18 days. After this period the products which 
were highly colored were removed from the flask. Distil
lation on a micro-distillation apparatus yielded 14 g. (69%) 
of CF2=CC1CHFCF2I (XIV) boiling at 58-59° (90 mm.). 
The iodine in the product was removed by shaking with 
a few drops of mercury and the physical properties were 
determined immediately after this treatment. ?rD° 1.4342; 
dl° 1.115.

Anal. Calcd. for C4HC1F5I: C, 15.6; F. 31. Found: C, 
15.46; F, 30.86.

1,1,3,4,4-Pentafluoro-2-chloro-butadiene. About 28 g. of 
XIV was added dropwise to a suspension of potassium 
hydroxide in mineral oil in a manner similar to that described 
for compound IX. Evacuation of the reaction system through 
a liquid nitrogen trap yielded 8 ml. of material. Pot to pot 
distillation of the reaction products in a vacuum system left 
about 0.5 ml. of product which was used for a molecular 
weight determination (Régnault method) and infrared 
spectrum. Mol. wt. Calcd. for CF2=CC1—CF=CF>: 178. 
Found: 175, b.p. 30-32° (628 mm.).

Anal. Calcd. for C4F5C1: C, 26.9; F, 53.2. Found: 0, 27.1; 
F, 53.

Infrared shows the doublet in double bond region of spec
trum which is associated with butadiene.12

Photochemical reaction of CF^=CCII wùh CFf=C H 2. A
5-liter Pyrex bulb was charged with 45 g. (0.2 mole) of IV 
and 0.2 mole of CF2= C H 2 and irradiated with an ultraviolet 
light for 30 days. At the end of this period the products 
were highly colored with iodine. The contents of the flask 
were emptied and subjected to distillation in a micro
distillation assembly. About 14 g. of IV was recovered 
along with 19 g. of material boiling at 120° (627 mm.) 
which wras the desired CF2=CC1—CH2—CFJ (XVI). 
Physical properties were determined after shaking the prod
uct with a few drops of mercury. n2D° 1.4435; d2° 2.024. 
(ARf = 1.1).

(11) M. Prober, J. Am. Chem. Soc., 75, 968 (1953).
(12) L. J. Bellamy, The Infrared. Spectra of Complex 

Molecules, 1st ed., Wiley & Sons, Inc., X. Y., 1954, p. 35.

Anal. Calcd. for C4H2F4C1I: C, 16.66%,; F, 26.35%. 
Found: C, 16.23%; F, 26.35%.

Preparation of Grignard reagent with CFf=CClI. About 3 
g. (0.13 mole) of magnesium turnings were washed with 
absolute ether and placed in a 300-ml. three-neck flask. 
The flask was provided with a reflux condenser, stirrer, and 
dropping funnel. After adding 100 ml. of absolute ether to 
the flask about 2 ml. of IV was added and the reaction started 
by warming the magnesium turnings in the flask with a pin
point flame. A total of 22 g. of IV was added over a 2-hr. 
period at a rate such that reflux was maintained. The 
ethereal solution was quite dark at this point. The mixture 
was hydrolyzed with 100 ml. of 31V sulfuric acid and the 
gaseous products condensed in a trap cooled to —78°. 
Molecular weight determination (Regnault Method) gave 
a value of 95. Calcd. for CF2=CHC1 is 98.5.

Reaction of CF*=CClMgI with formaldehyde. Preparation 
of the Grignard reagent was carried out in a 500-ml. Morton 
flask provided with a stirrer, 0° reflux condenser, and a 
dropping funnel with a pressure equalizing arm. About 5 g. 
of magnesium turnings were washed with absolute ether, 
placed in the Morton flask, and covered with 100 ml. of 
ether. The Grignard reaction was initiated in the usual 
way and a total of 42 g. (0.19 mole) of IV was added drop- 
vise over a 3-hr. period, while the ethereal solution of the 
Grignard reagent was stirred vigorously, and cooled with an 
ice bath. Seven grams of paraformaldehyde was depoly- 
merized by heating and the gaseous formaldehyde was led 
into the reaction mixture through a section of 10-mm. glass 
tubing set just above the surface of the ether. During the 
addition of the formaldehyde, enough heat is generated to 
cause refluxing of the ether. After the formaldehyde was 
added, the mixture was allowed to come toq'oom tempera
ture and stirred for an additional 3 hr. At the end of this 
period the reaction mixture was poured on cracked ice and 
acidified with 100 ml. of 20% sulfuric acid. The ether layer 
was separated and the aqueous layer was extracted with three 
100-ml. portions of ether. The ether fractions were combined, 
and dried over anhydrous potassium carbonate over night. 
The ether was stripped off with a vacuum pump leaving a 
tarry liquid which was subjected to vacuum distillation 
through a Vigreux column. About 14 g. (54%) of a colorless 
liquid, b.p. 42-43° (20 mm.) was obtained. This liquid which 
was the desired CF2=CC1CH20H reacted with sodium metal, 
gave a positive test for unsaturation with aqueous potas
sium permanganate, and an acid reaction to litmus. n\° 
1.4028; d\° 1.427.

Anal. Calcd. for CF2=CC1CH20 H : C, 28; F, 29.6. 
Found: C, 28.1; F, 29.2.

Attempted coupling of CFAJl—CHJ. A 1-liter three-neck 
flask was provided with a stirrer, dropping funnel, and a 
reflux condenser. This assembly was charged with 160 ml. 
of acetic anhydride, 160 ml. of methylene chloride, and 65 
g. (1 mole) of zinc dust. About 226 g. (1 mole) of II was 
added slowly. Xo reaction occurred at room temperature; 
however, heating with a microburner caused some dehalo- 
genation as shown by the presence of a low boiling liquid in 
the traps which was CF2= C H 2 and would result from the 
dehalogenation of the starting material. Xone of the de
sired CF,C1CH2CH2CF2C1 was obtained.

Attempted reaction of CF2CICFCII with CF2=CHCl. A 500 
ml.-Parr bomb was sealed, cooled in an isopropyl alcohol- 
Dry Ice bath and evacuated. The bomb was checked for 
leaks by sealing the bomb and letting it stand for 10 min. 
and checking for any loss in vacuum by means of a mercury 
manometer connected to the bomb. The bomb was then 
charged with 150 g. (0.55 mole) of CF.C1CFC1I and 55 g. 
(0.55 mole) of CFi^CHCl. After warming to room tem
perature, the bomb was heated to 200° while being rocked. 
About 500 p.s.i. showed on the gauge during the 8-hr. rock
ing period. At the end of the period the bomb was allowed 
to cool and the unreacted olefin was collected in a series of 
trans cooled to —78°. Almost all of the unroaeted olefin was 
collected. Apparently, no reaction took place.
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Attempted Grignard reactions with CF2=CClMgI. The 
Grignard reagent was synthesized with IV on a 0.2M basis 
as described previously. The reagent was then allowed to 
react with 0.2/1/ quantities each of ethylene oxide, carbon 
dioxide, perfluorobutyronitrile, and lithium perfluoro- 
butyrate, respectively. However, no reaction product was 
isolated in each case.

Attempted reaction of CF-2CICFCII with S02. A 500-ml. 
stainless steel Parr bomb was sealed and checked for leaks 
by evacuating, sealing, and checking for loss of vacuum 
with a mercury manometer. About 160 g. (0.55 mole) of 
CF2C1CFC1I containing 0.1 g. of benzoyl peroxide was 
charged to the bomb. After cooling the bomb to —78° 
about 30 g. of sulfur dioxide was allowed to pass in. The 
bomb was then heated to 100° and left at this temperature 
over night. Distillation of the products from the bomb 
yielded only the starting CF2C1CFC1I.

Attempted Grignard formation with CF2CICFCII. About 23 
g. (0.2 mole) of CF2C1—CFC1 was added to 5 g. of mag
nesium covered with 100 ml. of tetrahydrofuran dried over 
sodium. The reaction was initiated in the usual way and the 
rest of the iodide was added dropwise over a 1-hr. period. 
The magnesium was consumed at the end of this period and 
a low boiling liquid had condensed in the trap attached to 
the reflux condenser. A molecular weight determination on 
this gave a value of 114, theory for CF2=CFC1 is 116. 
Hydrolysis of the reaction mixture with 20% sulfuric acid 
did not yield other products. Apparently the only reaction 
which had occurred was that of dehalogenation.

Attempted Grignard reaction with CF«=CHI. In an attempt 
to prepare the Grignard reagent, CF2=CHM gI, I was 
treated with an equivalent amount of magnesium in sodium 
dried diethyl ether. The reaction was run under conditions 
identical to those in which perfluorovinyl iodide, CF2=C FI, 
was shown to react quite rapidly.2 After a period of 16 hr., 
it was visibly evident that none or very little of the mag
nesium had reacted.

1.1- Difluoro-l-ch!oro-2-bromo-2-iodoethane (XVII). The 
preparation and purification of XVII was carried out with 
CF2==CHBr and IC1 in a manner similar to that previously 
described2 for the preparation of CF2C1—CFC1I. Yield 
83%, b.p. 70.5° (51 mm.); 139.5-140° (628 mm.); re2D° 
1.5229; d\° 2.5464.

Anal. Calcd. for C2HBrClF2I: C, 7.85; F, 12.44. Found: 
C, 7.9; F, 12.3.

1.1- Difluoro-2-bromo-2-iodoethylme (XVIII). About 30 g. 
of powdered potassium hydroxide suspended in 90 ml. of 
CF2C1—CFC12 was placed in a 100-ml. three-neck flask 
equipped with stirrer, dropping funnel, and reflux condenser. 
About 46 g. (0.15 mole) of XVII was added dropwdse to the 
above suspension in the course of an hour. Heat was main
tained as the reflux boiling point of CF»C1—CFC12. Stirring 
was continued for an additional 2 hr., after which the 
reaction products were decanted and stored over “Drierite.” 
Distillation of the products yielded 31.5 g. (78%) of XVIII 
with the following properties. B.p. 95.5° (622.5 mm.); n2D° 
1.5059; dl° 2.5837.

Anal. Calcd. for C2BrF2I: C, 8.93; F, 14.13. Found: C, 
8.81; F, 14.05.

Preparation of CF^=CBrMgI. About 4 g. (0.165 mole) of 
magnesium turnings and 43 g. of XVIII were reacted 
according to the procedure outlined for the preparation of 
CF2=CClMgI. Hydrolysis of the Grignard reagent with 4Ar 
sulfuric acid yielded a gas of molecular w-eight (Regnault 
method) of 145. Calcd. for CF2=C H B r is 143.

Reaction of CFo=CBrMgI with formaldehyde. The Grig
nard reagent was treated with formaldehyde in a manner 
similar to that described for the preparation of CF2=CC1- 
CH2OH. A vield of 20 g. (56%) of CF2=CBrCH2OH was 
obtained. B.p. 35.5-36° (5 mm.); n2D° 1.4469; d\° 1.8966.

Anal. Calcd. for C3H3BrF,0: C, 20.83; H, 1.73; F, 21.94. 
Found: C, 20.78; H, 1.88; F, 21.79.

Attempted reactions with CF^=CBrMgI. The Grignard 
reagent was allowed to react wuth solid carbon dioxide and

ethylene oxide, respectively. No reaction product was 
isolated in either case.

1 ,l-Difluoro-2-iodoethyl ethyl ether (XIX). Thirty grams of 
potassium hydroxide dissolved in 100 ml. of absolute ethanol 
was placed in a 300-ml. three-neck flask fitted with a reflux 
condenser, stirrer, and dropping funnel. Under reflux, 68 g. 
(0.3 mole) of II was added during a period of 30 min. The 
heat generated from the reaction was sufficient to maintain 
refluxing of the alcohol. Stirring was continued for an addi
tional 2 hr. The product being unstable produced some free 
iodine in solution.

Water was added to the ethanol solution and two layers 
formed were separated, washed, and dried over sodium sul
fate.

Distillation on the platinum-spiral Todd column showed 
that everything except a small amount of very high boiler 
distilled at 62.1° (59 mm.). 54 g. (76.5%) of XIX was ob
tained, b.p. 62.1° (59 mm.); n2D° 1.4520; d\° 1.794.

This ether is a strong lachrymator and very unstable to 
light.

Further proof of its structure w'as established by hydro
lyzing this ether to the known ester, CH2ICOOCH2CH3, 
b.p. 73-74° (16 mm.); 1.5043. Beilstein reports a b.p.
73° (16 mm.) and nSf s 1.5079.

l,l-Difluoro-2-chloro-2-iodoethyl ethyl ether (XX). About 
52 g. of III was added dropwise to 100 ml. of 12% ethanolic 
potassium hydroxide in a manner similar to that described 
for the preparation of XIX. Distillation of this compound 
at 20 mm. gave 16 g. (30%) of product boiling at 66-67°. 
The compound was quite lachrymatory and liberated iodine 
on standing. The iodine color was removed by shaking the 
compound with a few drops of mercury and physical proper
ties were immediately determined. n2D° 1.4760; 1.885.

The hydrolysis of C2H50CF2CHC1I was carried out in the 
following manner. About 16 g. of XX was charged to a 150- 
ml. three-neck flask provided with a stirrer, reflux condenser, 
and a dropping funnel. Stirring was started and 50 ml. of 
90% sulfuric acid wTas added dropwise. After the addition 
of the sulfuric acid was completed the mixture was heated 
at 95° on a water bath and stirred for an additional hour. 
A white solid w'hich was silicon dioxide was found in the 
water trap attached to the reflux condenser indicating that 
the CF2 group wras being hydrolyzed.

The reaction mixture was then poured into 200 ml. of 
water. Extraction of the aqueous mixture with ether was 
followed by extraction of the ether with 5% sodium hy
droxide solution. Neutralization of the aqueous solution was 
followed by ether extraction. Evaporation of the ether solu
tion left about 3 g. of solid. Recrystallization from cyclo
hexane gave a white solid melting at 89.5-90° (Willstatter13 
reports an m.p. of 90° for CHC1IC02H).

The ether solution which should contain the ester, CHC1I 
—C02C2H5 was treated with anhydrous ammonia. Evapora
tion of the ether left a solid -which was recrystallized from 
cyclohexane. M.p. 140° (literature13 reports 140° for 
CHC1I—CONH2).
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(13) R. Willstatter and H, F. Hattenroth, Ber., 37, 1775 
(1904).
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There is described a reaction between an alcohol and an allyl ether or allyl alcohol which provides a simple one-step syn
thesis of allyl ethers. The catalysts used are mercuric salts of strong acids, or combinations of mercuric salts such as mer
curic acetate with strong acids. Several modifications of this reaction are described; yields range from about 50% to near- 
quantitative. A possible reaction scheme is proposed.

In a recent publication we described the reaction 
of a vinyl ether, CH2= C H —OR, with an alcohol, 
R ' OH, in the presence of a weak acid salt of mercury 
to effect a vinyl transfer, leading to a new vinyl 
ether, CH2= C H —OR', and ROH. I t  was postu
lated that this reaction proceeded through a sym
metrical intermediate, labile to weak acid, of the 

RO
form %CHCH2HgX, which could break down 

R'CK
either to starting material or to products, thus ex
plaining the equilibrium character of this reaction.

A second type of symmetrical intermediate, 
closely analogous to that above, but one which is 
derived from the allyl ether system, was then con
ceived. This postulated intermediate was ROCH2- 
CHCH2OR', expected to be labile to strong acid,

HgX
which would make possible a reaction of allyl 
transfer. We now report the successful confirmation 
of this prediction by the discovery of novel methods 
of preparation of allyl ethers.

The reactions studied were the following:

CH2=CHCH2OR +  R'OH %=±1
CH2=CRCH2OR' +  ROH (1)

CH2=CHCH2OH +  ROH — >-
CH^CHCH.OR +  H20  (2)

A third reaction,

(CH2=CHCH2)20 +  2ROH —h»-
2CH2=CHCH20R  +  H20 (3)

was also studied separately since allyl ether is 
readily available and is a convenient source of 
allyl goups. In detail, it is most probably a com
bination of the first two reactions. Thus it may 
proceed by formation first of the desired alkyl allyl 
ether and allyl alcohol, then by reaction of allyl 
alcohol as in (2).

(1) For the previous paper in this series, see, W. H. 
Watanabe,./. Am. Chem. Soc., 79, 2833 (1957).

(2) Presented at the 133rd Meeting of the American 
Chemical Society, San Francisco, Calif., April 15, 1958.

(3) Present address, Shawinigan Resins Corp., Springfield, 
Mass.

Catalysts. For the three reactions, certain mer
curic salts of strong acids, or mercuric salts in the 
presence of strong acids, were specific catalysts. 
No other inorganic salts that were tested, either 
in the presence or absence of strong acid, nor strong 
acid alone, proved to have catalytic activity when 
used at the concentrations at which the mercuric 
salts were effective. Neither reaction (1) nor the 
modification (3) have hitherto been reported in 
the literature. Reaction (2), however, is a known 
method for the preparation of allyl ether,4 but 
large amounts of strong acids are required; and in 
the one reported case in which a metal was used 
(cuprous chloride, with hydrochloric acid, ammo
nium chloride, and copper metal5), the concentration 
of catalyst used was greater than that required of 
the mercuric salts. Thus the cuprous salt was used 
at about 0.2 mole per mole of allyl alcohol, whereas 
in this work mercuric salt on the order of 0.01- 
0.05 mole per mole of allyl compound was sufficient. 
Since in reactions (2) and (3) inactivation of 
catalyst through reduction to metallic mercury 
occurred rapidly, this amount was usually added 
in several increments.

A survey of a variety of mercuric salt or mercuric 
salt-acid combinations showed mercuric acetate- 
boron trifluoride etherate in equimolar combination 
to give the cleanest reaction and best yields. This 
combination was therefore used as our catalyst of 
choice throughout the reaction study. Interestingly, 
mercuric bromide or mercuric phosphate, although 
salts of strong acids, were not found to be active.

Reaction Conditions. Reaction (!) was effected 
simply by mixing the reactants, adding catalyst, 
and distilling off the new allyl ether. This technique, 
is, however, highly restricted, since most of the 
alkyl allyl ethers with alkyl groups containing 
more than four carbon atoms have boiling points 
very close to those of their parent alcohols, and 
separation of the allyl ether from the alcohol by 
distillation is exceedingly difficult. When this 
method is possible, however, the \deld is high.

Reactions (2) and (3) avoid this limitation, 
since they may be driven to completion either by

(4) Senderson, Conrpt. rend., 181, 699 (1925); E. Moffett,
J . Am. Chem. Soc., 56, 2009 (1934).

(5) P. Kurtz, Ann., 572, 23 (1951).
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removal of water or by removal of the product if 
it is lower-boiling than the water-allyl alcohol or 
water-solvent azeotrope. The general method used 
was to mix the reactants, add catalyst and a sol
vent such as benzene, which forms an azeotrope 
with water, and reflux the mixture through a 
continuous water separator. The progress of the 
reaction could be followed by the appearance of 
water, and increments of catalyst were added when 
necessary. Yields by this method were on the order 
of 50%. Typical results are given in Table I.

TABLE I
Yields in the P reparation of Allyl Ethers

Allyl Ether 
Prepared From

Allylating
Agent

Reac
tion

Yield,
%

Methyl alcohol Allvl ethvl ether 1 85
Methvl alcohol Allyl alcohol 2 94
Methyl alcohol Allvl ether 3 67
Allyl alcohol Allyl alcohol 2 46
w-Butyl 'alcohol Allvl alcohol 2 55
n-Octadecyl alco- Allyl alcohol 2 47

hoi
n-Octadec3d alco- Allyl ether 3 71

hoi
Cyclohexanol Allyl alcohol 2 42
Cyclohexanol Allvl ether 3 58
Benzyl alcohol Allyl alcohol 2 51

Discussion. While no detailed study of mech
anism was undertaken, we consider it probable that, 
as in the vinyl transfer reaction,6 these allyl 
transfer reactions occur by reversible alkoxymercu- 
ration. The over-all reactions may be:

CH2=CHCH2OR +  It'OH +  HgX2

CH2= C H C H 2O R ' +  P.OH +  HgX,

fact that mercuric acetate alone is ineffective.
Catalyst decomposition, which is marked when 

R = H, appears to be associated with the forma
tion of acrolein and the reduction of the mercuric 
salt to free mercury, and thus probably arises from 
the normal addition intermediate (I).

E X P E R I M E N T A L

Since some toxic material, presumed to be acrolein, is 
liberated as a by-product when allyl alcohol or allyl ether 
are used as allylating agents, it is recommended that these 
reactions be carried out in a hood.

Catalytic studies. One mole of allyl alcohol was refluxed 
for a minimum of 1 hr. with 1.0 g. or more of the metal salt 
through a Dean-Stark continuous water separator. If water 
collected in the separator, the salt was considered active; 
of no water formed, the reaction mixture was cooled, 0.5-
1.0 g. concentrated sulfuric acid was added, and reflux 
resumed. If no water formed within 1 hr., the salt was con
sidered inactive. By this test the following salts were 
inactive: nickel bromide, nickel sulfate, cobalt acetate, 
cadmium acetate, zinc acetate, manganous chloride, alumi
num chloride, and antimony trichloride. Cuprous chloride 
alone, or in the combination used by Kurtz, was not active 
at the concentration tested. Mercuric salts which were in
active included mercuric acetate, mercuric benzoate, mer
curic bromide, mercuric phosphate, and crystalline mercuric 
sulfate. Finely ground mercuric sulfate, mercuric acetate 
plus sulfuric acid, mercuric acetate plus boron trifluoride 
etherate, and mercuric oxide plus boron trifluoride all showed 
high activity.

A comparison of mercuric acetate-sulfuric acid and mer
curic acetate-boron trifluoride etherate showed the latter to 
be preferable: in 10 hr., 11.5 g. mercuric acetate with 3 g. 
of sulfuric acid in 3 moles allvl alcohol gave a 53% con
version to allyl ether and a 97% conversion to metallic mer
cury; in 3 hr., 11.5 g. mercuric acetate with 3 g. boron tri- 
fluoride (20% in ether) in 3 moles allyl alcohol gave a 63%

XHgCHjCHCH2OR +  HX

OR' I

I'OCHoCHCHoOR +  HX
I

HgX II

The normal direction of addition would be expected 
to be in the sense of (4a),7 but such additions are 
reversible in strong acid8 and it is necessary only that 
a small proportion of reaction pass through (II) for 
allyl transfer to occur.9 The requirement that strong 
acid be generated or be added in order to cause allyl 
transfer is experimentally substantiated by the

(6) W. H. Watanabe and L. E. Conlon, J. Am. Chem. 
Soc., 79, 2828 (1957).

(7) E. Biilmann, Ber., 33, 1642 (1900); J. Sand and K. A. 
Hofmann, Ber., 33, 1359 (1900); K. A. Hofmann and J. 
Sand, Ber., 33, 2700 (1900).

(8) R. Adams, F. L. Roman, and W. N. Sperry, J. Am. 
Chem. Soc., 44, 1781 (1922); for further references see J. 
Chatt, Chem. Revs., 48, 7 (1951).

(9) A splitting of allyl ether to allyl alcohol in the pres
ence of water, nitric acid, and mercuric acetate is implied 
in the results of R. K. Summerbell, G. Lestina, and H. Waite, 
J. Am. Chem. Soc., 79, 234 (1957). This would be the case 
where R = CH.p=CHCH2 and R ' =  H in the mechanism 
above.

conversion to allyl ether and 82% conversion to metallic 
mercury.

Preparation of allyl methyl ether. Further catalyst studies. 
This is an example of reaction (1). To a mixture of 34.4 g. 
(0.4 mole) allyl ethyl ether and 51.2 g. (1.6 moles) methyl 
alcohol (boiling point of mixture 56.8°) was added 3.83 g. 
(ca. 3 mole % on ether) mercuric acetate and 1.0 g. (ca. 
90 mole % on mercury) concentrated sulfuric acid, and the 
mixture brought to reflux. After 40 min. the vapor tempera
ture had settled at 42.8°. Careful fractionation over a 4-hr. 
period produced 26.4 g. material, b.p. 42.8-43.5°, ra2D3 
1.3729, 92% pure by bromine number, giving a yield of 85%. 
During this distillation the cloudy precipitate originally 
present in the reaction mixture slowly turned orange-red 
and remained as such throughout the fractionation. No 
metallic mercury was formed.

A portion of this product was carefully treated with 
phosphoric anhydride at room temperature until reaction 
ceased, and fractionally distilled: b.p. 42-42.3°, n2D3 1.3759 
(lit.,10 b.p. 42.5-43°, n2D3 1.3778-1.3803), d25 0.7568.

(10) J. C. Irvine, J. L. A. Macdonald, and C. W. Soutar, 
J. Chem. Soc., 107, 337 (1915).
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Anal.11 Calcd. for CdlgO: C, 66.63; H, 11.18. Found: 
C, 66.71; H, 11.22.

Continued distillation of the residue from the original 
preparation gave a 92% recovery of excess methyl alcohol 
and a 57% yield of ethyl alcohol.

To an identical mixture of allyl ethyl ether and methyl 
alcohol, only the mercuric acetate was added and reflux 
carried out for 1 hr. The boiling point remained at 56.8°. 
When 1.0 g. sulfuric acid was added, reaction occurred, as 
in the above example. Another such mixture of allyl ethyl 
ether and methyl alcohol was refluxed for 2 hr. with 1.0 g. 
sulfuric acid alone, but no reaction occurred. Reflux for an 
additional 3 hr. after the addition of 1.0 g. boron trifluoride 
etherate similarly gave no reaction. Upon addition of 1.9 g. 
mercuric acetate, reaction occurred, giving allyl methyl 
ether (n2 *D5 1.3730) with less than 1 hr. reflux. Reflux of 
another such mixture, of allyl ethyl ether and methanol with 
4 g. of 0.72M  sodium methoxide in methanol for 1.2 hr. 
gave no reaction.

Examples of reaction (2). Preparation of allyl cyclohexyl 
ether. A mixture of 99 g. (1 mole) cvclohexanol, 70 g. (1.2 
moles) allyl alcohol, 57 g. benzene, 1.5 g. of 45% solution 
of boron trifluoride in ether, and 4.6 g. (0.04 mole) mercuric 
acetate was heated under reflux, and the reflux condensate 
collected in a Dean-Stark water separator. After reflux for 
1 hr., 1.6 g. of the boron trifluoride solution and 4 g. mer
curic acetate were added and reflux continued for an addi
tional 2 hr. The reaction mixture was then flash-distilled at 
0.1 mm. into a receiver cooled with Dry Ice-acetone, and the 
distillate washed four times with 50 ml. portions of water, 
dried, and fractionated. An 86.2 g. yield of material, b.p.
81-89 °/36-37 mm., found by bromine number analysis to 
be 84% pure, was obtained. The yield was thus 42% based 
on cvclohexanol. The crude product was dissolved in an 
equal volume of benzene, 5 g. boric acid added, and azeo
tropic distillation carried out until no further water sepa
rated out. The pure allyl cyclohexyl ether was then obtained 
by fractional distillation: b.p. 81-83.5°/38-39 mm., ra2D5 
1.4483, d25 0.8830.

Anal. Calcd. for C9Hi60: C, 77.09; H, 11.50. Found: C, 
76.51; H, 11.49.

(11) Microanalyses by Mr. C. W. Nash and associates.

By essentially identical procedures allyl ether was prepared 
in 46% yield: b.p. 94-94.8°, n2D5 1.4134, d25 0.8027.

Anal. Calcd. for C6H10O: C, 73.43; H, 10.27. Found: 
C, 73.43; H, 10.13.

The same method gave allyl n-butyl ether, b.p. 64-65°/120 
mm., n2D5 1.4029, d25 0.7794 (lit.12 * * * b.p. 117.8-118°/763 mm., 
n2D° 1.4057, d20 0.7829), in 55% yield.

The same method gave allyl octadecyl ether in 47% yield: 
b.p. 146-153°/0.15-0.20 mm., m.p. 26-27°.

Anal. Calcd. for C,iH420 : C, 81.21; H, 13.63. Found: C, 
81.10; H, 13.62.

Allyl benzyl ether -was also prepared in 51 % yield by this 
method: b.p. 71-71.5°/5 mm., w2D5 1.5052, d25 0.9548.

Anal, Calcd. for CMHi20: C, 81.04; H, 8.16. Found: C, 
81.43; H, 8.60.

Example of reaction (3). The preparation of allyl octadecyl 
ether. A solution of 135 g. (0.5 mole) n-octadecyl alcohol in 
85 g. benzene was prepared and in this solution there were 
dissolved, in order, 46.6 g. (0.4 mole) allyl ether, 2.0 g. 
mercuric acetate, and 1.0 g. of a 45% solution of boron tri- 
fluoride in ether. The solution was heated under reflux, and 
the condensate led through a continuous water separator. 
After 3 hr., 3 g. of an aqueous layer had separated and the 
solution had turned quite dark. An additional 2.0 g. mercuric 
acetate and 1.0 g. boron trifluoride solution were added and 
reflux continued until another 1.5 g. of an aqueous layer 
had separated.

In order to remove unreacted alcohol, 5 g. boric acid was 
next added and reflux resumed until no further water ap-1- 
peared. The reaction mixture was then stripped by heating 
to 97° under 0.35 mm. pressure, and the residue then frac
tionally distilled to give 110.2 g. allyl octadecyl ether, b.p. 
146-152°/0.30 mm., a yield of 71% based on octadecyl 
alcohol.

A c k n o w le d g m e n t— W e  w ish  to  a c k n o w le d g e  th e  
te c h n ic a l a ss is ta n c e  o f M r . C h a r le s  D . S tills  in  a  
p o rtio n  of th is  w o rk .

(12) E. A. Talley, A. S. Hunter, and E. Yanovsky, J. Am.
Chem. Soc., 73, 3528 (1951).

P h i l a d e l p h i a , P a .

[ C o n t r i b u t i o n  f r o m  t h e  C h e m i c a l  L a b o r a t o r i e s  o f  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ]

R e a c t i o n s  o f  S u c c i n y l  D i c h l o r i d e  w i t h  O r g a n o m e t a l l i c  R e a g e n t s 1

JAMES CASON a n d  ELMER J. REIST

Received May 20, 1958

The reaction of diethylcadmium with succinyl dichloride gives no 3,6-octanedione but yields instead y-ethyl-y-caprolac- 
tone, succinic anhydride, and both pseudo and normal ethyl esters of -y-ketocaproic acid. These products are showm to be 
consistent with the view that succinyl dichloride is a normal open-chain structure, but y-ketocaproyl chloride is a cyclic 
structure (y-chloro-y-caprolactone). The reaction of ethylmagnesium bromide with succinyl dichloride also yields products 
consistent with the above-cited structures. Although the cadmium reaction with succinyl dichloride appears of no value 
for practical preparative purposes, the Grignard reaction with this dichloride furnishes a useful synthesis of y-keto acids. 
The mechanism of the Grignard reaction wuth acid chlorides in presence of ferric chloride is discussed, and it is suggested 
that the key step involved, which leads to high yields of ketones, is extraction of halogen from the acid chloride by ferric 
chloride.

I ii v ie w  o f re c e n t e v id e n c e 2 t h a t  s u c c in y l d i

l l )  This investigation was supported in part by a research 
grant (E-86) from the National Institutes of Health, U. S. 
Public Health Service. A part of these data was presented 
at the 127th meeting of the American Chemical Society, 
Cincinnati, Ohio, March 30, 1955.

(2) J. Cason and E. J. Reist, J. Org. Chem., 23, 1492
(1958).

ch lo r id e  e x is ts  as  th e  n o rm a l o p e n -ch a in  d ia c id  
d ich lo r id e  a n d  t h a t  y -k e to  a c id  ch lo r id e s  e x is t  a t  
ro o m  te m p e ra tu re  a s  c y c lic  s tr u c tu r e s  (y -c h lo ro - 
y - la c to n e s ) , it  is o f in te re s t  to  d e te rm in e  w h e th e r  
th e  re a ctio n s  o f s u cc in y l d ich lo r id e  w ith  G r ig n a rd  

a n d  c a d m iu m  re a g e n ts  y ie ld  p ro d u c ts  c o n sis te n t 

w ith  su ch  s tru c tu re s . T h e s e  re a g e n ts  a re  s e le c te d



NOVEMBER 1958 REACTIONS OF SUCC1NYL BICHLORIDE 1669

b e cau se  th e  G r ig n a rd  re a g e n t is  b e lie v e d  to  re a c t  
w ith  a n  a c id  ch lo r id e  b y  a d d it io n  to  c a r b o n y l,3 
w h erea s  th e  ca d m iu m  re a g e n t is b e lie v e d 4 to  re a c t  
b y  in it ia l  e x tr a c t io n  of ch lo r in e  fro m  th e  a c id  
ch lo rid e. O f fu r th e r  in te re s t  is th e  re a c tio n  o f sue- 
c in y l d ich lo r id e  w ith  th e  G r ig n a rd  re a g e n t in  th e  
p re se n ce  o f  a n h y d r o u s  fe rr ic  ch lo rid e. T h is  re 
a c tio n  h a s  b een  r e c e n tly  d e m o n s tra te d 6’6 to  c o n 
s t itu te  a n  e ffe c tiv e  p re p a ra tio n  o f k e to n e s, a n d  
c e rta in  p ro p o sa ls  co n ce rn in g  th e  m e ch a n ism  of th e  
re a c tio n  h a v e  b e en  p re se n te d . E x a m in a tio n  of th ese  
re a ctio n s  o f s u c c in y l d ich lo r id e  is  th e  s u b je c t  o f th e  
p re se n t re p o rt.

R e a d io y is  w ith  d ie th y ¡c a d m iu m .  A c c o rd in g  to  
th e  m e ch a n ism  w h ic h  h a s  b e e n  d e sc r ib e d 4 fo r  r e 
a c tio n  o f a  ca d m iu m  re a g e n t w ith  a n  a c id  ch lo rid e, 
th e  in itia l re a c tio n  p ro d u c t  fro m  s u c c in y l d i
ch lo r id e  w o u ld  b e  th e  c y c lic  a c y lo n iu m  ion  re p re 
s en ted  in  tw o  re so n a n ce  fo rm s  in  I. A t t a c k  b y  th e

/ / \ /
7H2—C CH— +C CH2—C

\ \ \
o -<--> 0 0

/ /
7H2—C + CH2----C c h 2—c

\ \ \
0 0 0

la lb II, A = Cl
III, A = CAT
IV, A = OC2H5

ca rb a n io n  fro m  th e  ca d m iu m  re a g e n t (or b y  som e 
o th e r sp ecies  e q u iv a le n t  to  th e  ca rb a n io n ) a t  th e  
p o sitio n  o f th e  ch a rg e  in  fo rm  l b  w o u ld  y ie ld  th e  
c y c lic  fo rm  (II)  o f y -k e to c a p r o y l ch lo rid e. A t t a c k  
a t  th e  p o sitio n  o f ch a rg e  in  fo rm  l a  w o u ld  y ie ld  th e  
o p en -ch a in  fo rm  of y -k e to c a r p r o v l ch lo rid e; h o w 
e v e r , th is  h a s  b een  s h o w n 2 to  c y c liz e  r a p id ly  a t  
ro o m  te m p e ra tu re  to  th e  c y c lic  fo rm , I I .  S in ce  th e  
c a d m iu m  re a g e n t re a c ts  r e la t iv e ly  s lo w ly  w ith  
a c id  ch lo r id es  a t  ro o m  te m p e r a tu r e ,7 i t  fo llo w s 
th a t  th e  u lt im a te  p ro d u c t  o f th e  re a c tio n  w ith  
d ie th y lc a d m iu m  sh o u ld  b e  y -e th y l-y -c a p r o la c to n e
( I I I ) ,  a ris in g  fro m  re a c tio n  o f I I  w ith  d ie th y l
ca d m iu m . E x a m in a tio n  o f th is  re a c tio n  h a s  in 
d e e d  sh o w n  t h a t  n o n e  o f th e  p ro d u c t  e x p e c te d  
(3 ,6 -o cta n ed io n e) fro m  th e  n o rm a l d ia c id  d ic h lo 
rid e  s tru c tu re  co u ld  b e  iso la ted , w h ile  y - e t h y l- y -  
c a p r o la c to n e  w a s  o b ta in e d , a lth o u g h  in  y ie ld s  of 
o n ly  1 3 - 1 5 % .

T h e  p ro d u c t  o b ta in e d  in  la rg e s t a m o u n t (2 0 -4 5 %  
y ie ld s)  fro m  re a c tio n  o f d ie th y lc a d m iu m  w ith  
s u c c in y l d ich lo r id e  w a s  e th y l y -k e to c a p ro a te , 
is o la te d  as a m ix tu re  o f th e  n o rm a l o p en -ch a in  
e ste r  a n d  c y c lic  p seu d o  este r, I V . E s te r  fo rm a tio n

(3) C. E. Entm ann and J. R. Johnson, Am. Chan. 
Soc., 55, 2900 (1933).

(4) J. Cason, ./. Org. Chan., 13, 2'27 (1948).
(5) W. C. Pereival, R. B. Wagner, and N. C. Cook, J. 

Am. Chan. Soc., 75, 3731 (1953).
(6) R. T. Morrison and M. Wishman, J. Am. Chan. Soc., 

76, 1059 (1954).
(7) J. Cason, J . Am. Chan. Soc., 68, 2078 (1946).

in  th e  c a d m iu m  re a c tio n  h a s  b e en  d e m o n s tra te d 8 
to  re s u lt  fro m  re a c tio n  o f th e  a c id  ch lo r id e  w ith  
e th e r  in  p re se n ce  of th e  L e w is  a c id s  in  th e  re a c tio n  
m ix tu re ; h o w e v e r , w h e n  as m u c h  e th e r  as  p o ssib le  
is d is tille d  a fte r  fo rm a tio n  o f th e  c a d m iu m  re a g e n t 
a n d  th e  re a c tio n  w ith  th e  a c id  ch lo r id e  is  ca rried  
o u t  a fte r  a d d it io n  of b e n ze n e  (as w a s  th e  ca se  in  
th e  p re se n t w o r k ) , e ste r  fo rm a tio n  is o rd in a r ily  o f 
th e  o rd er o f m a g n itu d e  o f  5 % .  T h e  la rg e  a m o u n t 
o f e ste r in  th e  p re se n t in sta n c e  co u ld  a rise  fro m  an  
u n e x p e c te d ly  h ig h  o rd e r of r e a c t iv i t y  o f th e  
c y c lic  a d d  ch lo rid e, I I ,  w ith  e th e r ; h o w e v e r , th is  
w a s  fo u n d  to  b e  n o t  th e  case. A  c a d m iu m  re a c tio n  
w ith  y -k e to c a p r o y l ch lo r id e  y ie ld e d  o n ly  6 %  or 
less of e t h y l  y -k e to c a p ro a te  a n d  a b o u t  1 7 %  o f 
la c to n e  I I I .  S in ce  a b o u t 2 0 %  r e c o v e r y  o f y -  
k e to c a p ro ic  a c id  w a s  re a lized  fro m  th e  re a c tio n , it  
w o u ld  a p p e a r  t h a t  a c id  ch lo r id e  I I  is r e la t iv e ly  
in e rt  to w a rd s  re a c tio n  w ith  e ith e r  e th e r  o r th e  
c a d m iu m  re a g e n t, in  lin e  w ith  e x p e c ta tio n s  a ris in g  
fro m  s ter ic  co n sid e ra tio n s  a n d  th e  s tru c tu re  I I .

In  th e  h o p e  t h a t  th e  b u lk ie r  d i-n -b u ty l e th e r  
w o u ld  re d u ce  th e  y ie ld  of e ste r, on e re a ctio n  b e 
tw e e n  s u c c in y l d ich lo r id e  a n d  d ie th y lc a d m iu m  
w a s  ca rried  o u t  in  t h a t  e th e r  as s o lv e n t. I n  th is  
in sta n ce , th e  y ie ld  o f n -b u ty l  y - k e to c a p r o a te  p ro v e d  
to  b e  a b o u t 4 0 % , a n d  th e  y ie ld  of la c to n e  I I I  
d ro p p ed  to  a b o u t  5 % . T h e  h ig h e r y ie ld  o f b u t y l  e ste r 
m a y  b e  a sc rib e d  to  th e  fa c t  t h a t  th e  e th e r  w a s  sole 
so lv e n t  fo r  th e  re a ctio n , w h e re a s  b e n ze n e  w a s  th e  
p r in c ip a l so lv e n t  in  re a ctio n s  u t iliz in g  d ie th y l 
e th er.

S in ce  a c id  ch lo r id e  I I  is  u n re a c tiv e  to w a rd s  e th e r 
in  p re se n ce  o f th e  ca d m iu m  re a g e n t, n o  h ig h  o rd er 
o f r e a c t iv it y  w o u ld  b e  e x p e c te d  fo r  th e  c y c lic  ion, 
I. T h e  o n ly  ra tio n a le  w h ich  a p p e a rs  a b le  to  a c c o u n t 
fo r  th e  h ig h  ra tio  o f e ste r  is  a c y c lic  tra n s it io n  
s ta te  in v o lv in g  su c c in y l d ich lo rid e . T h e  d r iv in g  
fo rce  b e h in d  a  re a c tio n  in v o lv in g  su ch  a  tra n s itio n  
s ta te  w o u ld  b e  th e  lo w e r e n e r g y  o f c y c lic  p ro d u c ts  
w ith  fiv e -a to m  rin gs a n d  d is tr ib u tio n  o f steric  
in te rfe re n ce s  b e tw e e n  tw o  ce n te rs  o f re a ctio n . 
A  fo rm  su ch  as V  w o u ld  y ie ld  th e  p ro d u c t, V I , 
w h ich  is a  c y c lic  s tru c tu re  fo r  a n  e ste r  a c id  ch lo rid e, 
a  fo rm  n o t e n co u n te re d  in  a  ra th e r  ca re fu l in v e s t i
g a tio n  of su ch  co m p o u n d s.9 A n  in te rm e d ia te  su ch  
as V I  w o u ld  b e  e x p e c te d  to  e ith e r  lo se  e th y l 
ch lo rid e  to  y ie ld  su ccin ic  a n h y d r id e  o r re a c t w ith  
th e  c a d m iu m  re a g e n t to  g iv e  th e  p seu d o  ester,
I V . S u c c in ic  a n h y d r id e  w a s  iso la te d  fro m  th e  
re a c tio n  in  1 5 %  y ie ld , a n d  th e  e th y l y -k e to c a p ro a te  
w a s  s o m e w h a t less th a n  o n e -h a lf p seu d o  ester, 
re co g n ize d  b y  its  in fra re d  a b so rp tio n  a t  5 .64 n  
a n d  b y  th e  h ig h  in d ex  o f re fra ctio n  o f th e  e ste r  
fro m  the. c a d m iu m  rea ctio n . S in ce  p seu d o  e ste r  is 
re a rra n g e d  to  n o rm a l e ste r w ith  a c id  c a ta ly s is ,10

(8) J. Cason, Chan. Revs., 40, 15 (1947).
(9) J. Cason and R. D. Smith, J. Org. Chem., 18, 1201

(1953).
(10) D. P. Langlois and H. Wolff, J. Am. Chem. Soc., 70, 

2624 (1948).
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iso la tio n  o f n o rm a l e ste r  w o u ld  b e  e x p e c te d  on 
a c c o u n t  o f L e w is  a c id s  in  th e  re a c tio n  m ix tu re ; 
h o w e v e r , p resen ce  of a n y  p su ed o  e ste r  m u st b e  
in te rp re te d  a s  e v id e n c e  of its  fo rm a tio n  in  th e  
in itia l re a ctio n . F o r  co m p ariso n  p u rp o ses, a  m o d i
fica tio n  o f th e  p ro ce d u re s  of L a n g lo is  a n d  W o lf f 10 

w a s  u sed  to  p re p a re  th e  p seu d o  e ste rs  o f b o th  
le v u lin ic  a n d  7 -k e to ca p ro ic  ac id s.

C2H6

C2H5—O
) Cl

c h 2— c
I AI C o
CH2—C—Cl- - -Cd(C2H5)2

O
V

OC2H6
I

CH2—C—Cl 
\  

o
/

CH2—c
\

o
VI

-C îH sCl

I  Cd(C,H .)«

IV

o
/ '

CH.—C
\

o

CH:—C 
\  

o

T h u s , th e  a v a ila b le  in fo rm a tio n  co n cern in g  th e  
h ig h  ra t io  o f e ste r  fo rm a tio n  fro m  s u c c in y l d ic h lo 
rid e  m a y  b e  co rre la te d  o n  th e  b a sis  o f a  c y c lic  t r a n 
s itio n  s ta te  su ch  a s  V , in  w h ic h  th e re  m a y  b e  in 
v o lv e d  o th e r  L e w is  a c id s  th a n  th e  o rg a n o ca d m iu m  
re a g e n t (b o th  ca d m iu m  c h lo rid e  a n d  m a g n e siu m  
h a lid e s  a re  p re se n t in  th e  re a c tio n  m ix tu re s). 
S u c h  a  tra n s it io n  s ta te  w o u ld  b e  e x p e c te d  to  b e  less 
fa v o r e d  in  th e  case  o f g lu ta r y l  d ich lo r id e , w h e re  th e  
r in g  w o u ld  c o n ta in  six  a to m s, a n d  th is  b e h a v io r  
h a s  b e en  o b se rv e d  in  in v e s tig a tio n s  o f g lu ta r y l  
d ich lo r id e  (see fo llo w in g  p a p er).

R e a c tio n s  w ith  e th y lm a g n e s iu m  b ro m id e . T h e  
G r ig n a rd  re a c tio n  w ith  su c c in y l d ich lo r id e  g a v e  
s ig n ific a n tly  d iffe re n t ra tio s  o f  p ro d u c ts  u n d e r 
th re e  d iffe re n t co n d itio n s  in v e s tig a te d . T h e  p ro d 
u c ts  is o la te d  a re  su m m a riz e d  in  T a b le  I , in  w h ic h  
a re  a lso  in c lu d e d  fo r  co m p a riso n  th e  p ro d u c ts  o b 
ta in e d  fro m  th e  ca d m iu m  re a ctio n . T h e  s tr ik in g  
d ifferen ce  in  p ro d u c ts  a tte s ts  th e  d iffe re n t m e ch a 
n ism s o f th e se  tw o  re a ctio n s.

A lth o u g h  th e re  w ere  u sed  n e a r ly  tw o  m o les o f 
G r ig n a rd  re a g e n t p er m o le  o f s u c c in y l d ich lo rid e , 
i t  m a y  b e  n o te d  t h a t  th e  p rin c ip a l re a c tio n  p ro d u c t  
a t  0 ° is  7 -k e to c a p r o y l ch lo r id e , is o la te d  as 7 - 
k e to c a p ro ic  a c id  a fte r  h y d r o ly s is . Is o la tio n  o f th is  
p ro d u c t  is  a sc rib e d  to  th e  lo w  r e a c t iv i t y 11 o f  th e

(11) Recovery of 7-ketocaproyl chloride from the Gri
gnard reaction with succinyl dichloride, and failure to 
recover this acid chloride from the cadmium reaction, as 
reported in Table I, should not be interpreted as demon
strating a higher order of reactivity of the cadmium reagent 
towards an acid chloride. A recent investigation [J. Cason

TABLE I
Y i e l d s “  i n  R e a c t i o n s  o f  S u c c i n y l  D i c h l o r i d e  w i t h  

O r g a n o m e t a l l i c  R e a g e n t s

Compounds
Isolated

Yield6
from

Diethyl-
cadmium

Yield from Ethylmagnesium 
Bromide

0° 1 O 0 1 40°, FeCh

Ethyl 7-keto- 20-45% 4% — —
caproate

7-Ethyl-7- 13-15% 0% 4-10% 12%
caprolactone
(III)

7-Ketocaprovl --- 54% 8% 14%
chloride“ (II)

3,6-Oct.anedione“ — 3-7% 2-7% 23%
3-Ethyloctane- — — 13-19% —

3-ol-6-onee
“ Yield figures are approximate since they were deter

mined by isolation, and some of the isolations were trouble
some. A range is indicated where significant variations were 
observed in different runs. In some reactions, other uniden
tified fractions were isolated; cf. Experimental. 6 In one run, 
after solvent had been distilled from the product the residue 
was allowed to stand overnight before fractional distillation. 
There crystallized a 15% yield of succinic anhydride; after 
recrystallization, m.p. 119-120°, no depression on admixture 
with an authentic sample of succinic anhydride. In the 
other runs, this substance was probably hydrolyzed during 
the work-up. c Isolated as 7-ketocaproic acid, after hydrol
ysis. d Isolated as 2-methyl-3-ethyl-2-cyclopcntenone, after 
cvclization by alkali. e Isolated largely as the dihvdrofuran 
resulting from dehydration of the hemiacetal. The yield of 
this material in the —40° run was probably considerably 
higher than indicated, for considerable quantities of higher
boiling material were obtained, and the properties of this 
material indicated that it is a dimer of the dehydration 
product of the hydroxy ketone (c/. Experimental).

h a lo g e n  in th e  c y c lic  fo rm  (II)  to w a rd s  th e  G r ig n a rd  
re a g e n t, h e n ce  s lo w  co n v e rs io n  a t  0 ° t o  7 -e th y l-
7 -ca p ro la cto n e  ( I I I ) .  A  lo w  o rd e r o f r e a c t iv i t y  o f 
th e  c a rb o n y l g ro u p  in I I  is a lso  e x p e c te d  on  a c c o u n t 
o f th e  h ig h  y ie ld s  o f la c to n e s  o b ta in e d 12 in  re a c tio n  
o f  a  G rig n a rd  re a g e n t w ith  e t h y l  le v u lin a te . T h e  
in sig n ifica n t y ie ld  o f e th y l  y -k e to c a p r o a te  is co n 
s is te n t w ith  th e  h ig h  r e a c t iv i t y  o f th e  G rig n a rd  
re a g e n t (in co m p a riso n  w ith  th e  ca d m iu m  re a g e n t), 
w h ic h  re n d ers  d ie th y l e th e r  u n a b le  to  c o m p e te  
e ffe c tiv e ly  fo r  re a c tio n  w ith  a c id  ch lo rid e . T h is  is 
o b s e rv e d  in  a ll G rig n a rd  re a ctio n s  e x c e p t  th o se  w ith  
h ig h ly  h in d e re d  a c id  ch lo r id es  w h e re  e x tra c t io n  of 
h a lo g e n  b y  a  L e w is  a c id  b e co m es a  s ig n ific a n t re 
a c tio n  p a th .

T h e  sm a ll y ie ld  of 3 ,6 -o cta n e d io n e  (or its  fu r th e r  
re a c tio n  p ro d u c ts)  can  b e  ra tio n a liz e d  o n ly  o n  th e  
b a sis  t h a t  th e  in itia l p ro d u c t  o f  th e  G r ig n a rd  re-

and R. J. Fessenden, J. Org. Chem., 22, 1326 (1957)] has 
shown that the cadmium reagent is far less reactive than the 
Grignard reagent. The cadmium reaction reported in Table 
I was continued for 3 hours at 40° and for an additional 2 
hours under reflux in benzene solvent. Even under these 
conditions, when 7-ketocaproyl chloride was used as starting 
material in the reaction with diethylcadmium, 20% of it 
failed to react.

(12) J. Cason, P. B. Brewer, and E. L. Pippen, J. Org. 
Chem., 13, 239 (1948).
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action, VII, loses magnesium halide more rapidly 
than it reacts with another mole of Grignard 
reagent, and also the resultant y-keto acid chloride

Cl

C-H6—C—CH2—CH2—C—Cl
I II
OMgBr O

VII

closes to the y-chloro-y-lactone (II) more rapidly 
than it reacts with Grignard reagent. An alternate 
explanation that structure II is formed directly 
via a cyclic transition state such as A', wherein 
Grignard reagent takes the place of ether and 
magnesium halide takes the place of cadmium 
reagent, seems invalidated by the large drop in 
yield of acid chloride II when the temperature is 
lowered to —40°. This observation also renders 
unlikely the direct conversion of VII to II by dis
placement of halogen from the carbonyl group in
VII. Such an intramolecular reaction involving 
a five-atom ring would hardly be expected to have 
a higher energy of activation than reaction of the 
acid chloride with Grignard reagent.

The drop in yield of acid chloride II when the 
temperature is lowered to —40° can only be ascribed 
to this substance not being formed at the lower 
temperature, for it would certainly survive if 
formed. Acid chloride II may fail to form either 
because intermediate VII becomes stabilized at this 
temperature or because the open-chain y-keto- 
caproyl chloride reacts with Grignard reagent at 
— 40° more rapidly than it cyclizes. Since the latter 
seems unlikely on grounds cited in the preceding 
paragraph, intermediate VII probably survives 
for a sufficient time to allow reaction with additional 
Grignard reagent to give the dimagnesium deriva
tive. The dimagnesium derivative must lose mag
nesium halide at a significant rate at —40° to give
3,6-octanedione, for the major product of the low 
temperature reaction (in addition to a higher
boiling, unidentified fraction) is the keto alcohol 
resulting from further reaction of 3,6-octanedione.

Mechanism of the Grignard reaction in presence 
of ferric chloride. The only reaction reported in 
Table I which gives 3,6-octanedione as the major 
product is the low temperature Grignard reaction 
in presence of ferric chloride. The yield of dione is 
more than three times that obtained in absence of 
ferric chloride. Since none of the keto alcohol, from 
further reaction of the dione, could be isolated, it 
must be concluded that ferric chloride does not 
simply promote the Grignard reaction with a car
bonyl group, but rather that it has a specific effect 
in favoring reaction with an acid chloride. Previous 
investigators have suggested6 that the effect of 
ferric chloride arises from its participation in a 
cyclic transition state (VIII) of the type suggested 
by Swain and Boyles13 for reaction of a ketone with

(13) C. Cl. Swain and H. B. Boyles, J. Am. Chem. Soc.,
73, 870 (1951).

a Grignard reagent. An alternate suggestion5 dif-

FeCl3 
O

R—I)—X 
3 +
IX

fered somewhat, in that there was visualized an 
intermolecular reaction between the ferric chloride 
complex, IX, and a carbanion (or equivalent) from 
the Grignard reagent. These explanations have in 
common a failure to differentiate between carbonyl 
in an acid chloride and in other structures such as 
a ketone. Since our data show that ferric chloride 
promotes discrimination in favor of an acid chloride, 
a satisfactory mechanism must include this factor, 
and must also involve regeneration of ferric chloride 
which is used in catalytic amounts. A mechanism 
which seems consistent with the experimental ob
servations is that presented in the following equa
tions:

O O

R— Cl +  FeCh iZ V  R—d!+ +  -FeCh 
O O

R—(i+ +  R'MgX — > R—(!—R ' +  +MgX 
-FeCL, +  +MgX = =  FeCh +  MgXCl

This mechanism embodies the essential features of 
the mechanism proposed4 for reaction of the cad
mium reagents, except that ferric chloride func
tions as a stronger Lewis acid which will extract 
halogen at lower temperatures than those at which 
cadmium reagents are effective. The reality of this 
mechanism may be checked by investigation of a 
compound which gives rise to rearrangement if the 
acylonium ion is formed.9 I t has already been 
demonstrated9 that ferric chloride at room tempera
ture does promote rearrangement attributed to 
extraction of halogen from an acid chloride to give 
the acylonium ion. The only facts not established 
are reactivity of ferric chloride in this regard at 
— 40°, and ability of ferric chloride to compete with 
the Grignard reagent in reaction with an acid chlo
ride. Such an investigation is presently under way 
in these laboratories.

E X P E R IM E N T A L * 73 14

The pseudo methyl ester of levulinic acid was prepared for 
determination of its infrared spectrum. The procedure of 
Langlois and Wolff10 was used; however, the semicarbazone

(14) Melting points are corrected and boiling points are 
uncorrected. Distillations, unless otherwise specified, were 
through a half-meter column of the simple Podbielniak type 
which has been described in detail (J. Cason and H. Rapo- 
port, Laboratory Text in Organic Chemistry, Prentice-Hall, 
Inc., New York, 1950, pp. 237-243). Infrared spectra were 
recorded on a Baird double beam spectrophotometer. 
Microanalyses are by the Microanalytical Division, Depart
ment of Chemistry, University of California.

X

Iv-Ci^N h
+ II '-M g

FeCh
• \
! Cl

X
VIII
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of the normal ester could not be completely precipitated, 
even on addition of a large volume of ¿¡ethyl ether. Dis
tillation yielded a sample of pure pseudo ester, however, b.p. 
93-95°/15 mm., re2Ds 1.4330, single carbonyl band in the 
infrared spectrum at 5.64 y .  From the distillation residue 
could be isolated semicarbazone of the normal ester, m.p. 
175° (dec.).

Pseudo ethyl ester of y-kelocaproic acid. This ester was 
obtained in very poor yield when pyridine was used as base 
in the reaction; however, a satisfactory procedure using 
sodium carbonate was developed.

The acid chloride of y-ketocaproic acid was prepared from 
26 g. of acid by the procedure previously described.2 To a 
mixture of 60 ml. of absolute ethanol and 25 g. of anhydrous 
sodium carbonate, the acid chloride was added dropwise 
with vigorous shaking as the pH was held above 6 and the 
temperature was held below 30°. After the addition had boon 
completed during a 5-hr. period, shaking was continued for 
an additional hour, after which 100 ml. of ether was added. 
After removal of salt by filtration and of solvent by distil
lation, there was obtained a residue of 24.9 g. of crude 
ester. To this ester were added 40 ml. of absolute ethanol,
14.4 g. of semicarbazide hydrochloride and 12 g. of sodium 
acetate, then the mixture was shaken for 25 hr. After addi
tion of a large volume of dry ether the precipitated material 
was removed by filtration. Removal of solvent at reduced 
pressure from the filtrate left 16 g. of residue which was 
distilled to yield a product, b.p. 91-94°/9 mm., cloudy with 
a trace of inorganic material. After standing overnight, 
the clear supernatant liquid was decanted to give a colorless 
product, iPo 1.4400.

Anal. Calcd. for C8Hh0 3: C, 60.74; H, 8.92. Found: C, 
60.67; H, 8.76.

The infrared spectrum exhibited a single carbonyl band at 
5.64 y.

The normal ethyl ester of y-ketocaproic acid was obtained 
either by reaction of diethylcadmium with y-carbethoxy- 
butyryl chloride2 or by esterification of the keto acid with 
ethanol in presence of sulfuric acid; b.p. 92°/9 mm., n2D5 
1.4233. The infrared spectrum exhibited a single carbonyl 
band at 5.80 y.

Reaction of diethylcadmium with succinyl dichloride,15 (.4). 
In 425 ml. of anhydrous diethyl ether, there was prepared in 
the usual manner, under an atmosphere of nitrogen, a Gri- 
gnard reagent from 98 g. (0.90 mole) of redistilled ethyl 
bromide and 21.6 g. (0.90 g.-atom) of magnesium. The solu
tion of Grignard reagent was cooled to 0°, 90 g. (0.50 mole) 
of powdered anhydrous cadmium chloride was added in 
several portions during about 2 min., then the cooling bath 
was removed and the solution stirred 10 min. before it was 
stirred under reflux until a negative Gilman test for Gri
gnard reagent was obtained (usually about 30 min.). After 
a negative test for Grignard reagent had been obtained 
ether was distilled until rate of distillation became slow, then 
300 ml. of anhydrous thiophene-free benzene was added, 
and an additional 100 ml. of solvent was distilled. Finally, 
350 ml. of additional dry benzene was aeded and the solu
tion was cooled with stirring to 5 -14° with an ice bath. A 
solution of 50 g. (0.325 mole) of succinyl dichloride in 150 
ml. of benzene was added during about 2 min. The stirred 
mixture was allowed to warm to 38-40° and held at this 
temperature for 3 hr., after which it was heated under reflux 
for an additional 2 hr. After addition of ice and 12.Y sulfuric 
acid and extraction of the aqueous phase with benzene, the 
total benzene solution was washed with sodium carbonate 
solution twice and with water three times. Distillation 
from a Claisen flask of the material recovered from the 
benzene solution yielded 30.3 g. of colorless liquid, b.p. 
about 60°/l mm. Fractionation of this pioduct through the 
column at 9 mm. pressure yielded the fractions tabulated 
below:

(15) Succinyl dichloride used in reactions described in this 
paper was prepared by the method reported in ref. (2).

F rac- Weigh!, Boiling
1 ion g- Point »V

1 1.62 72-82° 1.4562
2 2.41 82-90° 1.4467
3 13.31 90-93° 1.4296
4 4.00 93-103° 1.4356
5 5.07 103.5-104° 1.4476
6 0.47 103.5° 1.4469

Fraction 3 gave an analysis in agreement with that of an 
ethyl ester of y-ketocaproic acid (center cut used for 
analysis).

Anal. Calcd. for C8Hii(h : C, 60.74; H, 8.92. Found: C, 
60.52; H, 8.93.

The infrared spectrum of frac. 3 exhibited two carbonyl 
bands, at 5.64 y  and at 5.80 y.  The index of refraction 
indicates somewhat less than 50% pseudo ester in the mix
ture. A semicarbazone, prepared by a common method16 
from frac. 3, had m.p. 106.0-106.5°; the semicarbazone of 
ethyl y-ketocaproate has been reported17 as melting at 
106°.

Fraction 6 (center cut. of frac. 5) gave an analysis in agree
ment with that of y-ethyl-y-caprolactone.

Anal. Calcd. for C$Hh0 2: C, 67.57; H, 9.92. Found: 
C, 67.32; H, 9.80.

The infrared spectrum of this fraction showed a single 
carbonyl band at 5.68 u, the expected position18 for a 
y-lactone. Frac. 5 was insoluble in water but dissolved in 
10% aqueous sodium hydroxide; acidification of the alkaline 
solution yielded starting material. A hydroxy liydrazide of 
the lactone was prepared from hydrazine by the procedure 
of Blaise19 20 * * and recrystallized from ethyl acetate to yield a 
white product of m.p. 75-76°.

Anal. Calcd. for C8HISN,G2: C, 55.14; H, 10.41; N, 16.08. 
Found: C, 55.6S; H, 10.11; N, 16.05.

The infrared spectrum of the hydroxy liydrazide, taken 
in a Nujol mull on account of insolubility in the common 
spectral solvents, exhibited a single carbonyl band at 6.10 y. 
Thus, the structure must be that of a hydroxy hydrazide, 
as has been reported by others,26 not the cyclic structure 
assumed by Blaise.19

In one run similar to that described above, solvent was 
removed from the benzene extracts and the residue was 
allowed to stand overnight. A crystallizate weighing 5 g. 
separated, and after recrystallization had m.p. 120°, no 
depression on admixture with an authentic sample of suc
cinic anhydride.

(B). To 4.32 g. (0.18 g.-atom) of magnesium and 50 ml. 
of anhydrous di-re-butyl ether, stirred under an atmosphere 
of nitrogen, there was added a solution of 19.6 g. (0.18 mole) 
of freshly distilled ethyl bromide in 50 ml. of di-re-butyl 
ether at such a rate (about 1-hour addition time) that the 
temperature was held at about 40°. After the mixture had 
been stirred for an additional hour, there was added 10.0 g. 
(0.10 mole) of anhydrous cadmium chloride, then stirring 
was continued for another hour at about 80°. Since the 
Gilman test for Grignard reagent was still positive after this 
period, an additional 10 g. of cadmium chloride was added. 
After 15 min. additional stirring at 80°, the test for Gri
gnard reagent had become negative. The reaction mixture was 
cooled to about 55°, and there was added during about one 
min. a solution of 10 g. (0.005 mole) of succinyl dichloride

(16) R. T. Shriner and R. C. Fuson, Identification of 
Organic Compounds, John Wiley and Sons, Inc., New 
York, 1948, pp. 170, 171.

(17) M. Maire, Butt. «oc. chini. France, [4], 3, 285 (1908).
(18) R. S. Rasmussen and R. R. Brattain, J. Am. Chem. 

Sor., 71, 1073 (1949).
(19) E. E. Blaise, Compì, rend., 140, 790 (1905).
(20) R. M. Joyce, W. E. Hanford, and J. Harmon, J. Am.

Chem. Soc., 70, 2529 (1948); J. B. Umland and S. A. Wit-
kowski, J. Org. Chem., 22, 346 (1957).
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dissolved in 50 ml. of di-n-butyl ether. The temperature of 
the reaction mixture rose to about 90° during 3 min., while 
becoming rather viscous and dark. Heating with stirring 
was continued for an additional 3 hr. at 75-80°, then the 
mixture was cooled and worked up as described for the 
reaction in diethyl ether. Fractional distillation at 9 mm. 
pressure jdelded the following fractions:

Frac Weight, Boiling
tion g- Point

1 0.29 69-106° 1.4507
2 0.52 106-108° 1.4445
3 0.59 108-115° 1.4382
4 2.81 115-117° 1.4296
5 1.93 117° 1.4303

The boiling point and index of refraction of frac. 2 indi
cate that it consists largely of y-ethyl-y-caprolactone.

Fraction 4 has an analysis in agreement with that of a 
butyl ester of y-ketocaproic acid.

Anal. Calcd. for CioH180 3: C, 64.60; H, 9.68. Found: 
C, 64.38; H, 9.53.

The semicarbazone, prepared bv a common method,16 had 
m.p. 97.5-98.5°.

Anal. Calcd. for CnH21N.,03: C, 54.33; H, 8.69; N, 17.28. 
Found: C, 54.61; H, 8.40; N, 17.28.

Reaction of ethylmagnesium bromide with succinyl dichlo
ride. There is described a representative run under each of 
the three conditions investigated.

(A) At 0°. To 120 g. (0.78 mole) of succinyl dichloride 
dissolved in 300 ml. of dry benzene, arranged for stirring 
under an atmosphere of nitrogen and cooled to 0°, there 
was added dropwise a solution in 600 ml. of ether of Gri- 
gnard reagent prepared from 36 g. (1.5 g.-atoms) of mag
nesium and 180 g. (1.65 moles) of freshly distilled ethyl 
bromide. I t  had been found in earlier runs that use of ether 
alone as solvent was unsatisfactory on account of rapid 
precipitation of a complex which stopped the stirrer. The 
rate of addition of Grignard reagent was adjusted so that the 
temperature of the reaction mixture could be maintained in 
the range —5° to +5°. Soon after addition began, the 
reaction mixture turned brick red; as addition proceeded, the 
color gradually changed to orange. After addition had been 
completed the reaction mixture was stirred at 0° for 2 hr., 
then decomposed with ice and 12iV sulfuric acid. The aqueous 
and organic phases were separated, the organic phase was 
washed once with -water, then this phase was placed on a 
mechanical shaker for 10 hr.21 with a saturated aqueous 
sodium carbonate solution. After the shaking period, the 
aqueous alkaline layer was separated and the organic phase 
was -washed with water.

The sodium carbonate extract was acidified to Congo Red 
wfith 1277 sulfuric acid, then continuously extracted with 
ether for 24 hr. Removal of ether from the extract left a 
residue of 60.6 g., which yielded on distillation 50 g. of y- 
ketocaproic acid, b.p. 140°/10 mm., which solidified slowly 
on cooling. The semicarbazone of this acid had m.p. 164.0- 
164.2° and gave no melting point depression on admixture 
with the semicarbazone of an authentic sample of y-keto- 
caproic acid.

The original aqueous phase obtained after decomposition 
of the Grignard complex was also continuously extracted 
with ether for 24 hr. This extract yielded an additional 
2 g. of y-ketocaproic acid, b.p. 120°/4 mm., and 3 g. of ethyl-

(21) Simple extraction in a separatory funnel with car
bonate yields a small amount of keto acid, and subsequent 
extractions continue to yield small amounts of acid. This 
behavior is ascribed to the fact that the material actually 
in the ether solution is y-chloro-y-caprolactone, which is 
hydrolyzed to the keto acid. This is supported by the 
observation that attempted distillation of the residue from
the unextracted ether solution leads to evolution of hydro
gen chloride and tar formation.

y-ketocaproa*e, b.p. 90°/10 mm., infrared spectrum identi
cal -with that, of the normal ethyl ester of y-ketocaproic acid.

The organic phase from which the keto acid was extracted 
■with carbonate contained neutral material which -was not 
readily separated by direct distillation; however, the 
products obtained after alkali treatment could be partially 
separated. The residue remaining after removal of solvent 
was heated under reflux for 4 hr. -with excess 10% aqueous 
sodium hydroxide. The cooled basic solution was extracted 
five times w:th ether, and each extract was washed once with 
water. Removal of solvent from the dried extract and dis
tillation yielded 2.65 g. of impure 2-methyl-3-ethyl-2-cyclo- 
pentenone, b.p. 81-83°/10 mm., n2D5 1.4600 (lit.,22 b.p. 
90°/15 mm.). The infrared spectrum showed bands at 5.93 
and 6.01 u, indicative of an »,/3-unsaturated ketone, while 
the ultraviolet spectrum gave similar indication with a 
band of Xmax 235.5 my, e 5400. As shown in the characteriza
tion of this compound in section (C) below, the extinction 
coefficient and index of refraction of this sample indicate 
that it is only about 40% cyclic ketone.

The basic solution remaining after extraction of the saponi
fication mixture was acidified to Congo Red with 1277 sul
furic acid, then extracted five times with ether. Distillation 
of the material recovered from this extract yielded 6 g. of 
y-ethyl-y-caprolactone, b.p. 107°/10 mm., n2„ 1.4466. The 
infrared spectrum contained one carbonyl band at 5.69 y.

When a reaction was carried out as described above except 
that there were used only 1.5 moles of ethyl bromide per 
mole of succinyl dichloride, the yield of y-ketocaproic acid 
was reduced to 44%. Further reduction of ethyl bromide to
1.2 moles resulted in only 39% yield of y-ketocaproic acid.

(B) Grignard reaction at —40°. The Grignard reaction was 
carried out in the general manner described under (.4), 
except at lower temperature; and there vrere used as react
ants 1 mole of magnesium and of ethyl bromide, 0.5 mole 
of succinyl dichloride. Addition of the Grignard solution to 
the dichloride, dissolved in 200 ml. of ether, was begun at 
— 70°, but it was soon found necessary to allow the reaction 
mixture to warm up to the range —35° to —40° in order to 
prevent the precipitated complex from stopping the stirrer. 
After completion of the addition, which required about 3 
hr., the mixture was decomposed with ice (the mixture was 
acidic without addition of acid).

After separation of the aqueous and organic phases from 
the reaction, the aqueous phase was extracted four times 
with ether. The ether extracts were washed once with water, 
then stirred under reflux for 1 hr. with 400 ml. of saturated 
aqueous sodium carbonate solution. The cooled ether phase 
was separated and extracted once more with saturated 
sodium carbonate solution and once with w-ater. The aqueous 
phases were combined and acidified to Congo Red with 12Ar 
sulfuric acid, then extracted four times with ether. Distil
lation of the product recovered from the dried ether extracts 
yielded 5 g. of y-ketocaproic acid, b.p. 115°/2 mm. The semi
carbazone of this acid had m.p. 165-166° and gave no 
depression on mixing with an authentic sample.

Content of the neutral fraction remaining after carbonate 
extraction was evaluated by work-up in two ways. Method 
(a), direct distillation. The organic phase remaining after 
extraction with sodium carbonate was dried over mag
nesium sulfate, the solvent w'as removed by distillation, and 
the residue w-as distilled to yield the following fractions:

Frac
tion

Weight,
g- B.P./pressure n-a

1 1.42 30-64°/20 mm. —
2 11.24 64-68°/20 mm. 1.4422
3 2.41 69-109 720-9 mm. 1.4527
4 1.80 109-111 7 9  mm. 1.4589
5 1.85 111-14879-4 mm. 1.4705
6 1.35 ca. 14879-0.5 mm. 1.4823

(22) E. E. Blaise, Compì, rend., 158, 709 (1914); H
Pringsheim and J. Leibowitz, Ber., 56, 2037 (1923).
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Fraction 2 has a boiling point consistent with that expected 
for 2,2,5-triethyl-2,3-dihydrofuran (dehydration product of 
hemiacetal of 3-ethyl-3-hy droxy-6-oetanone); however, 
elementary analysis was not in agreement with this formula, 
and it seems probable that this fraction is an azeotrope of 
the dihydrofuran with a small amount of the keto alcohol 
and/or the hemiacetal. Redistillation of frac. 2 gave material 
boiling sharply at 72°/28 mm., ji2d5 1.4390, infrared spec
trum unchanged. The infrared spectrum exhibited weak 
carbonyl bands at about 5.9 and 6.0 p, and the ultraviolet 
spectrum showed no significant absorption except for a 
rapid rise in absorption as the wavelength was decreased to 
210 m/x (characteristic of a carbon-carbon double bond not 
conjugated). A usual method18 for preparing semicarbazones 
gave a reasonable jdeld from frac. 2 of a derivative whose 
analysis was in agreement with that calculated for the 
semicarbazone of 3-ethyl-3-hydroxy-6-octanone.

Anal. Calcd. for CiiH33N30 2: C, 57.61; H, 10.11; X, 18.32. 
Found: C, 57.55; H, 10.05; N, 18.12.

Shortly after recrvstallization from water, this semicar
bazone had m.p. 90-92° (literature,23 m.p. 95°), but on stand
ing the m.p. dropped to 79-82° (one recrystallized sample, 
which had been dried for several days, had m.p. 79.5- 
80.5°). The low-melting form was converted to the high- 
melting form by heating at 85-90° for 3-4 hr., and on stand
ing at room temperature changed back to the low-melting 
form. This behavior suggests polymorphism in the semi
carbazone; however, there is also the possibility of a change 
in structure related to keto alcohol and hemiacetal.

Fracs. 3 and /  should contain any lactone or dione formed 
in the reaction; however, no pure components could be 
isolated until after the alkali treatment described below. 
The high-boiling material is also described below.

Method (b), alkali treatment prior to distillation. In a run 
carried out as described above, solvent was removed from 
the organic phase remaining after carbonate extraction to 
leave a residue of 35.2 g., which was heated under reflux 
with 10% aqueous sodium hydroxide for 4 hr. The cooled 
alkaline solution was extracted four times with ether, and 
the extracts were washed with water.

The total aqueous phases were acidified to Congo Red 
with 12fV sulfuric acid and extracted four times with ether. 
There was recovered from this extract 3.0 g. of y-ethyl- 
y-caprolactone, b.p. 108-109°/12 mm., n2D5 1.4470.

Material recovered from the extracts of neutral material 
was distilled to yield the following fractions:

Frac
tion

Weight,
g- B.P./pressure n2D5

1 1.95 <65°/20 mm. 1.4470
2 14.45 65°/20 mm. 1.4393
3 4.42 65-151720-4 mm. 1.4620
4 7.30 151-153 7 4  mm. 1.4716

The characteristics of frac. 2 were the same as described 
for this fraction in Method (a); these included analysis, 
infrared spectrum, and semicarbazone formation.

Fraction 3 contained very little material boiling in the 
range of 3-ethyl-2-methyl-2-cyclopentenone (93-97 °/20 
mm.); however, in another run there was isolated 3.8 g. 
(7% yield) of this product (for characterization, refer to 
run with ferric chloride). As indicated in Table I, the ratio 
of the several products obtained in this reaction was rather 
variable; this is ascribed partly to the uncertain reaction 
conditions resulting from the barely stirrable mixtures 
arising from complex precipitation, partly to the uncer

(23) Huan, C o m p t. ren d ., 188, 1175 (1929).

tainty introduced from the azeotropic material in frac. 2, 
and partly to the significant amount of high-boiling un
characterized material described in the next paragraph.

Fraction 4 appears to be some type of dimer of the primary 
reaction products. No reaction with 2,4-dinitrophenyl- 
hydrazine or semicarbazide was observed. The infrared 
spectrum showed a broad, weak band in the carbonyl 
region near 6 n, and a strong band in the ether region (8.9 
p). Redistillation yielded a component boiling sharply at 
152-153°/4 mm., with unchanged infrared spectrum. The 
ultraviolet spectrum showed no absorption except the end 
absorption characteristic of a carbon-carbon double bond. 
Elementary analysis (C, 76.99; II, 11.57) is in fair agreement 
with C2oH3602, the formula for a dimer of 2,2,5-triethyl-2,3- 
dihydrofuran.

(C) Orignard reaction at —40° in presence of ferric chloride. 
A reaction was carried out as described under section (B) 
using the same quantities of reagents, except that 1.5 g. 
(0.009 mole) of anhydrous ferric chloride was added to the 
succinyl dichloride solution before addition of Grignard 
reagent was begun. Addition was started at —65°, but dur
ing the course of the 2 hr. required for addition, the tem
perature was allowed to rise as high as —45° in order to 
prevent stopping of the stirrer by precipitated complex. 
After addition was complete, stirring was continued for an 
additional 5 min., then the reaction mixture was decom
posed by pouring onto ice (mixture acid to Congo Red).

The aqueous and organic phases of the reaction mixture 
were separated, and the organic phase was washed first 
with water then three times with saturated aqueous sodium 
carbonate solution (shaking 5-10 min. with each wash), 
finally with water. The total aqueous carbonate extracts 
were acidified to Congo Red with 12Ar sulfuric acid and 
extracted four times with ether. The ether extracts were 
washed once with water and dried over anhydrous mag
nesium sulfate. From this extract was recovered 9.5 g. of 
y-ketocaproic acid, b.p. 140-160°/10 mm., slowly solidifying 
on cooling. The semicarbazone, after crystallization from 
water, had m.p. 167-168° and showed no depression on 
mixing with an authentic sample of the semicarbazone of 
y-ketocaproic acid.

From the extract of neutral material, remaining after 
carbonate extraction, there was recovered 26.5 g. Since no 
constant-boiling fractions could be separated by direct 
distillation, the distilled fractions (weight 22.5 g.) were 
combined and heated under reflux for 4 hr. with 450 ml. of 
10% aqueous sodium hydroxide solution. The cooled basic 
solution was extracted four times with ether, and the ether 
extracts were washed once with water. The neutral material 
recovered from the ether extracts was distilled to yield 14.0 
g. of 2-methyl-3-ethyl-2-cyclopentenone, b.p. 85°/10 mm., 
n l3 1.4810.

Anal. Calcd. for CsH120: C, 77.37; H, 9.74. Found: C, 
76.52; H, 10.09.

The infrared spectrum of the cvclopentenone showed 
strong bands at 5.9 and 6.05 p, as expected for an a,/3-un- 
saturated ketone. This was confirmed by the ultraviolet 
spectrum: Xroax 235 nip, « 13,500.

The semicarbazone, prepared as usual,16 had m.p. 217- 
218° (dec.).

Anal. Calcd. for C9H16N30: C, 59.64; H, 8.34; N, 23.18. 
Found: C, 60.16; H, 8.61; N, 23.28.

The combined aqueous alkaline phases, remaining after 
saponification and extraction of neutral material, were 
acidified to Congo Red with 12iV sulfuric acid and ex
tracted three times with ether. Distillation of the material 
recovered from the ether extracts yielded 8.65 g. of y-ethyl- 
y-caprolactone, b.p. 108-110°/10 mm., m2D5 1.4460.

B e r k e l e y , C a l i f .
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The infrared spectrum of glutaryl dichloride indicates that the substance is largely or entirely in a normal open-chain 
form. Reactions of glutaryl dichloride with diethvlcadmium or with ethylmagnesium bromide yield products consistent with 
the view that this di-acid dichloride is of open-chain structure, but 5-ketoenanthyl chloride is of a cyclic structure (5-chloro-
5-enantholactone). Formation of small amounts of 3,7-nonanedione in the cadmium reaction (in contrast with no yield of 
diketone in the cadmium reaction with succinyl dichloride) indicates the lesser stability of the six-atom ring with exocyclic 
double bond; also, S-ethyl-5-enantholactone was found to equilibrate readily with the isomeric 7- or 5-unsaturated 
acid. The striking preference of keto acid chlorides for the cyclic structure, however, is illustrated by the fact that the prin
cipal product of the Grignard reaction at 0° was found to be the cyclic 5-ketoenanthyl chloride, a result analogous to that 
obtained with succinyl dichloride. Grignard reactions, either with or without ferric chloride, could not be carried out satis
factorily below about —20° on account of precipitation of complexes; however, results at —20° indicated operation of the 
same factors observed in reactions of succinyl dichloride at —40°.

Investigation2 of the reactions of succinyl di
chloride has shown that the products may be 
formulated on the basis of the view3 that this di
acid dichloride is a normal open-chain structure but
7-keto acid chlorides rapidly form a cyclic structure 
(Y-chloro-7-lactone), even at temperatures as low 
as 0°. The present report is concerned with the 
structure and reactions of glutaryl dichloride, 
wherein the cyclic structures would have six- 
membered rings, a form less favored4 than the 
five-membered ring in instances where there is an 
exocyclic double bond.

The infrared spectrum of glutaryl dichloride was 
found to exhibit a single carbonyl band at 5.60 
n, the normal location for a low molecular weight 
acid chloride and that observed3 for succinyl di- 
chloride. There was no indication of a second 
carbonyl band which might be ascribed to a cyclic 
form of the acid chloride. Quantitative determina
tion of carbonyl absorption by glutaryl dichloride, 
calculated per mole of carbonyl present in the open- 
chain form, gave values in excellent agreement with 
those3 for caprylyl chloride and pimelyl dichloride; 
however, the quantitative values are of little di
rect utility in supporting the open-chain structure 
of glutaryl dichloride, on account of the high ab
sorption of a cyclic acid chloride with a six-membered 
ring. Whereas an open-chain acid chloride, such as 
caprylyl chloride, exhibits an em„  of about 370, 
the cyclic 5-ketoenanthyl chloride (I) has Ani„x at 
5.65 n, with enai of about 900. In view of this strong 
absorption at 5.65 n in structure I, however, it 
does follow that absence of a second absorption 
band in glutaryl dichloride indicates little, if any, 
of the cyclic structure.

(1) This investigation was supported in part by a research 
grant (E-86) from the National Institutes of Health, U. S. 
Public Health Service.

(2) J. Cason and E. J. Reist, J. Org. Chem., 23, lGf>8
(1958).

(3) J. Cason and E. ,T. Reist, J. Org. Chem., 23, 1492
(1958).

(4) H. C. Brown, / .  Org. Chem., 22, 439 (1957).

A CH2
\ / \

C2H6—C CH2
I I I, A = Cl

O CH2 II, A = OC2H5 (not isolated) 
\  /  III, A = C2H5

C

Reaction with diethylcadmium. Examination of 
the products obtained in the cadmium reaction 
with glutaryl dichloride, as summarized in Table
I, reveals two differences from the results with 
succinyl dichloride.2 Succinyl dichloride yielded 
none of the open-chain dione, and the principal 
product was keto ester, partly the cyclic pseudo 
ester (five-membered ring analogous to formula
II) . These differences are consistent with the greater 
ease of formation of cyclic products with the five- 
atom ring. Failure of the ester to result in significant 
amounts may be ascribed to involvement of the 
cyclic transition state previously suggested,2 for 
the ends of a five-atom chain are in position to 
cyclize with greater frequency than are the ends 
of a six-atom chain. For example,5 5-chlorosulfides 
and 5-chloroamines cyclize to the heterocycles at a 
rate seventy to seventy-five times faster than do the 
corresponding a-chlorosulfides and e-chloroamines. 
In addition, cyclic compounds involved in the 
present instance would contain the carbonyl group, 
and correlations developed in connection with the 
concept of I-strain4 have shown the exocyclic 
double bond to be less favored in the case of six- 
atom rings. By the same token, if there is involved 
in the cadmium reaction with 5-ketoenanthyl 
chloride the previously proposed2 cyclic transition 
state shown in two resonance forms in IV, reaction 
to give the open-chain 3,7-nonanedione would be 
more favored when the cyclic product (lactone
III) has the six-membered ring. Although the 
yield of dione from glutaryl dichloride is low, no

(5) G. M. Bennett, F. Heathcoat, and A. N. Mosses,
J. Chem. Sac., 1929, 2567; H. Freundlich and A. Ivrestov- 
nikov, Z. Physik. Chem., 76, 79 (1911).
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dione could be isolated in the cadmium reaction 
with succinyl dichloride.2

TABLE I
Yields“ in R eactions of Gliitaryl D ichlcride with 

Organometallic Reagents

Compounds
Isolated

Yield6
from

Diethyl-
cadmium

Yield from Ethyl- 
magnesium Bromide 

-20°,
0° -2 0 °  FeCh

S-Ethyl-S-enantho- 
lactone6 (III)

15-20% 11% 14% 17%

5-Ketoenanthyl 
chloride“ (I)

30-40 50 24 17

3,7-N onanedionee 6-10 ca. 6 ca. 14 ca. 18
3-Ethylnonan-3-ol-

7-one“
’ ca. 5 ca. 8 ca. 7

° Yield figures are approximate in all instances, for they 
were determined from isolation, and in seme instances the 
isolations were troublesome. Yields preceded by ca. are sub
ject to an additional uncertainty, in that mixtures of dione 
and hydroxy ketone were analyzed by infrared spectroscopy. 
Identity of the hydroxy ketone was not established with 
certainty. 6 Range of yields in the cadmium reaction is that 
observed in different runs. No yield of ethyl S-ketoenanthate 
is indicated, although minor amounts of this ester were 
probably obtained (cf. Experimental). Considerable quanti
ties of cyclic acid chloride were recovered in the cadmium 
reaction because the reaction was continued for only 2.5 hr. 
a t 40°, with no additional heating under reflux as was done 
in reactions of succinyl dichloride reported separately.2 
This procedure was adopted in order to demonstrate the 
presence of the cyclic acid chloride as an intermediate. 
c Isolated in part as the isomeric unsaturated acid. d Isolated 
as 5-ketoenanthic acid, after hydrolysis. e Isolated in part 
as the cyclic aldol product, 2-methyl-3-ethyI-2-cyclo- 
hexenone.

C2H6 c 2h 6

be isolated; the product exhibited the infrared 
spectrum of the normal ester. This result was not 
entirely unexpected on account of the failure to 
isolate ester from the cadmium reaction.

The lesser stability of six-atom rings caused some 
difficulty in isolation and characterization of <5- 
ethyl-5-enantholactone (III), in both cadmium and 
Grignard reactions. Equilibration occurs between 
the lactone and the isomeric y- or 5-unsaturated 
acid (Y) in presence of mineral acid or during long 
heating in fractional distillation. By extraction 
with sodium carbonate, acid and lactone could be 
separated. Careful washing of the two components 
and rapid distillation yielded pure samples of acid 
showing a single carbonyl band at 5.87 p and of 
lactone showing a single carbonyl band at 5.79 p. 
The reported6 region for carbonyl absorption in 
5-lactones is about 5.75 p.

Reactions with elhylmagnesium bromide. In the 
Grignard reaction at 0° with succinyl dichloride, 
the dominant formation (only product in yield 
greater than about 5%) of the cyclic form of 
y-ketocaproyl chloride was attributed to the very 
rapid cyclization of the open-chain form of this 
acid chloride. With glutaryl dichloride, the cyclic 
keto acid chloride (I) remained the principal prod
uct; however, the yield of other products became 
about twice that observed with succinyl dichloride. 
This indicates occurrence of the predicted lower 
rate of cyclization of the open-chain form of 5- 
ketoenanthyl chloride. Reaction of the open- 
chain keto acid chloride at the acid chloride group
ing would lead initially to 3,7-nonanedione, while 
reaction at the keto group (more reactive than the 
acid chloride) would give structure VI as the

CH2—C CH2— C
/ \ / ■V

CH, 0 c h 2 0
\ / \

c h 2—0 c h 2- -C+
\ %

0 0
IV

CH—C=C H —CH3
/

c h 2 o h
\  /

CH2—c
As

o
v

The persistence of the cyclic acid chloride (I), 
even when the six-atom ring is involved, attests 
the remarkable preference of the keto acid chlorides 
for the cyclic structure. In the instance of the 5- 
atom rings,2 where the cyclic structure for the keto 
acid chloride was the only form encountered, the 
cyclic pseudo ester (analogous to II) was unstable 
with respect to the normal ester, in presence of 
acid. When the methods used for preparation of the 
pseudo esters of y-keto acids were applied to 5- 
ketoenanthyl chloride (I), no pseudo ester could

C2H,

c 2h

(CH2)3—COCI

C2H6
I

Cl—C—(CH2)3- -COC1

OMgX OMgX
VI VII

initial product. Direct cyclization of this inter
mediate would lead to lactone III, while further 
reaction of the acid chloride grouping would lead 
to the hydroxy ketone, which was present in small 
amount.

In the Grignard reaction with succinyl dichloride, 
a dramatic drop in yield of cyclic acid chloride was 
observed when the reaction temperature was low
ered to —40°. Mechanical difficulties (precipitation 
of unstirrable sludges) prevented lowering the 
temperature below about —20° in the case of 
glutaryl dichloride; so the change in products was 
less pronounced; however, even at —20°, there is 
observed a significant decrease in yield of cyclic 
acid chloride, and a proportional increase in 
products resulting from reaction of either the initial 
reaction intermediate, VII, or the open-chain keto

(6) E. E. van T amelen and M. Shamma, J. Am. Chem. 
Soc., 76, 2315 (1954).
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acid chloride. Thus, stabilization of the inter
mediate VII is indicated (for discussion of this point 
refer to ref. 2).

Failure to secure a significant increase in the 
yield of 3,7-nonanedione in presence of anhydrous 
ferric chloride is ascribed to the inability to secure 
a sufficiently low reaction temperature ( — 70° has 
been previously recommended7); however, a small 
increase in yield of dione was observed.

As was the case in the reactions of succinyl di
chloride, the only procedure of preparative signifi
cance is the Grignard reaction at 0°. This probably 
constitutes the most convenient preparation of y- 
and 5-keto acids, respectively.

E X P E R I M E N T A L 8

Glutaryl dichloride. Although it has been reported9 that 
glutaryl dichloride may bo prepared in 80% yield by treat
ment of glutaric acid with a fivefold excess of thionyl chlo
ride, our maximum yield was about 68% and large amounts 
of glutaric anhydride were obtained. The use of catalytic 
amounts of pyridine, found essential in the preparation of 
succinyl dichloride,3 gave excellent results.

(A) Without 'pyridine. A mixture of 100 g. (0.76 mole) of 
glutaric acid and 300 ml. (3.8 moles) of thionyl chloride was 
heated under reflux for 2.5 hr. After the excess thionyl 
chloride had been removed under reduced pressure the 
product was fractionated at 7 mm. pressure to yield 61 g. 
(47%) of glutaryl dichloride, b.p. 89°, and 40 g. (46%) of 
glutaric anhydride, b.p. 138°, m.p. 52°, no depression in 
melting point on admixture with an authentic sample of 
glutaric anhydride.

(B) With pyridine catalyst. A mixture of 40 g. (0.3 mole) 
of glutaric acid, 0.5 ml. of pyridine, and 120 ml. (1.5 moles) 
of thionyl chloride was heated under reflux for 3 hr. Distil
lation yielded 43 g. (84%,) of glutaryl dichloride, b.p. 92- 
93°/10 mm.

Reaction of diethylcadmium with glutaryl dichloride. Accord
ing to the procedure described2 for reaction of diethyl 
cadmium with succinyl dichloride, a cadmium reagent was 
prepared via the Grignard reagent from 100 g. (0.84 mole) 
of distilled ethyl bromide and allowed to react with 40 g. 
(0.24 mole) of glutaryl dichloride. Reaction time was 2.5 
hr. a t 40°.

After decomposition of the reaction mixture by addition 
of ice and extraction of the aqueous phase with three por
tions of ether, the combined organic phases were washed first 
with water, then stirred overnight10 with 450 ml. of satu

(7) W. C. Percival, R. B. Wagner, and N. C. Cook, J. 
Am. Chem. Soc., 75, 3731 (1953).

(8) Melting points are corrected and boiling points are 
uncorrected. Distillations, unless otherwise specified, were 
through a half-meter column of the simple Podbielniak 
design which has been described in detail (J. Cason and H. 
Rapoport, Laboratory Text in Organic Chemistry, Prentice- 
Hall, Inc., New York, 1950, p. 237). Infrared spectra were 
recorded on a Baird double beam spectrophotometer. Micro
analyses are by the Microanalytical Division, Department 
of Chemistry, University of Calif.

(9) S. Skraup and S. Guggenheimer, Ber., 58, 2493 
(1925).

(10) In another run, the organic extract was shaken in a 
separatory funnel with four successive portions of satu
rated aqueous sodium carbonate solution, then stirred over
night with an additional portion of carbonate solution.
Work-up of the first four extracts yielded about two-thirds
of the keto acid, while the remaining third was recovered 
from the overnight extraction.

rated aqueous sodium carbonate solution. The sodium car
bonate extract was acidified and extracted with four por
tions of ether. Removal of ether left a yellow solid which wTas 
recrystallized from ether-petroleum ether to yield 10 g. 
(29%) of white 5-ketoenanthic acid, m.p. 48.0-48.5°, no 
depression in melting point on admixture with an authentic 
sample3 of 5-ket,oenanthic acid.

The neutral material remaining after carbonate extrac
tion was fractionated to yield the following fractions.

Frac
tion

Weight,
g. B.P. (10 mm.)

1 2.03 75-115°
2 1.79 115-125°
3 6.68 125-130°
4 2.15 (column stripped)

Ethyl 5-ketoenanthate would boil near 110° at this pres
sure, but no significant constant-boiling fraction was noted 
during distillation of Fraction 1.

Fraction 2, which solidified on standing, was recrystal
lized from hexane to yield wrhite 3,7-nonanedione, m.p. 
53.0-53.5° (literature,11 m.p. 53°).

Anal. Calcd. for C9H i802: C, 69.13; H, 10.33. Found: 
C, 69.32; H, 10.44.

The infrared spectrum exhibited a narrow intense carbonyl 
band at 5.84 u.

The bisdinitrophmylhydrazone of the diketone was pre
pared by a common method.12 This derivative was so 
insoluble that it was purified by heating under reflux for 
1 hr. in 95% ethanol, then filtering the product from the 
hot solution and washing with hot ethanol, m.p. 183-184°.

Anal. Calcd. for C2iH24N80 8: C, 49.03; H, 4.68; N, 21.69. 
Found: C, 48.96; H, 4.90; N, 22.24.

Fractions S and !, did not yield any pure components, even 
after refractionation; so they were combined and heated 
under reflux for 3 hr. with 50 ml. of 10% aqueous sodium 
hydroxide. Neutral material was extracted from the cooled 
alkaline solution with three portions of ether, and the ether 
extracts were washed with water. Evaporation of ether left 
0.37 g. of residue whose infrared spectrum exhibited bands 
at 5.88 and 6.03 y and was identical with the spectrum of the 
aldol product obtained by treating 3,7-nonanedione with 
alkali.

Anal. Calcd. for C9Hi40 : C, 78.21; H, 10.29. Found: 
C, 78.83; H, 10.62.

The ultraviolet spectrum had Xma,  a t 244.5 m/x, e 10,450. 
For 2-methyl-2-cyclohexenone (one less substituent on the 
double bond), there has been reported13 Xraax 234 m/r, 
e 9,660.

The semicarbazone, prepared by a usual procedure,12 had 
m.p. 213.5-214° (dec.).

Anal. Calcd. for C,„H„N30 : C, 61.51; H, 8.78; N, 21.52. 
Found: C, 61.30; H, 9.20; N, 21.38.

The alkaline solution, from which the cyclic ketone was 
extracted, was acidified and heated briefly, to yield a mix
ture of lactone I II  and the isomeric unsaturated acid. From 
this mixture a pure sample of lactone was obtained, while a 
pure sample of unsaturated acid was obtained in the Gri
gnard reaction at 0° (see below).

The mixture of lactone and acid was extracted with ether, 
and the acid was re-extracted into aqueous sodium car
bonate solution. The ether solution of lactone was washed 
twice with water and dried, then ether was evaporated and 
the lactone distilled to yield 2.10 g. of colorless liquid, b.p.

(11) E. E. Blaise, Compt. rend., 173, 314 (1921).
(12) R. L. Shriner and R. C. Fuson, Identification of 

Organic Compounds, John Wiley and Sons, Inc., New York, 
1948, pp. 170, 171.

(13) E. W. Warnhoff and W. S. Johnson, .7. Am. Chem. 
Soc., 75, 494 (1953).
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123°/I0 mm., n°D5 1.4614, single carbonyl hand in the infra
red spectrum at 5.79 n-

Anal. Calcd. for CgHi60 2: C, 69.13; II, 10.33. Found: 
C, 69.19; H, 10.52.

Acidification of the carbonate extract of the lactone solu
tion yielded 4 g. of colorless liquid, b.p. 130°/9 mm., ?j2d5 
1.4552. This index of refraction indicates a lactone content 
of about 30%, and the infrared spectrum indicates a mix
ture of lactone and acid.

Reaction of ethylmagnexium. bromide with glutarvl dichloride. 
(.4) At 0°. In a nrocedure parallel to that described for the 
reaction of succinyl dichloride,2 reactants were 0.5 mole of 
distilled ethyl bromide, 0.5 g.-atom of magnesium turnings 
and 0.25 mole of glutaryl dichloride. Reaction time at 0°, 
after completion of addition, was 2 hr.

After the reaction mixture had been decomposed with ice 
and 12/V sulfuric acid, the aqueous layer was separated and 
then extracted with three portions of ether. After the com
bined organic phases had been washed with water, they were 
stirred overnight with 450 ml. of saturated aqueous sodium 
carbonate solution. The material recovered from the car
bonate extract, after acidification, proved to be a mixture of 
lactone III, unsaturated acid V, and 5-ketoenanthic acid. 
This mixture was distilled until there had been removed 
a top fraction of b.p. 98-140°/6 mm., weight 2.0 g., whose 
infrared soectrum was characteristic of the mixtures of 
lactone III  and acid V frequently encountered in this in
vestigation. The distillation residue, weight 16.0 g., solidified 
on cooling; crystallization from ether-petroleum ether 
yielded white crystals of m.p. 48.0-48.5°, no depression in 
melting point on admixture with an authentic sample of
5-ketoenanthic acid.

Fractional distillation of the neutral material remaining 
after carbonate extraction yielded no homogeneous com
ponents except for 1.5 g. of 5-ketoennnthic acid;14 so the re
combined fractions were heated under reflux for 3 hr. with 
80 ml. of 10% aqueous sodium hydroxide. The products of 
alkali treatment were separated by the procedure described 
above under the cadmium reaction to yield 4.0 g. of ketonic 
material, b.p. 100-110°/18 mm.; 0.5 g. of lactone I I I ; and
1.9 g. of the mixture of lactone III and unsaturated acid V, 
b.p. 120-12175 mm., ra2D5 1.4548.

The lactone-acid mixture (1.9 g. described above) was 
shaken out with a mixture of saturated aqueous sodium 
carbonate solution and ether, and the carbonate layer was 
carefully acidified to Congo Red with 12.V sulfuric acid, then 
extracted with three portions of ether. The ether extracts 
were washed twice with water, dried over magnesium sulfate, 
then distilled to yield 1.0 g. of pure nnsaturated acid (V), b.p.
117-11874.5 mm., n%s 1.4522, single carbonyl band in the 
infrared at 5.87 ¿o

Anal. Calcd. for C ,H |/)u  C, 69.13; H, 10.33; equiv. wt., 
156. Found: C, 69.13; H, 10.31; equiv. wt., 153.

The ketonic material (4.0 g. described .above) obtained 
in this reaction and other Grignard reactions exhibited an 
infrared spectrum which indicated a mixture of 2-methyl-
3-ethyl-2-cyclohexenone (aldol product from 3,7-nonane- 
dione) with about an equal amount of a saturated ketone. 
Repeated fractionation of this material yielded a product, 
b.p. 96-98°/10 mm., containing only small amounts of 
the cyclohexenone (as characterized by the intense infrared 
band at 6.03 n). The infrared spectrum of this material was 
quite similar to that of 3,7-nonanedione except that the rela
tive intensity of the carbonyl band at 5.84 fj. was less and 
there was a weak broad band a t 2.8 /x, characteristic of the 
hydroxyl group. The substance was inert to boiling 10%

(14) This material had b.p. 143-145°/6 mm., m.p. 48- 
48.5°, no depression in melting point on admixture with an 
authentic sample of 6-ketoenanthic acid. Small quantities 
of 5-ketoenanthic acid were isolated at this point in all the 
runs with ethylmagnesium bromide. It is not. clear why this 
material fails to appear in the fraction extracted with car
bonate.

aqueous sodium hydroxide. Characterization of this mate
rial as 3-ethylnonan-3-ol-7-one seems reasonably safe, and 
further verification was not sought since its positive identi
fication is not significant to the objectives of the present 
investigation

(B) Grignard reaction at —20°. Grignard reagent from 0.5 
mole of ethyl bromide in 165 ml. of ether was added to 0.24 
mole of glutaryl dichloride dissolved in 100 ml. of ether. 
Addition was initiated a t —50°, hut it was soon necessary 
to allow the reaction to warm to about —20° in order to 
avoid plugging of the stirrer. Addition was completed in 
about 1.5 hr., then the reaction was stirred a few minutes 
as the temperature was allowed to rise to room temperature. 
Decomposition was with ice and 12.Y sulfuric acid.

Carbonate extraction of the reaction mixture and work-up 
as described for the run at 0° yielded 1.92 g. of lactone- 
unsaturated acid mixture, b.p. 105-143°/6 mm., and 8.14 
g. of 5-ketoenanthic acid, b.p. 143-l45°/6 mm., m.p. 46- 
48°.

The neutral material remaining after carbonate extraction 
was fractionally distilled at 10-mm. pressure to yield the 
following components:

Frac
tion

Weight,
g-

B.P.,
°C. n-n5

1 1.23 83-98 1.4630
2 5.23- 98-100 1.4557
3 0.81 100-117
4 1.50 117-119
5 0.33 119-133
6 3 11 133-135 1.4593
7 0.55 (column stripped at 1 mm.)

Fraction 2 has an infrared spectrum indicating an approxi
mately equimolar mixture of 2-methyl-3-ethvl-2-cyclo- 
hexenone and 3-ethylnonan-3-ol-7-onc (refer to investiga
tion of run at 0°).

Fraction 4 solidified readily, m.n. 53°, no depression on 
admixture with an authentic sample of 3,7-nonanedione.

Fraction 6 has an infrared spectrum characteristic of the 
mixture of lactone III  and acid V (refractive index indicates 
about 75% lactone).

(C) Grignard reaction at —20° in presence of ferric chloride. 
A reaction using 0.25 mole of glutaryl dichloride was carried 
out as described under (B) except that, 0.75 g. of anhydrous 
ferric chloride was added to the ether solution of acid 
chloride.

Carbonate extraction of the products yielded 2.12 g. of 
lactone-unsaturated acid mixture, b.p. 120-144°/6 mm., and 
4.13 g. of 5-ketoenanthic acid, b.p. 144-145°/6 mm., m.p. 
48.0-48.5°.

Distillation of the neutral material a t 10-mm. pressure 
yielded the following fractions:

Frac
tion

Weight,
£•

B P .,
°0.

1 1.61 40-92
2 3.35 92-95
3 2.42 95-110
4 2.79 110-118
5 0.90 118-132
6 2.53 132-134
7 1.29 134-145
8 1.89 (column stripped

at 1 mm.)

The infrared spectrum of Fractions 2 and S indicated an 
approximately equimolar mixture of 2-methyI-3-ethyl-2- 
cyclohexenone and 3-ethylnonan-3-ol-7-one.
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Fraction 4 is 3,7-nonanedione, m.p. 51-53°, no depression 
on admixture with an authentic sample. An additional 0.2 
g. of dione was recovered from Fraction 5 by crystallization 
from ether-petroleum ether. The infrared spectra of the 
remainder of this fraction and of Fractions 6 and 7 indicated 
a mixture of lactone and unsaturated acid.

Fraction 8 crystallized on standing, m.p. 48.0-48.5° after 
precipitation from ether-petroleum other, no depression of 
melting point on admixture with an authentic sample of
5-ketoenanthic acid.

Berkeley, Calif.

[Communication No. 1748 from the Kodak R esearch Laboratories]

D erivatives o f  B enzoylresorcinol

J. A. VanALLAN 

Received May 22, 1958

A new synthesis of 2,2'-dihydroxy-4,4'-dimethoxybenzophenone is described. The substance stated by Staudinger to be 
2,2',4,4'-tetramethoxybenzophenone has been shown to be 2,2',4,4'-tetramethoxybenzil. The ultraviolet absorption spectra 
of these materials are discussed.

In extending the investigation of derivatives of 
benzoylresorcinol,1 we had occasion to synthesize 
a compound described2 as 2,2',4,4'-tetramethoxy- 
benzophenone (I). The ultraviolet absorption spec
trum of this latter substance was at variance with 
that expected from our earlier work, so it was de
cided to re-examine this substance.

When m-dimethoxybenzene was allowed to react 
with oxalyl chloride in carbon disulfide2 or ethylene 
chloride, with aluminum chloride as a catalyst, a 
substance melting at 129-130° was obtained, con
firming Staudinger’s result. However, methoxyl 
determination, Grignard analysis, and elementary 
analyses led to the conclusion that the substance 
melting at 129-130° was 2,2',4,4'-tetramethoxy- 
benzil (II). To test this hypothesis, II was oxidized 
with alkaline hydrogen peroxide to 2,4-dimethoxy- 
benzoic acid, a reaction typical of benzils. Selective 
déméthylation of II with two and four equivalents 
of aluminum chloride gave 2-hydroxy-2',4,4'- 
trimethoxybenzil (III) and 2,2'-dihydroxy-4,4'- 
dimethoxybenzil (IV), respectively. The structures 
of III and IV are assigned on the basis of the Gri-

OH HO 
IV

gnard analysis, on the known propensity of o- 
methoxyl groups to be demethylated, and the 
similarity of their ultraviolet curves to II.

It was noted that, on mixing oxalyl chloride and 
m-dimethoxybenzene, the solution became reddish 
yellow and hydrogen chloride was slowly evolved; 
heating accelerated this evolution of gas. In order 
to determine the nature of this reaction, the com
ponents were heated for a few hours, and the re
action mixture was distilled. The distillate was 
recrystallized from ethanol to give a substance 
having a melting point of 135-136° which, from 
its elementary analysis, methoxyl determination, 
and Grignard analysis, is 2,2',4,4'-tetramethoxy- 
benzophenone (I). Its mixed melting point with II 
is 110-113°, and its 2,4-dinitrophenylhydrazone 
(m.p. 150°) differs from that of II (m.p. 185°). 
Moreover, demethylation of I with aluminum 
chloride gives 2,2'-dihydroxy-4,4'-dimethoxyben- 
zophenone (V), identical with that obtained from 
m-dimethoxybenzene and phosgene in the presence 
of aluminum chloride.3

OCH,/

+ .

CiCOCOCl

No

OCH3 CHaO 
I

The melting point of I has been reported as 130°4 
and as 137.2-1390.5 It is evident, therefore, that 
the substance Staudinger describes as 2,2',4,4'-

(1) J. A. VanAllan and J. F. Tinker, J. Org. Chew., 19, 
1243 (1954).

(2) H. Staudinger, E. Schlenker, and H. Goldstein, 
Fleh. Chim. Ada, 4, 334 (1921).

(3) General Aniline and Film Corp., Brit. Patent 706,151
(1954).

(4) J. Tambor, Ber., 43, 1882 (1910).
(5) G. Wittig and V. Pockels, Ber., 72, 89 (1939).
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tetramethoxybenzophenone is most certainly 
2,2',4,4'-tetramethoxybenzil.

To determine the generality of the reaction of 
organic acid halides with m-dimethoxybenzene,
o-methoxybenzoyl chloride was allowed to react 
with m-dimethoxybenzene. The reaction proceeded 
smoothly, with the evolution of hydrogen chloride, 
to give a 91% yield of 2,2',4-trimethoxybenzo- 
phenone (VI), which was demethylated with alumi
num chloride in benzene to 2,2',4-trihydroxybenzo- 
phenone (VII). If VI was demethylated using- 
pyridine hydrochloride, the major portion of the 
product was 3-hydroxyxanthone (VIII), to
gether with some 2,2'-dihydroxy-4-methoxybenzo- 
phenone (IX). Similarly, if V is demethylated 
using pyridine hydrochloride, the major portion 
of the product is 2,7-dihydroxyxanthone (X). 
The identities of VIII and X were confirmed by 
making their known acetyl derivatives. The forma
tion of X from I is further confirmatory evidence 
for the structure of I.

Heating acetyl bromide and m-dimethoxybenzene 
for 3 hours at the boiling point of the mixture results 
in the formation of 2-acetoxy-4-methoxybenzo- 
phenone (XI) in 38% yield. The structure of the 
latter was established by hydrolyzing it to 2- 
hydroxy-4-methoxyacetophenone (XII), the iden
tity of which was confirmed by comparison of its 
phenylhydrazone and 2,4-dinitrophenylhydrazone 
with those of authentic samples. Acetyl chloride 
failed to react with m-dimethoxybenzene under the 
same conditions.

OCu

CH30 ^

+
CHsCOBr

Fig. 1. Ultraviolet absorption spectra in methanol of:
2,2',4,4'-tetramethoxybenzophenone (I) ---------; 2,2'-di-
hydroxy-4,4'-dimethoxybenzophenone (V) -------- ; 2,2'-
dihydro.xy-4-methoxybenzophenone ( I X ) -------- ; 2,2',4,4'-
tetrahydroxybenzophenone (X IV ) ..........

benzoylresorcinols, as shown by comparison with 
the known 2,2',4,4'-tetrahydroxybenzophenone
(XIV). In Fig. 2, the spectra of the benzils just 
described are shown. The similarity of these two 
series is apparent at once, which is interpreted to 
mean that there is little resonance coupling through 
the o-diketo group. The intensity of absorption of 
the benzils is significantly higher than the benzo- 
phenones, which is consonant with the concept that 
the groupings,

in the benzils are acting, to some extent, addi- 
tively.

A large decrease in intensity and a slight shift to 
longer wave lengths are observed in both series 
when 2,2'-methoxy groups are demethylated to 
the corresponding hydroxy groups. This is believed 
to be a consequence of conjugate chelation1 which 
is possible between the carbonyl and hydroxy groups 
in both systems.

Discussion of ultraviolet spectra. In Fig. 1 (also 
Table I) it is shown that these hydrcxylated benzo- 
phenones have spectra characteristics of the

E X P E R IM E N T A L

ê},£',4,4'-Tetramethoxybenzophenone (I). A mixture of 75 
g. (70 ml., 0.55 mole) of m-dimethoxybenzene and 33 g.



NOVEM BER 1958 D ERIV A TIV ES OF BEXZOYLRESORCIXOL 1681

TABLE I
P roferties of Bexzophenone and Benzil D erivatives

Com
pound

No. X
Log

e X
Log
e

Empirical
Formula

Calcd. Found
c H H" Addn. 6  c h 3o C H H" Adda." CH,0

VI 279 4.43 312 4.40 CieHiôO.} 70.6 5.9 — — 34.2 71.0 5.9 — — 31.7
I 278 4.45 312 4.42 c „h 18o 5 67.6 6.0 0.0 1.0 41.2 67.7 5.8 0.1 0.9 41.3

IX 285 4.40 329 4.36 c 14h ,2o 4 68.9 4.9 — — — 68.5 4.9 — — —
V 284 4.12 340 4.12 C.sH uOj 65.8 5. 1 2.0 1.0 22.6 65.5 5.2 2.0 1.3 22.6

VII 288 4.40 329 4.38 c ish ,„o 4 67.5 4.3 — — — 67.7 4 . 1 — — —
XIV 287 4.01 348 4.17 Ref. 1 — — — — — — — — — —

II 272 4.57 312 4.49 CiçHisOe 65.5 5.4 — 2.0 37.5 65.6 5 . 3 — 1.6 36.9
III 284 4.60 325 4.53 C17H 16O6 64.6 5.2 — — — 64.5 5 . 1 0.2 2.5 —
IV 284 4.32 328 4.25 C16H 14O6 63.6 4.6 — — 20.5 64.1 4 . 5 2.1 1.8 21.1

Iea — — — — C^jH^OsN 4 57.5 4.6 — — — 57.5 4 . 6 — — —
lie — — — — C24H 220 9N 4 56.4 4.3 — — — 56.9 4.7 — — —

X lle — — — — c 15h 14o 6n 4 52.2 4.1 — — 9.0 52.0 3 . 9 8.8 — —

0 2,4-Dinitrophenylhvdrazone derivative of compound is signified by “e” following the Roman numeral. 6 These data 
were obtained by Grignard analysis, the “H” indicating the number of moles of active hydrogen generated by one mole 
of compound and the addition the number of moles of Grignard reagent consumed by addition to the carbonyl groups 
of the compound.

(24 ml., 0.24 mole) of oxalyl chloride was slowly heated to 
170-180°. Vigorous evolution of hydrogen chloride ensued, 
and the mixture became bright red. After refluxing 1.5 hr., 
the reaction mixture was distilled to give 25 ml. of m- 
dimethoxybenzene, b.p. 98-100°/6 mm., 30 ml. of a fraction 
200-210°/0.4 mm. which was recrystallized from alcohol 
to give 28 g. (38%) of I, m.p. 135-136°. 2,4-Dinitrophenyl- 
hydrazone of I, m.p. 150°, was rec.rystallized from a mixture 
of butanol and methanol. See Table I for analytical results.
The distillation residue was boiled with alcohol and the yel
low insoluble portion was recrvstallized first from butanol 
and then from xylene to give bright yellow crystals of a sub
stance, m.p. 193-195°, having the same empirical formula 
as I.

Anal. Found: C, 67.4; H, 5.4.
This latter substance was not investigated further.
2,2',4,4'-Tetramethoxybenzil (II). A well-stirred mixture of 

35 ml. of ;)!-dimethoxybenzene, 12.9 g. (9.0 ml.) of oxalvl 
chloride, and 200 ml. of ethylene chloride was cooled to 0° 
and 30 g. of aluminum chloride slowly added, the tem
perature being kept below 15°; the mixture became highly 
colored. Stirring was continued for 1 hr. at 15-20°; the tem
perature was then raised to 60° for 0.5 hr. After cooling, the 
aluminum chloride complex was decomposed with cold, 
dilute hydrochloric acid. The organic layer was separated, 
washed with water and dilute sodium hydroxide, dried, and 
distilled. A forerun of 5 ml. of m-dimethoxybenzene was 
recovered. The product distilled between 240-260° / l  mm. 
and was twice recrvstallized from ethanol to give 19 g. of 
white, platelike crystals of II, m.p. 129-130°. The 2,4- 
dinitrophenylhydrazone, m.p. 185°, was crystallized from 
benzene-methanol.

2,2'-Dihydroxy-4,4'-dimethoxybenzil (IV). A solution of
6.0 g. (0.02 mole) of II in 80 ml. of ethylene chloride was 
treated with 11 g. (4+ equivalents) of aluminum chloride.
The mixture was heated on the steam bath for 2 hr. and 
decomposed with cold, dilute hydrochloric acid. The organic 
layer was separated and extracted with 10% sodium 
hydroxide solution. Acidification of the alkaline phase pro
duced a white precipitate which was collected on a filter 
and dried; the yield was 6.0 g., m.p. 136-139°. One recrvstal- 
lization from butanol gave 4 g. and raised the m.p. to 149- 
150°.

2-Hydroxy-2'.4'\4 ‘'-trimethoxybenzil (III). If the amount of 
aluminum chloride is reduced to 5.32 g. (2 equivalents) in 
the preparation just described, a 14%, yield of III  (m.p.
145-146°) is obtained.

2,2'-Dihydroxy-4,4'-diinethoxybenzophenone (V). Demeth- 
ylation of I to V was accomplished in 59% yield by using the 
procedure described for IV.

Fig. 2. Ultraviolet absorption spectra in methanol of:
2,2',4,4'-tetramethoxybenzil (II) ---------; 2-hydroxy-2,2'-
dihydroxv 4.4'-dimethoxybenzil ( IV ) --------

2,2',4-Triinethoxybenzophenone (VI). A solution of 28 g. 
(0.2 mole) of 2-methoxybenzoyl chloride in 40 ml. of m- 
dimethoxybenzene was heated to reflux temperature. A 
vigorous reaction ensued, and the heat source was removed 
until the reaction had subsided. The mixture was then 
heated until the evolution of hydrogen chloride had stopped 
(about 1 hr.) and then distilled; 18 ml. of za-dimethoxy- 
benzene, b.p. 95-100°/5 mm., was recovered. The tempera
ture then rose quickly and a fraction, b.p. 180-200°/15 
mm., was collected; this fraction 47.5 g. (88.6%), z!2D5 1.608, 
is essentially VI.

2’,2,4-Trihydroxybenzophenone (VII). Thirteen and six-
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tenths grams of VI was dissolved in 80 ml. of ethylene 
chloride and 20 g. of aluminum chloride was added. The mix
ture was heated on the steam hath for 2 hr., then decom
posed with dilute hydrochloric acid. The aqueous layer was 
drawn off and the organic layer washed with water, then 
with dilute sodium hydroxide solution. The alkaline solu
tion was acidified and extracted with ethylene chloride. 
The ethylene chloride was removed in vacuo and the residual 
oil crystallized from benzene to give 4.1 g. of VII, m.p. 
128°.

3-Hydroxyxanthone (VIII) and 2,2'-dihxjdroxy-.(-me,thoxy- 
benzophenone (IX). Pyridine hydrochloride (70 g.) and 21.0 
g. of V were gently refluxed for 4 hr., then poured into 
water, and the precipitate, A, was collected on a filter. The 
solid, A, was added to 100 ml. of water and made alkaline 
with 50% sodium hydroxide solution; the solution was 
filtered and acidified; the precipitated solid amounts to 7.0 
g. This crude material was suspended in 25 ml. of warm 
acetic anhydride and a drop of sulfuric acid added. Heating 
was continued until solution was complete. After cooling, 
the precipitate was collected and then recrystallized from 
benzene to give 7.0 g. of 3-acetoxyxanthone,6 V illa , m.p. 
160°. Saponification of 19.0 g. of V illa  gave 15 g. of 3- 
hvdroxvxanthone, m.p. 242°. 3,6-Diacetoxyxanthone,7 1 m.p. 
203-204°, from xylene was prepared from I in a manner 
similar to that just described.

(6) St. v. Kostanecki and R. Rutishauer, Bcr., 25, 1648 
(1892).

(7) R. Meyer and A. Conzetti, Bcr., 32. 2103 (1899).

2-Aceloxy-J-methoxync.etophenone (XI). m-Dimethoxyben- 
zene (57 g., 0.54 mole) and 60 ml. of acetyl bromide were 
refluxed for 3 hr. and distilled. A fraction (32 g., 38% yield) 
was collected, b.p. 155-100°/5 mm., which is essentially 
XI, n2 *D° 1.550.

Anal, for C„H,,Oi. Calcd.: C, 63.3; H, 5.8. Found: C, 
63.8; H, 5.8.

The 2,4-dinitrophenvlhydrazone of XI was prepared in 
the usual manner, but in the process, the acetyl group is 
lost, m.p. 230°, from dioxanebutanol.

2-Hydrorxj-ll-xnelhoxyace1ophenone (XII). 2,4-Dimethoxy- 
acet.ophenone (18 g.) in 70 ml. of benzene was treated with 29 
g. of aluminum chloride. A vigorous reaction ensued. After 
the reaction had subsided, the mixture was heated on the 
steam bath for 0.5 hr., then decomposed with iced hydro
chloric acid. The benzene layer was extracted with dilute 
alkali, and the alkaline layer was acidified to give an oil. 
This, on distillation, gave 8 g. of XII, b.p. 145-147°/5 mm., 
which solidified, m.p. 46-48°, phenylhvdrazone, m.p. 107- 
108°. Saponification of XI with alcoholic potassium hy- 

. droxide also gave XII, as proved by the identity of its phenvl- 
hvdrazone, m.p. 107-108°, with th a t prepared above. The
2,4-dinitrophenylhvdrazone (m.p. 230°) of X II is identical 
to that of XI.

Acknowledgment. We are indebted to D. W. 
Stewart of these Laboratories for the ultraviolet 
spectra reported.
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Aromatic Phosphorodichloridites and Phosphorodichloridothioates.
I. Aryl Phosphorodichloridites
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A series of aryl phosphorodichloridites were prepared in yields of 84 to 98% by treating phenols with PC13 at a mole ratio 
of about 1:6 at reflux under atmospheric pressure and then completing this reaction by addition of catalytic amounts of 
anhydrous magnesium chloride.

For the preparation of the aryl phosphorodi
chloridites no satisfactory method was known at 
the outset of this investigation, although the first 
member of this series of compounds was described 
in 1883.1 There were two synthetic methods men
tioned in the literature;1-2

ArOR +  PCL — > ArOPCL +  HC1 (1)

(ArO).iP +  2PCL 3ArOPCl2 (2)

Phenol and its homologs were reported to react 
readily with phosphorus trichloride in equimolar 
proportions in the absence of catalysts or hydro
chloric acid acceptors, at about 20-60°. However, 
during the actual course of reaction 1 substantial

(1) E. Noaek, Ann., 218, 87 (1883).
(2) J. B. Conant, V. H. Wallingford, and S. S. Gand-

heker, J. Am. Chem. Soc., 45, 764 (1923).

amounts of bis- and tris-esters were regularly 
produced, b3-6

The reaction involving p-chlorophenol was re
ported to require a large excess of phosphorus 
trichloride in order to produce even small yields 
of p-chlorophenyl phosphorodichloridite.4

Even recently the yields for aryl phosphorodi
chloridites were reported to be not better than 25- 
50% of theory.6-7

Reaction 2 was reported to require a reaction 
temperature of 150° and to give only a 47% yield 
of phenyl phosphorodichloridite.2 All previous in-

(3) R. Anschutz and W. O. Emery, Ann., 239, 309 (1887).
(4) W. Streeker and Ch. Grossmann, Ber., 49, 85 (1916).
(5) W. Broeker, J. prakt. Chem. (2) 118, 287 (1928).
(6) G. R. Cebrian, Arch. inst. farmacol. exptl. (Madrid), 

8, 61 (1956).
(7) J. C. Bill and B. A. Hunter, U. S. Patent 2,732,365 

(1956).
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vestigators mentioned that the thermal instability 
of aryl phosphorodichloridites at temperatures 
above 150° made it additionally difficult to obtain 
these compounds in even moderate yields.

Our development work was concentrated on re
action 1 and revealed that this reaction, apparently 
because of its equilibrium character, required con
ditions which reduced the hydrochloric acid con
centration in the reaction mixture to a minimum. 
Operation under reduced pressure, causing reduc
tion of reaction temperature, made it more difficult 
to complete the conversion of less reactive phenols. 
A final reaction temperature of about 80° and oper
ation under atmospheric pressure were found to be 
desirable to complete the reactions within a reason
able time.

It was found necessary to use an excess of phos
phorus trichloride. A substantially smaller excess 
gave greatly reduced yields, in agreement with 
literature and patent examples.7'8 As substantially 
larger excess of phosphorus trichloride was not 
found to increase the yield.

The reaction rate of various phenols in reaction 
1 was found to decrease with increaseing dissocia
tion constants of the phenols. With 2,4,5-trichloro- 
phenol this rate was so low that the reaction with 
5 moles of phosphorus trichloride at 80° did not go 
to completion within 24 hr. We found that the 
presence of anhydrous magnesium chloride, known 
as a catalyst for this type of reaction,8 brought the 
conversion of 2,4,5-trichlorophenol essentially to 
completion within less than 10 hr. This catalyst 
was found to affect the reaction rate of other phe
nols in a similar manner. The presence of catalyst 
was necessary in all reactions involving orthohalo- 
genated phenols, in order to produce maximum 
yields in minimum reaction times. The proper tim
ing of catalyst addition was found to be of im
portance. The presence of catalyst in the reaction 
mixture during the entire reaction time gave 
noticeably smaller yields than presence of catalyst 
during the reaction of the second half of the phenol 
only.

In the absence of catalyst and in the presence 
of sufficient excess of PCI» halophenols reacted with
out side reaction according to reaction 1 exclusively 
but their reaction did not proceed to the point of 
complete conversion of the phenol. MgCI2 as a cata
lyst promoted not only reaction 1 but also unde
sired side reactions involving di- and trisubstitu
tion. Maximum yields were obtained when MgCI2 
was added after the noncatalytic part of the re
action of phenols with PC13 had come almost to a 
standstill.

Reaction 1 could be expected to be complete 
after evolution of one mole of hydrochloric acid 
per mole of phenol used. Owing to contamination 
of hydrochloric acid with some phosphorus tri

(8) C. L. Moyle, IT. S. Patents 2,170,833 (1939), 
2,220,113 and 2,220,845 (1940).

chloride, the accurate determination of the point 
at which exactly one mole of hydrochloric acid 
was formed was rather difficult. A more practical 
way to find the necessary reaction time was to 
continue the reaction until the reaction mixture 
contained only traces of unreacted phenol, as de
termined by infrared analysis. The method de
veloped did not work well with 2,6-disubstituted 
phenols owing to steric hindrance.

The aryl phosphorodichloridites prepared were 
.vacuum-fractionated twice for purification. The 
pure compounds were isolated as heavy, colorless, 
water-clear liquids. They were found to be soluble 
without decomposition in those organic solvents 
which did not contain carbonyl groups or reactive 
hydrogen. The results obtained were as shown in 
Table I.

We investigated the hydrolysis of aryl phos- 
phorodichloridites briefly. The reaction with liquid 
water at room temperature was found to be rather 
violent wish all phosphorodichloridites prepared. 
Reaction with moist air at room temperature was 
found to involve at least two different steps:

ArOPCb +  2H20  — =► ArOP(OH)2 +  2HC1 (3)

and
ArCP(OH)2 +  H20  — >- ArOH +  H3P 0 3 (4)

The two types of hydrolysis product formed, aryl 
phosphite and free phenol, were identified by the 
infrared-absorption bands of phosphite-hydroxyl 
and phenolic hydroxyl, located at 3.8 ±  0.3/i and
2.9 ±  0.1/i, respectively. Hydrolysis of phenyl 
phosphorodichloridite (C6H50PC12) and m-ethyl- 
phenyl phosphorodichloridite (m-C6H3-C6H40PCl2) 
was found to proceed according to reaction 3 while 
hydrolysis of chloroaryl phosphorodichloridites in
volved reaction 4 also. The rate of reaction 4 ap
parently was the higher the greater the dissociation 
constant of the phenol involved.

E X P E R I M E N T A L

Equipment. A 3-neck, round-bottom flask fitted with a 
thermometer and glass stirrer was used. Attached to the 
flask was a dropping funnel for addition of those phenols 
which were liquid at room temperature. (Solid phenols 
were added in small, crushed portions.) The flask was con
nected with a reflux condenser which in turn was con
nected with a saddle-packed water-scrubber. This permitted 
estimation o: hydrogen chloride as formed in the reaction.

Quality of starting products. Phosphorus trichloride was 
freshly redistilled from a commercial product. The phenols 
employed were purified products, as indicated in Table II.

Procedure. The flask was charged with phosphorus tri
chloride. Then the phenol was added portion-wise wTith agita
tion at mole ratios as given in Table I  over a period of about 
3 hr. a t temperatures below +20° in the case of liquid 
phenols and 25-30° in the case of solid phenols. After a clear 
solution was obtained the mixture was slowly warmed to 
reflux at atmospheric pressure. Alkylated phenols were 
more reactive than halogenated phenols and gave best 
yields when a t least half of the phenol was converted at a 
reaction temperature of less than 30° before the temperature 
was raised to mild reflux (about 80° in the mixture). Re-
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TABLE I
Aryl—OPCL

Aryl

Mole Ratio 
Aryl OH: 

PC13

Reaction
Time,

Hr.
Yield

(  % Theory)
P-Analysis, % 

Theor. Found d l ° » D

B.P. °/C. 
at 10 Mm.

1:6 10 84 15.89 15.87 1.3539 1.5588 90
C6H4- 1:5 11 93.4 13.89 13.93 1.2590 1.5474 115

i 4h 9—c 6h 3— 1:5 10 93.5 10.85 10.91 1.2870 1.5510 154
'"1 X T  C '  XT 
^4X19------ V^6il-3------- 1:5 12 91.1 9.39 9.47 1.4669 1.5676 165
h 4— 1:5 10 98 13.50 13.45 1.4686 1.5736 111-112
h 4— 1:5 9 85 13.48 1.4714 1.5749 113-113.5
c 6h 3— 1:6 12 88 11.7 1.5651 1.5860 134
c 6h 3— 1:6 12 86 11.74 11.67 1.5672 1.5869 138
c 6h 3— l : 5 to 1:20 10 to 20 83 to 87 11.65 1.5736 1.5894 136
- c 6h 2— 1: 5 to 1:7 10 to 20 90.3 to 90.7 10.38 10.35 1.6556 1.6007 154-155
- c 6h 2— 1:6 280a 11.0 10.39 1.6563 1.6012 156

C6H5—
™-c 2h 5-
2-C1-4-Î-C 
2-Br-4-i-( 
o-Cl—C6] 
p-Cl—C6:
2.4- Clj—I
2.5- CL—<
3,4-Clo—<
2.4.5- CV
2.4.6- Cl3-

° Reaction still incomplete.

TABLE II

Phenol
Physical

Properties

CVIL.OH9 F.p., +40.8°
m-Crib—CYILOH3 B.p., 75-77°/10 mm.
2-Cl-4-C4H 9—C6H3OH10 11 F.p., +12.4°
2-Br-4-04H 9—C6H3OHw F.p., +7.8°
o-Cl—C6H4OH3 F.p., +9.4°
p-Cl—C6H4OH9 M.p., 42-43°
2,4-CL—C6H3OH9 M.p., 44-45°
2,5-Ch—C6H3OHu M.p., 56.5-57.5°
3,4-CL—C6H3OH12 M.p., 64-66°
2,4,5-Cls—C6H2OH9 M.p., 64-65°
2,4,6-Cl3—C6H.OH9 M.p., 69-70°

action mixtures containing orthohalogenated phenols were 
less reactive and directly heated to reflux. The course of the 
reaction was followed by titration of hydrogen chloride dis
solved in the scrubber water. The reaction was not considered 
complete until the scrubber water showed almost neutral 
pH.

In order to obtain high yields it was found necessary to 
complete all reactions involving halogenated phenols in the 
presence of anhydrous magnesium chloride (0.01 mole per 
mole of phenol used). Originally, this catalyst was added to

(9) Purified commercial product.
(10) L. E. Mills and C. M. Galloway, U. S. Patents 

2,221,807 and 2,221,808 (1940).
(11) E. Noelting and E. Kopp, Ber., 38, 3510 (1905).
(12) Badische Anilin and Soda-Fabrik; German Patent 

156,333 (1903).

the clear phenol-phosphorus trichloride solution before 
warm-up. Better yields were obtained by addition of mag
nesium chloride after about one-third of the theoretical 
amount of hydrochloric acid was found in the scrubber 
water.

The total amount of hydrogen chloride evolved was found 
to be 124-143% of theory, depending upon the temperature 
of cooling water going into the condenser. The excess 
amount of hydrochloric acid found was produced by some 
phosphorus trichloride being evaporated along with the 
hydrogen chloride.

To find the point of complete phenol conversion, samples 
of reaction mixture were taken after the scrubber water had 
turned almost neutral. When infrared analysis showed the 
presence of less than 1 % of free phenol in the reaction mix
ture, after removal of excess phosphorus trichloride a t low 
temperature under vacuum, the reaction was considered to 
be complete.

Main product isolation. The reaction mixture was trans
ferred without filtration to a glass still equipped with 
thermometer and glass stirrer. Unreaeted phosphorus tri
chloride was taken off by distillation with agitation under 
atmospheric pressure until the temperature of the reaction 
mixture had risen to 140-145°. The crude concentrate ob
tained, remaining liquid at room temperature in all runs 
undertaken, was then distilled under a pressure of less than 
15 mm.

Purification. The main products obtained were frac
tionally redistilled twice at a pressure of 10 mm. through a 
fractionation column of 15 cm. length and 3 cm. diameter, 
packed with Berl saddles. The results obtained were those 
given in Table I.

M i d l a n d , M i c h .
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0-Aryl phosphorodichloridothioates are formed from phenols and PSC13 in the presence of catalysts or HCl-acceptors 
in yields of less than 75%. Sulfuration of O-aryl phosphorodiehloridites with PSC13 produces O-aryl phosphorodichlorido
thioates in yields of 75-92%. Noncatalyt.ic sulfuration with elemental sulfur gives yields of 86-90% but does not produce 
pure compounds. Reaction with sulfur in the presence of catalytic amounts of activated carbon and molar amounts of 
PSC13 give yields of 70-95% of pure compound. The composite reaction of O-aryl phosphorodiehloridites and PC13 with 
sulfur gives pure compounds in about 85% yield. The same reaction in the presence of molar amounts of an aryl phosphoro- 
dichloridothioate of the same structure as the one to be prepared gives pure compounds in yields of 93-98%.

In the past O-aryl phosphorodichloridothioates 
have been prepared in two ways:

ArylOH +  PSC13 — >- ArylOPSCL +  HC1 (a) 

ArylOPCL +  S — ArylOPSCL (b)

Reaction (a), in the absence of catalysts or 
HCl-acceptors, was reported to produce no 0- 
phenyl phosphorodichloridothioate.1 In the pres
ence of aqueous sodium hydroxide, or with sodium 
phenate in place of phenol, the yields were found 
to be low, owing to unavoidable side reactions in
volving hydrolysis and overesterification.2 Re
action (b) was reported to give O-aryl phosphoro
dichloridothioates at temperatures of about 200° 
but no yields were given.1’3 Both reactions were 
studied in various modifications to find methods 
which would produce high yields of phosphorodi
chloridothioate.

The following reactions also were investigated:
ArylOPCL +  PSCL---->- ArylOPSCL +  PC13 (c)

m ArylOPCL +  n PC13 +  (m +  n)S — >
m. ArylOPSCL +  n PSC13 (d)

A. Synthesis from phenols and PSCl3. Reaction 
(a) was investigated in the presence of pyridine, 
metal chloride catalysts, and phosphorus trichloride, 
respectively, which were expected to act as reaction 
promoters. The results obtained showed that the 
formation of O-aryl phosphorodichloridothioates 
from phenols and PSC13 in the presence of reaction 
promoters occurred in yields of less than 75% (cf. 
Table I).

B. Reactions of phosphorodiehloridites with PSCl3. 
Formation of phosphorothioates from certain 
phosphites and stoichiometric amounts of PSC13 
has been reported.4 The availability of a series of 
aromatic phosphorodiehloridites5 permitted investi
gation of their reaction with PSC13 according to 
reaction (o).

(1) R. Anschutz and W. O. Emery, Ann., 253, 105 
(1889).

(2) W. Authenrieth and W. Meyer, Ber., 58, 8-10 (1925).
(3) W. Strecker and Ch. Grossmann, Ber., 49, 63 (1916).
(4) H. B. Gottlieb, J. Am. Chem. Soc., 54, 748 (1932).
(5) H. Tolkmith, J. Org. Chem., 23, 1682 (1958).

TABLE I
ArylCPSCL f r o m  P h e n o l  a n d  PSC13 D i r e c t l y

Reaction
Promoter

ArylOPSCL
Obtained

Yield (% 
Theory)

Pyridine 4-N02—c ä o p s c l 55
2-C1-4-N 0 2—C6H3OPSCL 38.2
3-CI-4-N 0 2—C6H3OPSCL 38.1
2,4,6-CL—C6H2OPSCL 55.6

MgCL 2,4,5-CL—CcH.OPSCL 51
CuCl 2,4,5-CL—C6H2OPSCL 65
MgCL +  CuCl 2,4,5-CL—C6H20PSC1, 66.5

2-Cl-4-«-C4H 9—C6H3OPSCL 73.1
c 6h 5o p s c l 62.1

MgCL +  PC13 2,4,5-CL—C6H2OPSCL 67

It was found that phosphorodichloridothioates 
were formed with maximum yield when 100% 
excess of PSC13 was used and the phosphorus tri
chloride formed was removed by fractional distil
lation under atmospheric pressure during the re
action. On the basis of these findings a series of 
aryl phosphorodichloridothioates was prepared 
by sulfurating crude aryl phosphorodiehloridites 
with excess PSC13 in the absence of metal chloride 
catalysts (cf. Table II). This method was found 
to be very convenient for laboratory preparation 
of various aromatic phosphorodichloridothioates 
in yields of 75-92% and purities of higher than 97%.

TABLE II
ArylOPSCL f r o m  ArvlOPCL +  PSC13

ArylOPSCL

Boiling 
Range (°C. 
at 10 mm.)

Yield (% 
Theory)

Cellr.OPSCL 108-117 75.5
3-CoHs—CelROPSCb 130-138 92
2-C1—CelLOPSCL 127-136 76
2-Cl-4-i-C,H9—C6H3OPSCb 167-176 90.5
2-Br-4-i-C.,H9—C6H3OPSCL 175-186 80
2,4-CLCr,H3OPSCL 151-158 81.5
2,5-CLCJLOPSCL 155-164 76.5
3,4-CbCJLOPSCL 152-162 84.5
2,4,5-CLC6H»OPSCL 167-177 79.5

C. Noncatalytic reactions of phosphorodiehloridites
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with sulfur. A reinvestigation of the known re
action (b) with several aryl phosphorodichloridites 
showed that this reaction did not taxe place below 
150° if catalysts were absent. At around 170° 
undiluted equimolar mixtures of reactants pro
duced exothermic reactions causing a rapid rise of 
the reaction temperature to 230-250°. At such re
action end-temperatures partial decomposition took 
place causing unsatisfactory yields.

It was found that reaction temperatures of 160- 
180° were critical for obtaining high yields and 
that reaction times of 1.5-2 hours tvere sufficient to 
complete the reaction. The necessary range of 
reaction temperature was maintained by slow addi
tion of one reactant to the other or by heating the 
mixture of the reactants under the same conditions 
in the presence of small amounts of a diluent which 
boiled at 125-160° under atmospheric pressure. 
Under these precautions stoichiometric mixtures 
of reactants gave consistently high yields of 0 - 
aryl phosphorodichloridothioates. I t was found, 
however, that the reaction main products were 
regularly contaminated by unreacted starting 
products (cf. Table III). Removal of these im
purities by repeated vacuum fractionation was not 
entirely successful. Therefore, this method was not 
suitable without modification for preparation of 
aromatic phosphorodichloridothioates in high 
purity.

dite caused a noticeable reduction of yield. Re
actions in the presence of activated carbon and 
silica gave reaction temperatures which went 
through a characteristic minimum (cf. Experimen
tal, Table VIII). This indicated that PSC13 was 
not merely a diluent but participated in the sul
furation reaction although it was finally recovered 
in high yields. Sulfur monochloride in place of 
PSC13 gave reduced yields.

Reaction (b), when carried out in the presence 
of PSCI3 and catalytic amounts of activated carbon, 
gave phosphorodichloridothioate which contained 
less than 0.5% of elemental sulfur as the only im
purity. However, the yields obtained were not 
better than those obtained from the nonmodi- 
fied reaction (b).

E. Composite reaction of sulfur with phosphorodi- 
chloridite and PCI3.The results described in Section 
D led to the conclusion that pure ary! phosphorodi
chloridothioates could be obtained by the reaction 
of phosphorodichloridites with an excess of sulfur, 
if coupled with removal of unreacted sulfur by a 
scavenger which would form a volatile sulfur 
derivative that could easily be separated from the 
main product by fractional distillation. Most 
suitable for this purpose appeared to be the use of 
phosphorus trichloride. Accordingly, the sulfura
tion was based upon the following composite re
action :

TABLE III
N o n c a t a l y t i c  ArylOPCk-SuLFUR R e a c t i o n s

___________________ArylOPSCl; Obtained___________________
Moles of Diluent/Mole Yield Purity

Ary'.OPCh Structure ( % Theory) ( %)

None 2,4,5-Ck—CtHjOPSCh 8 6 96.5
0 . 2 S-C2H2CI4 3-C2H 5—C6H iOPSC12 8 6 96.0
0.37 C6H5Br 3,4-CU—CeHjOPSCh 90.5 96.0
0 . 2 PSCI3 2-C1—C6H 40PSC12 90.0 98.8

D. Catalytic phosphorodichloridite-sulfur reactions. 
The observation that the reaction of phosphorodi
chloridites with sulfur gave phosphorodiehlorido- 
thioates in high yield and fair purity, if carried out 
in the presence of PSC13 (cf. Table III), was ap
parently new though not entirely unexpected in 
view of the findings reported in the Sections B 
and C. This reaction was investigated more in de
tail in the presence of catalytic amounts of anhy
drous aluminum chloride,6 silica-powder and acti
vated carbon.

It was found (cf. Table IV) that the reaction was 
most effectively catalyzed by highly activated 
carbon (Darco G60). The other catalysts investi
gated proved to be inferior. Presence of increasing 
quantities of PSCI3 up to 2.5 moles per mole of 
phosphorodichloriditc gave increasing yields. Chlo
rination of the aryl group of the phosphorodiehlori-

m ArylOPCk +  n PCI3 +  (m +  n) S — >
m ArylOPSCh +  n PSOfi (d)

In practice, reaction (d) was carried with an ex
cess of PCI3 and studied with 2,4,5-Cl3C6H2OPCl2, 
because chlorinated aryl phosphorodichloridites 
were found to sulfúrate less readily than nonhalo- 
genated aryl phosphorodichloridites. It was found 
that reactions in the presence of an excess of sulfur 
and PC13 gave 2,4,5-Cl3C6H2POSCl2 with 99.3% 
purity and in a yield of about 85% (cf. Table V). 
From previous experiences it was known that sul
fur would react somewhat better if dissolved prior 
to reaction. This suggested that reaction (d) could 
advantageously be carried out by employing 
as the sulfur solvent an aryl phosphorodichlorido
thioate of the same structure as the one to be pre
pared. Thus, it was possible to obtain the pure main 
product in yields of 93-98% by employing as the 
sulfur solvent 1.0-1.5 moles of 2,4,5-Cl3C6H2-(6 ) Cf. F. F. Knotz, U. S. Patent 2,715,561 (1955).
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TABLE IV
ArylOPCL-SuLFurt R e a c t i o n s  i n  t h e  P r e s e n c e  o f  PSC13 a n d  V a r i o u s  C a t a l y s t s

Catalyst

Moles of PSCl3 

per Mole of 
ArylOPCfi Structure

Yield
(% Theory)

Impurities
(% S )

AlCla 3.0 2,4,6-Cl3C6H2OPSCl2 41.5 0.4
Si02 2 . 0 3-C2H 5—C6H 40PSC12 62.5 0.23

2 . 0 3-C2Hs—C6H 40PSC12 95.0 0.23
2 . 0 2-C1—C6H 40PSC12 94.5 0.34

Act. Carbon 2 . 0 4-C1—c 6h 4o p s c i 2 8 8 . 0 0.35
2.5 Ì 8 8 . 0 0.3
0.74 2,4,5-Cl3C6H 2OPSCl2 68.5 0.4
None 59.5 0.5

TABLE V
C o m p o s i t e  R e a c t i o n  ( d )  i n t h e  A b s e n c e  a n d  i n  t h e  P r e s e n c e  o f  ArylOPSCl2

Yield (%
PCI,“ S“ ArylOPSCl, 0 Structure Theory) Impurities

0 .4  1.0 --  ' 78.7 10% 2,4,5-Cla—
C6H 20PC12

0.5 1.16 — 84.5 0 . 6 % S
0.5 1.16 0 . 1 2,4,5-Cl3C6H 2OPSCl2 8 6 . 6

0.5 1.16 0.5 8 8 . 0

0.5 1.16 1 . 0 92.6 Less than
0.5 1.16 1.5. 97.5 0.2%  S
0.5 1.10 1 . 0 2-Cl-4-i-C4H 9C6H3OPSCl2 95.8 j

“ In moles per mole of phosphorodichloridite.

TABLE VI
A r y l  P h o s p h o r o d i c h l o r i d o t h i o a t e s

Sulfur Analysis B.P.,
Aryl (Calcd.) (Found) dl° n2D° °C/10 mm.

CeH5— 14.12 14.16 1.4091 1.5766 116
3-C2H 5—c «h 4— 12.57 12.70 1.3327 1.5683 136
2-C1—C61I,— 12.26 12.31 1.5048 1.5861 134
4-C1—C J I 1— 12.26 12.10 1.5068 1.5869 141
2-Cl-4-t-C4H 9—C6H3— 10.09 10.04 a 175
2-Br-4-i-C4Hj—CeH3— 8 . 8 6 9.02 6 185
2,4-Cl2C6H3— (10.72 1.5913 1.5960 158
2,5-Cl2C6H3— 10.83 h o .  80 1.5943 1.5962 162
3,4-CI2C6H3— (1 0 . 6 6  1.5998 1.5985 160
2,4,5-Cl3C6H2— 9.70 9.78 1 .6728c 1 .6072c 175
2,4,6-Cl3C6H2— 9.70 9.72 d 178
4-N O2—CeH4— 11.85 12.06 e —

2-Q-4-N 0 2—C6H3—- 10.46 10.32 1.6127' 1.6094'
3-C1-4-N 0 2—C6H3— 10.46 10.90 1.6219/ 1.6063'

° M.p. 37-38°.6 M.p. 41-42° . c M.p. +14°. d M.p. 47-48° .6 M.p. 53-54°. ! Data on crude product.

OPSCI2 per mole of 2,4,5-Cl3C6H2OPCl2 (cf. 
Table V).

This method was found to produce pure aryl 
phosphorodichloridothioates in almost quantitative 
yields and to be the most economical of all methods 
investigated. I t was not suitable for thermo-un
stable compounds, like nitrophenyl phosphorodi- 
chloridites.

E. Physical properties. For the purpose of puri
fication the O-aryl phosphorodichloridothioates 
prepared were vacuum fractionated twice through 
a 15 cm. Vigreux column. The highest thermal

stability was shown by 2-halo-4-tert-butylphenyl 
phosphorodichloridothioates which did not de
compose when heated at 190-200° for 10 hours. 
Polyhalophenyl compounds showed some decompo
sition under these conditions. Nitrophenyl phos
phorodichloridothioates are much less stable and 
tend to decompose violently at such temperatures.

The pure phosphorodichloridothioates were iso
lated as viscous, almost colorless liquids. Some of 
them solidified after a few hours and were recrystal
lized from petrol ether (30-60°). All compounds 
prepared (cf. Table VI) were found to be soluble
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without decomposition in those organic solvents 
which did not contain reactive hydrogen or car
bonyl groups.

E X P E R I M E N T A L

Starting products. The phenols and aryl phosphorodi- 
chloridites used were of a purity as described in the pre
ceding paper.6 Thiophosphoryl chloride, pyridine, and phos
phorus trichloride were employed as freshly redistilled com
mercial grade products.

Reaction (a) in the presence of pyridine. Pyridine, 565 g., 
was added to an agitated solution of 1385 g. of 2,4,6- 
CljCsBhOH and 5940 g. of PSC13 in 3.5 1. of benzene at 25- 
28°. The reaction mixture was agitated for 24 hr. a t room 
temperature, filtered, the pyridine hydrochloride washed 
with ether, and the combined filtrates concentrated under 
atmospheric pressures up to a pot temperature of 130°. 
After cooling, the residue was filtered again and the filtrate 
concentrated up to a pot temperature of 110° a t 13 mm. 
The residue was dissolved in 1 1. of petroleum ether (b.p. 
30-60°) and set aside for crystallization. A total of 785 g. of 
white crystals of 2.4,6-Cl3C6H2OPSCl2 was obtained, m.p. 
47-48°. Chemical analysis gave 53.7% Cl, 9.73% S. and 9.5%
P. The mother liquor was evaporated and the residue vacuum 
fractionated. This gave 498 g. of 2,4,6-Cl3CsH2OPSCl2 which 
boiled sharply at 166° at 6 mm. Total yield of 2,4,6-Cl3C6H:r 
OPSCl2, 1283 g. (55.6% yield).

Anal. Calcd. for C6H2C150PS: Cl, 53.7; P, 9.4; S, 9.7. 
Found: Cl, 53.5; P, 9.3; S, 9.8.

Chloronitrophenol, 347 g., and p-nitrophenol, 278 g., 
respectively, were dissolved in 1 1. of ether. These solutions 
were added to agitated mixtures of 1700 g. of PSC13 plus 0.2 
1. of methylene dichloride plus 165 g. of pyridine a t + 4  to 
+  8° during 5 hr. (water cooling). The reaction mixtures 
were kept agitated for 6 hr. a t 10-20°. After having stood 
overnight at room temperature, the mixtures were filtered 
and the filtrates evaporated to a pot temperature of 65°/12 
mm. Methylcyclohexane (700 cc.) was added and again 
evaporated in the same manner. Each residue was extracted 
twice with a mixture of 500 cc. of cyclohexane and 500 cc. 
of petroleum ether (30/60°) and then with 500 cc. of cyclo
hexane alone. The hydrocarbon solution was evaporated to 
a pot temperature of 76° under 12 mm. and left the crude 
main products.

Recrystallization of crude 4-N02-C6H40PSCl2 from petro
leum ether (30/60°) gave 299 g. (55% yield) of almost 
colorless crystals melting at 53-54°.

Anal. Calcd. for C6H4C12N 03PS: S, 11.85. Found: S,
12.06.

The crude O-chloronitrophenyl phosphorodichloridothio- 
ates could not be brought to crystallization and were 
analyzed without further purification. The data obtained 
are shown in Table VII.

hydrous CuCl, and 5.0 g. of a 1:1 mixture of anhydrous MgCl 
plus CuCl, respectively. After a reaction time of 15 hr. the 
mixtures were filtered and fractionated through a 15 cm. Vig- 
reux column a t 10 mm. pressure. While the first fraction con
sisted of excess PSC13, the second fraction of all three runs 
consisted of unreacted phenol, identified by freezing point and 
IR-analysis as described in the preceding paper. The runs 
were repeated with a total reflux time of 40 hr. and vacuum 
fractionated. The runs in the presence of MgCh and CuCl 
again gave unreacted 2,4,5-Cl3C6H2OH, in amounts of 68 
g. and 25 g. respectively. Their third fraction consisted of 
385 g. and 490 g. of 2,4,5-Cl3C6H2OPSCl2, boiling a t 172- 
177° under 10 mm. pressure. The run in the presence of a 
MgClrCuCl catalyst mixture gave no unreacted 2,4,5- 
Cl3C6H2OH and 501 g. (66.5% yield) of 2,4,5-Cl3-C6H2OP- 
SC12, boiling at 170-177° a t 10 mm. Redistillation of main 
product gave 2,4,5-Cl3-C6H2OPSCl2, boiling at 175° a t 10 
mm. and showing a freezing point of +14°.

Anal. Calcd. for C6H2C160PS: S, 9.7. Found: S, 9.78.
Solutions of CeH5OH, 94g., and 2-Cl-4-i-C4H 9-C6H3OH, 

185 g., respectively, in 850 g. of PSC13 were refluxed at 
atmospheric pressure with agitation in the presence of 1 g. 
of anhydrous MgCl2 plus 1 g. of anhydrous CuCl. After a 
reaction time of 36 hr. the excess of PSC13 was removed by 
distillation under a pressure of 50 mm. The residues obtained 
were filtered and fractionated through a 15 cm. Vigreux 
column at a pressure of 10 mm. In either run, no unreacted 
phenol was recovered. The main cuts of these runs repre
sented the desired phosphorodichloridothioates, i.e., C6H6- 
OPSCl2 [141 g. (62.1% vield) of a boiling range of 112-117° 
a t 10 mm.] and 2-Cl-+i-C4H 9-C6H3OPSCl2 [232 g. (73.1% 
yield) of a boiling range of 171-178° at 10 mm.]. Redistilla
tion of them under the same pressure gave boiling points of 
116° and 175°, respectively. The 2-chloro-4-i-butylphenyl 
derivative solidified upon standing and was recrystallized 
from petroleum ether (30/60°) to give white crystals melt
ing at 37-38°.

Anal. Calcd. for CelRChOPS: S, 14.12; Found: S, 14.16. 
Calcd. for C10H i2C13OPS: S, 10.09. Found: S, 10.04.

Reaction (a) in the presence of PCl3 plus MgCk. A solution 
of 594 g. of 2,4,5-Cl3C6H2OH in a mixture of 3000 g. of 
PSC13 plus 1650 g. of phosphorus trichloride was refluxed 
with agitation under atmospheric pressure in the presence 
of 3 g. of anhydrous magnesium chloride. After 24 hr. of 
reaction time at 100-102° the reaction mixture was vacuum 
fractionated as described and gave 666 g. (67% yield) of
2,4,5-Cl3CeH2OPSCl2, boiling at 166-176° at 10 mm. and 
identified by infrared analysis.

Reaction (c). A mixture of one mole of an O-aryl phos- 
phorodichloridite and two moles of PSC13 was heated with 
agitation under atmospheric pressure. At a pot temperature 
of 125°, phosphorus trichloride started to evolve and was 
immediately removed through a saddle-packed column of 
50 cm. length. During a reaction time of 4 hr. the pot tem
perature rose steadily to 155° while the temperature at the

TABLE VII
O - C h l o r o n i t r o p h e n y l  P h o s p h o r o d i c h l o r i d o t h i o a t e s

Structure
Exterior appearance 
Crude yield 

(Cl
Found (P 

(S

2-C1-+N 0 2—C6H30PSC12 
Reddish-brown oil
234 g. (38.2%) 
34.3 
10.1 
10.32

3-C1-+N 0 2—C6H30PSC12 
Olive-colored o 1
233 g. (38.1%)
34.6
10.6
10.9

Anal. Calcd. for C6H3C13N 0 3PS: Cl, 34.8; P, 10.22; 
S, 10.46.

Reaction (a) in the presence of metal chlorides. In  three par
allel runs a mixture of 453 g. of 2,4,5-Cl3C6H2OH and 1700 g. 
of PSC13 was refluxed with agitation under atmospheric pres
sure in the presence of 2.5 g. anhydrous MgCl2, 2.5 g. of an-

head of the column remained at the boiling point of PC13 
(78-80°). Then the temperature at the head of the column 
rose rather rapidly to 124° and remained there (boiling 
temperature of PSC13). This indicated that the reaction was 
complete. The reaction mixture was fractionated first under 
a pressure of 50 mm. to remove all unreacted PSCL and then
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under a pressure of 10 mm. to obtain the phosphorodichlo- 
ridothioate formed. The results obtained were as given in 
Table II. The compounds isolated were twice vacuum frac
tionated through a 15 cm. Vigreux column and the distil
lates analyzed for sulfur. The data obtained were those 
given in Table VI.

Reaction (6), noncatalytic. Sulfur, 21.5 g., was added in 
portions over a period of 1 hr. to an agitated quantity of 
200 g. of 2,4,5-Cl3C6H2OPCl2, heated at 160° under atmos
pheric pressure. Agitation was continued for 2 hr. a t 160- 
166°. Vacuum distillation of the reaction product gave 197 
g. (86% yield) of 2,4,5-Cl3C6H2OPSCl2 of 96.5 purity ac
cording to IR  analysis employing pure standards of 2,4,5- 
C13C6H20PSC12 and' 2,4,5-Cl3C6H2OPCl2.

A mixture of 3-C2H5-C6H4OPCl2, 112 g., with sulfur, 16 
g., and s-C2H2C14, 17 g., was heated to  160° over a period 
of 1 hr. with agitation under atmospheric pressure. The 
reaction mixture was kept agitated under the same condi
tions for 2 hr. and then fractionated through a 15 cm. 
Vigreux column under reduced pressure. After removal of 
diluent a main cut of 110 g. (86% yield) of 3-C2H5-C6H4- 
OPSCl2, b.p. 129-138° at 10 mm., was obtained. Infrared 
analysis employing pure standards indicated a purity of 
96.0%.

Sulfur, 39 g., was added in portions over a period of 1.5 
hr. to an agitated solution of 3,4-Cl2-C8H3OPCl2, 320 g., in 
CsIRBr, 70 g., heated at 170-177° under atmospheric pres
sure. The reaction mixture was kept agitated under these 
conditions for another 0.5 hr. Workup of reaction mixture 
and analysis of main cut was as described in the preceding 
run. Obtained was 325 g. (90.5% yield) of 3,4-Cl2-C8H4- 
0PSC12; boiling range, 157-162° at 10 mm.; purity, 96% by 
infrared analysis.

Sulfur, 48 g., was added in small portions over a period of 
1 Vs hr. to an agitated solution of 2-Cl-C6H4OPSCl2, 345 g., in 
PSC13, 51 g., and heated at 175-180° under atmospheric 
pressure. Agitation was continued for another 0.5 hr. under 
the same conditions. Workup of reaction mixture, isolation, 
and analysis of main cut was as described in the preceding 
experiment. Obtained was 353 g. (90% yield) of 2-C1- 
C6H40PSC12, boiling a t 128-138° a t 10 mm. and showing 
98.8% infrared purity.

Catalytic reaction (6) in the presence of PSCk. An agitated 
mixture of 10.5 g. of sulfur with 158 g. of PSC13 was warmed 
to 75° and then 2 g. of anhydrous aluminum chloride added. 
Over a period of 1 hr. 93 g. of 2,4,6-Cl3C6H2OPCl2 was 
added at 55-80°. The reaction mixture was refluxed for 1 
hr. under atmospheric pressure, filtered, and vacuum frac
tionated through a 15 cm. Vigreux column. The first cut, 
boiling at 58-65° at 100 mm. weighed 135 g. and was found 
to consist of unreacted PSC13, by infrared analysis. The main 
cut, boiling at 177-181° at 11 mm., weighed 43 g. (41.5% 
yield) and represented 2,4,6-Cl3-C6H2OPSCl2 of 99% infra
red purity.

Anal. Calcd. for C6H2C150PS: S, 9.7. Found: S, 10.1.
An agitated mixture of 67 g. of 3-C2H5-C6H4OPCl2 with 

102 g. of PSC13 and 10.0 g. of sulfur was heated at reflux 
under atmospheric pressure in the presence of 1.5 g. of 
anhydrous, powdered silica, and 1.5 g. of activated carbon 
(Darco G60), respectively. In the presence of silica the 
reaction temperature of the refluxing mixture changed from
137-114-132° over a period of 26 hr. In the presence of 
Darco G60 the reaction temperature changed from 132- 
115-140° within 19 hr. After these reaction times the mix
tures were filtered and vacuum fractionated ass described 
in the foregoing run. The run in the presence of silica gave 
48 g. (62.5% yield) and the run in the presence of activated 
carbon gave 72.5 g. (95% yield) of main cut, boiling at ISO- 
1370 at 10 mm. and identified by infrared analysis.

Anal. Calcd. for CgH 9Cl2OPS:'S, 12.57. Found: S, 12.8.
Mixtures of 115 g. of monochlorophenvl phosphoro- 

dichloridite with 170 g. of PSC13, 16.5 g. of sulfur and 3 g. 
of Darco G60 were refluxed with agitation under atmos
pheric pressure. The reaction temperature of the mixtures

changed from 132-115-140° C. during 19 hr. The runs were 
filtered and vacuum fractionated as described above. 
Obtained 124 g. (94.5% yield) of 2-ClC6H4OPSCl2, boiling 
at 130-136° under 10 mm., identified by infrared analysis. 
The other run gave 115 g. (88% yield) of a compound boil
ing at 135-142° under 10 mm.

Anal. Calcd. for C6H4C130PS: Cl, 40.68; P, 11.85; S, 
12.26. Found: Cl, 40.8; P, 11.5; S, 12.6.

An agitated mixture of 149 g. of 2,4,5-Cl3C6H2OPCl2 with
16.5 g. of sulfur, 20 g. of S2C12, and 2.5 g. of activated carbon 
was refluxed under atmospheric pressure for 85 min. The 
reaction temperature rose from 135° to 148°. The run was 
filtered and vacuum fractionated. The main cut consisted 
of 86 g. (52% yield) of 2,4,5-Cl3C6H2OPSCl2, boiling a t 155- 
179° at 11 mm. I t  showed 90 ±  2% purity by infrared 
analysis.

Anal. Calcd. for C6H2C160PS: S, 9.7. Found: S, 10.87.
Mixtures of 298 g. of 2,4,5-Cl3C6H2OPCl2 with 33 g. of 

sulfur and 5 g. of Darco G60 were heated with agitation 
under atmospheric pressure in the presence of varying 
quantities of PSC13. The runs were worked up as described 
in the previous experiments. The results obtained were as 
given in Table VIII.

TABLE VIII * 44
R e a c t i o n  o f  2,4,5-Cl3C6H2OPCl2 W i t h  S u l f u r  i n  t h e  

P r e s e n c e  o f  PSC13 a n d  A c t i v a t e d  C a r b o n

Main Product
Reaction Sulfur

PSC13 Temp., Time Yield found
(g.) °C. (hrs.) (g-) (%)

None 135-138 2 195 10.2
125 136-122-160 16 226 10.1
420 130-122-137 20 290 10.0

Composite Reaction (d). Sulfur, 32 g., was added in small 
portions over a period of 3.5 hr. to an agitated mixture of 
298 g. of 2,4,5-Cl3H6H2OPCl2 and 55 g. of phosphorus tri
chloride at a temperature of 155-175° at atmospheric 
pressure. Vacuum fractionation of the reaction mixture gave
44 g. of a PC13-PSC13 mixture and 288 g. of an impure 2,4,5- 
C13C6H20PSC12. This product had a boiling range of 155- 
176° at 11 mm. and contained 10% of 2,4,5-Cl3C6H2OPCl2, 
by infrared analysis.

A mixture of 298 g. of 2,4,5-Cl3C6H2OPCl2 with 69 g. of 
phosphorus trichloride was added to 37 g. of sulfur over a 
period of 2 hr. a t 160-175° with agitation under atmospheric 
pressure. The reaction mixture was kept agitated for an 
additional 2 hr. under the same reaction conditions and then 
vacuum fractionated. This gave 281 g. (84.5% yield) of a
2,4,5-Cl3CeH2OPSCl2 boiling at 171-176° at 10 mm.

Anal. Calcd. for CeF^CLOPS: S, 9.7. Found: S, 10.3.
In order to carry out the composite reaction (d) in the 

presence of aryl phosphorodichloridothioate, mixtures of 
298 g. of 2,4,5-Cl3C6H2OPCl2 with 69 g. of phosphorus tri
chloride were added dropwise over a period of 2 hr. a t 160- 
175° to agitated mixtures of 37 g. of sulfur and 2,4,5- 
C13C6H20PSC12 in amounts of 33, 165, 330, and 495 g. 
respectively. After completed addition the mixtures were 
kept agitated under the same reaction conditions for another 
2 hr. Vacuum fractionation of the runs gave 2,4,5-Cl3C6H2- 
OPSCl2 in amounts of 319, 455, 636, and 816 g. respectively. 
The main cuts showed a boiling range of 171-178° at 10 
mm. The amounts of 2,4,5-Cl3C6H2OPSCl2 actually produced 
were 286, 290, 306, and 321 g., respectively. The products, 
isolated by vacuum fractionation, showed absence of un
reacted 2,4,5-Cl3C6H2OPCl2 by infrared analysis. Sulfur 
analysis gave 9.7 to 9.72% of total sulfur in the products.

Sulfur, 32 g., was added portion wise over a period of 2 
hr. to an agitated mixture of 286 g. of 2-Cl-4-i-C4H9-C6H3-
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OPCl2 plus 69 g. of phosphorus trichloride plus 318 g. of 
2-Cl-4-f-C4H9-CeH3OPSCl2 a t 160-175° under atmospheric 
pressure. The reaction mixture was kept under the same 
conditions for an additional 2 hr. and then vacuum-frac
tionated. A total of 622 g. of desired product was obtained,

boiling at 173-177°/10 mm. Actual yield, 304 g. =  95.8% 
theory.

Anal. Calcd. for C10II 12CI3OPS: S, 10.09. Found: S, 10.2. 

M i d l a n d , M i c h .

[ C o n t r i b u t i o n  f r o m  t h e  E .  C .  B r i t t o n  R e s e a r c h  L a b o r a t o r y  o f  T h e  D o w  C h e m i c a l  C o m p a n y ]

A rom atic  P h osp h orod ich lorid ites and P h osp h orod ich lorid oth ioates.
III. S tru ctu re  and P h ysica l Properties

HENRY TOLKMITH

Received April 22, 1958

The refractive and vapor pressure data of 0-aryl phosphorodichloridites and 0-aryl phosphorodichloridothioates were 
investigated.

The availability of a series of aryl phosphoro
dichloridites1 and phosphorodichloridothioates2 of 
sufficient purity made it possible to study some re
lationships between their structure and certain 
physical properties. The investigation described 
in the following concerned refractive and vapor 
pressure data.

Molecular refraction. Some extensive studies on 
refractivities of organic phosphorus compounds 
have been carried out.3’4 5 Since then the atomic 
refractions determined by Kabachnik4 were found 
to be the most accurate ones, they were employed 
in the calculation of the molecular refraction of 
phosphorodichloridites and phosphorodichlorido
thioates (cf. Table I).

Aryl phosphorodichloridites were found to show 
an average deviation of 0.25 cc./mole of the theo
retical values from the experimental molecular 
refractions. The calculation of the theoretical 
refractions of aryl phosphorodichloridothioates 
was made on the basis of two different values6 7 8 9’6 
for the atomic refraction of sulfur in the P= S  
group. It was found that the experimental values 
of the molecular refraction were about 0.2 cc./- 
mole lower than the theoretical values, based upon 
Vogel’s sulfur value of 10.23 (cf. Table I) and about 
0.33 cc./mole higher than those theoretical values 
as calculated from Kabachnik’s value of 9.7.

It is well known that the atomic refraction of 
phosphorus is not constant but varies with the 
structure of its organic compounds. Even for a 
given type of compound, containing direct C—P

(1) H. Tolkmith, J. Org. Chem., 23, 1682 (1958).
(2) H. Tolkmith, J. Org. Chem., 23, 1685 (1958).
(3) W. J. Jones, W. C. Davies, and W. J. C. Dyke, J. 

Phys. Chem., 37, 583 (1933).
(4) M. I. Kabachnik, Izvest. Akad. Nauk, S.S.S.R., Oldel. 

Khim. Nauk, 219 (1948).
(5) VI. I. Kabachnik, Izvest. Akad. Nauk S.S.S.R., Oldel. 

Khim. Nauk, 163 (1953).
(6) P. W. Vogel, Abstracts of the 122nd Meeting of the 

American Chemical Society, Atlantic City, N. J., Sept. 16, 
1952, page 42m.

TABLE I
M o l e c u l a r  R e f r a c t io n s

MR Calculated 
from

Type of MR Atomic Bond
Compound Aryl Found refr. refr.

ArylOPCk C6H6 46,.49 46..57 46 .67
m-C2H— C6H2 56 .22 55 .81 55 .97
2-C1—C6H4 51 .52 51..54 51 .59
4-C1—C6H4 51..52 51..54 51 .59
2-C1-4-Í-CJR—C6H3 70..78 70 .01 70 .19
2-Br-4-Z-C4H 9—C6H3 73..55 72..81 72 .98
2,4-Cl,—C6H3 56..59 56..51 56 .52
2,5-Cl2—CeHj 56..58 56..51 56 .52
t3,4-Cl2—CeHg 56..55 56,.51 56 .52
2,4,5-Ch—c 6h 2 61,.70 61..47 61..44
2,4,6-Cl3—C6H2 61.,72 61.,47 61 .44

S
¡1 c 6h 5 53. 14 53. 51 53..12

ArylOPCh m-C2H5—C6H4 62. 65 62. 75 62..42
2-C1—C6II4 58. 33 58. 48 58..04
4-C1—C6H4 58. 32 58. 48 58..04
2,4-Cl2—C6H4 63..28 63..45 62..97
2,5-Cl2—C6H3 63..18 63..45 62..97
3,4-Cl2—C6H3 63. 27 63..45 62..97
2,4,5-Cl2—C6II2 68. 24 68. 41 67..89
2-C1—'4-N 0 2—CsH3 65. 84 65. 94

bonds, the value for the atomic refraction of 
phosphorus is known to depend on the nature of 
the carbon atom (aliphatic or aromatic). Moreover, 
refraction is a property not of atoms but of bonds, 
fundamentally. I t is desirable, therefore, to compute 
molecular refractions of phosphorus compounds 
from P-bond refractions. So far, three attempts at 
establishing systems of refractive values for phos
phorus bonds have been reported.7-9 They show 
considerable deviation in the values assigned to 
several P-bonds. An independent computation,

(7) C. P. Smyth, Phi’. Mag., 50, 361 (1925).
(8) W. H. Keeber and K. W. Post, J . Org. Chem., 21, 

509 (1956).
(9) F. Feher and A. Blumcke, Chem. Ber., 90, 1934

(1957).
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carried out in connection with investigations 
described in this paper, gave the following tenta
tive values for refraction of phosphorus bonds: 
P—0 (ester bond) 3.15, P-Cl 8.75 and P = S 6.45. 
These data in combination with the values for 
carbon bond refractions found by A. I. Vogel,10 
permitted calculation of theoretical molecular re
fractions of phosphorodichloridites and phosphoro- 
dichloridothioates on the basis of bond refractions. 
It was found (c/. Table I) that the data for experi
mental and theoretical molecular refractions of 
both groups of compounds showed an average de
viation of 0.22 cc./mole.

Vapor pressure. The literature was found to 
contain very little on relationships of vapor pres
sure with structure of organic phosphorus com
pounds. Stull11 had reported on the vapor pressure 
of some aryl phosphates and Kosolapoff12 had in
vestigated aliphatic phosphonates. For the purpose 
of the present investigation, the boiling points of 
five phenyl phosphorodichloridites and five phenyl 
phosphorodichloridothioates were measured under 
reduced pressure (c/. Table II).

The C-values thus obtained (cf. Table III) per
mitted calculation of the B-constants according
to13

B = g-1 . ( t4 +  C)(t3 +  C)v3 — ti

Finally, the A-values were calculated on the basis 
of the Antoine equation itself. I t  was found that 
the B-values of all compounds investigated actually 
were a constant; its value was 2336.25. All of the 
A-values also were found to be a constant whose 
figure was 7.5622.

To check the reliability of the values determined 
for A, B, and C, a series of boiling pionts at reduced 
pressure were calculated on the basis of the Antoine 
equation and compared with the experimental 
boiling point data published previously for some 
of the compounds investigated. The results of this 
comparison were those given in the Tables IV and
V.

For interpretation of the data in the Tables IV 
and V, all data with a difference of not more than

TABLE II
B o i l i n g  P o i n t s  o f  P h o s p h o r o d i c h l o r i d i t e s  a n d  P h c s p h o r o d ic h l o r id o t h i o a t e s  

[Pressure (p) in Mm. Hg; Temperature (t) in °C.]

Aryl
c 6h 6 2-C1—-OJIi— 4-C1—-c ,e 4— 2,4-012C6H3— 2,4,5-Cl3C6H2—

V i P t V t V t P t

ArOPCh 29.4 117.1 29.6 137.5 29.6 139.6 29.3 160.3 27.2 178.8
33.1 122.3 32.9 142.0 33.0 144.2 33.2 164.0 32.2 184.1
51.6 134.9 51.5 154.7 51.8 157.2 51.6 177.9 50.8 198.6
92.3 151.9 92.1 172.3 92.3 174.6 91.9 195.7 90.2 216.2

189.5 176.6 189.6 196.9 189.4 198.6 190.0 220.0 189.3 239.3

ArOPSCh 25.6 136.4 29.6 161.8 29.3 169.1 28.2 178.3 32.6 201.1
33.9 144.3 32.9 166.0 33.0 174.2 33.6 184.9 33.4 205.0
51.6 157.4 50.7 179.3 50.9 187.8 51.9 201.6 51.8 219.5
90.2 174.6 91.7 196.8 91.9 205.9 91.9 218.7 92.1 239.0

189.9 199.5 189.4 222.5 189.6 230.8 190.0 244.2 190.1 265.7

Thomson13 had found that the Antoine equation, 
logiop = A —B /(t +  C), gives sufficiently accurate 
data for vapor pressure-temperature relation
ships and is less complicated in its application than 
the Henglein equation. Moreover, Antoine’s equa
tion was found to be useful over a wider pressure- 
temperature range than the commonly used equa
tion, log p = A —B/T. Antoine’s equation requires 
a determination of three constants, A, B, and C, 
for each of the ten compounds investigated by us. 
Calculation of C w’as done on the basis of Thomson’s 
relation by using the data of three experimentally 
determined boiling points of each compound.

t3 -  ti _  log p3 -  log p2 _ tg -  ti ( t  in °Cels.)
t 3 +  C ~  log p2 -  log pi t3 -  t 2 (p in mm. Hg)

(10) A. I. Vogel, W. T. Cresswell, G. J. Feffrey, and L. 
Leicester, Chem. & Ind. (London), 358 (1950).

(11) D. R. Stull, Ind. Eng. Chem., 39, 517 (1947).
(12) G. M. Kosolapoff, J. Chem. Soc., 2964 (1955).
(13) G. W. Thomson, Chem. Revs., 38, 1 (1946).

TABLE III  
I n d i v i d u a l  C - V a l u e s

Aryl
Aryl-
OPCl2

Aryl-
OPSCl2

c .h e— 266 241
2-C1—C6H4— 246 222
4-C1—C6H4 244 214
2,4-Cl2—C6H3 222 197
2,4,5-CL—CsH j— 202 180

2° between experimental theoretical boiling points 
were considered to be in agreement.

In a total of thirty-twro comparisons a satis
factory agreement was found in twenty-five cases 
and a moderate agreement in four cases. A clear 
discrepancy between calculated boiling points and 
experimental data reported in the literature was 
found in only three cases. These cases concerned 
the boiling point reported by Strecker17 for p-
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TABLE IV
B o i l i n g  P o i n t s  o f  P h o s p h o r o d i c h l o r i d i t e s

10 Mm., 11 Mm., 12 Mm., 13 Mm., 190 Mm.,
Pressure °C. °C. °C. °C. °C.

CeHsOPGl, Caled. 90 92.3 176.2
Obsd. 901 90-9211’14 15 177“

2-C1—C6H40PC12 Caled. 110 116.3 196.2
Obsd. 111-1121 116-12016 197°

4-C1—CAROPCL Caled. 112 116.4 198.2
Obsd. 113-113.51 118-12015 199“

128-130"
2,4-Cb—CeEbOPCL Caled. 134 220.2

Obsd. 134' 220“
2,4,5-CL—CeHjOPCL Caled. 154 240.2

Obsd. 154-1551 240“

0 Cf. Table II.

TABLE V
B o i l i n g  P o i n t s  o f  P h o s p h o r o d i c h l o r i d o t h i o a t e s

2 Mm., 4 Mm., 10 Mm., 11 Mm., 15 Mm., 16 Mm., 22 Mm., 190 Mm.,
Pressure °C. °C. °iC. °C. °C. G O O °C.

S
II Caled. 115 117.3 124.8 126.5 134.6 201.2

CJLOPCL Obsd. 1162 119-12018 133-13519 13219 13320>21 199.8s
II Caled. 134 220.2

2-C1—CJLOPCb Obsd. 1342 223.1“
S
II Caled. 121.7 142 144.3 228.2

4-C1—CelLOPCb Obsd. 12522 1412 143-145" 231.1“
S
1! Caled. 124.7 159 245.2

2,4-Cl2C6II3OPCL Obsd. 126-12822 1582 244.2“
S
H Caled. 176 263.2

2,4,5-Cl3C6H2OPCk Obsd. 1752 265.4“

» Cf. Table II.

TABLE VI
C - V a l u e s  o f  P h o s p h o r o d i c h l o r i d a t e s

2-C1—C6H iOPOC12 4 -C I-C Ä O PO C h 2,4-Ch—C6H3OPOC!2 2,4,5-Cl3—C6H2OPOCl2

225 221 208 188

ehlorophenyl phosphorodichloridite (Table IV) 
and the boiling points reported by Autenrieth19 
for phenyl phosphorodichloridothioate (Table V). 
In view of the agreement found in the high ma
jority of comparisons, it appeared possible that 
these three boiling points were actually inaccurate.

(14) R. Anschutz and W. O. Emory, Ann., 239, 310
(1887) .

(15) G. R. Cebrian, Arch. inst. farmacol. exptl. (Madrid). 
8, 61 (1956).

(16) G. R. Cebrian, Anales real. Soc. españ. fís . y quim. 
(Madrid), 58B, 673 (1954).

(17) W. Strecker and C. H. Grossmann, Ber., 49, 85
(1916).

(18) R. Anschutz and W. O. Emerv, Ann., 253, 110, 116 
(1889).

(19) W. Autenrieth and O. Hildebrandt, Ber., 31, 1101
(1888) .

(20) F. Ephraim, Ber., 44, 3414 (1911).
(21) T. Yamasaki, Chem. Abstr., 49, 6858 (1953).
(22) L. R. Drake, E. E. Kenaga, and A. Erbel, LT. S. 

Patent 2,552,541 (1951).

It was concluded that boiling points at pres
sures of 5 to 200 mm. of chlorinated phenyl phos- 
phorodiehloridites and phosphorodichloridothioates 
could be calculated with practically acceptable 
accuracy from the following simplified Antoine 
equation (by using the C-values given in Table 
III):

t(°P  ( = 2336.25 _  „
H ; 7.5622 -  Iog10 P

An application of this finding to a series of aryl 
phosphorodichloridates showed that it was not 
possible to calculate the correct boiling points of 
p-(erf-butylphenyl phosphorodichloridate and bi- 
phenylyl phosphorodichloridate from the same 
equation. It was found, however, that fairly cor
rect boiling points of some chlorinated phenyl 
phosphorodichloridates could be calculated if the 
following individual C-values were used (cf. 
Table VI).

M i d l a n d ,
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[ C o n t r i b u t i o n  f r o m  R e s e a r c h  a n d  D e v e l o p m e n t  D e p a r t m e n t , W e s t v a c o  C h l o r - A l k a l i  D i v i s i o n , P o o d  M a c h i n e r y

a n d  C h e m i c a l  C o r p . ]

P reparation  o f  T rich lorom eth y lp h osp h on ou s D ich loride. R ed u ction  o f  
T etrach lorop h osp h oran es w ith  M eth y l P h o sp h orod ich lor id ite1 2

LOUIS D. QUIN* a n d  CHARLES H. ROLSTON3

Received May 16, 1958

Methylphosphonous dichloride was chlorinated in the cold to form tetrachloromethylphosphorane and then a t higher 
temperatures to form tetrachloro(trichloromethyl)phosphorane. This compound was reduced by the action of methyl phos
phorodichloridite to trichloromethylphosphonous dichloride.

A synthesis of trichloromethylphosphonous di
chloride, heretofore unknown, has been accom
plished. The method may be useful in obtaining 
other halomethyl phosphonous dichlorides.

In this synthesis, the unsubstituted phosphonous 
dichloride, CH3PC12,4 in an inert solvent is treated 
in the cold with chlorine. A quantitative yield of 
tetrachloromethylphosphorane, CH3PCI4, results. 
This compound, without isolation, is then chlorin
ated at 60-70° to produce tetrachloro(trichloro- 
methyl)phosphorane. An earlier example of the 
smooth substitution of hydrogen in an alkyl tetra- 
chlorophosphorane is the synthesis of this same 
trichloromethyl derivative by the chlorination of 
tetrachloro(chloromethyl)phosphorane5; the latter 
substance was formed from chlorine and chloro- 
methylphosphonous dichloride, in turn obtained 
from diazomethane and phosphorus trichloride.6

The synthesis is completed by the reduction of 
the above tetrachlorophosphorane, again without 
isolation, to trichloromethylphosphonous dichloride 
in 85% over-all yield. We have introduced the use 
of methyl phosphorodichloridite, prepared from 
methanol and phosphorus trichloride,7 for this type 
of reduction. Phosphorus8'9 and certain metals9 
have previously been used for removal of chlorine 
from chlorophosphoranes and in fact we have used 
the former successfully in this reduction. The new 
reagent, however, is attractive because of the 
smoothness and simplicity of the reduction and 
ease of removal of its oxidation products, methyl 
chloride and phosphorus oxychloride, as well as

(1) Portions of this paper report work done under contract 
with the Chemical Corps, U. S. Army, Washington 25, D. C.

(2) Chemistry Department, Duke University, Durham, 
N. C.

(3) Explosives Department, E. I. du Pont de Nemours & 
Co., Gibbstown, N. J.

(4) F. W. Hoffmann and T. R. Moore, J. Am. Chem. Soc., 
80, 1150 (1958).

(5) A. Y. Yakubovich and V. A. Ginsburg, Zhur. Obshch. 
Khim., 24, 1465 (1954).

(6) A. Y. Yakubovich, Y. A. Ginsburg, and S. P. Maka
rov, Doklady Akad. Nauk S.S.S.R., 71, 303 (1950).

(7) D. R. Martin and P. J. Pizzolato, J. Am. Chem. Soc., 
72, 4584 (1950).

(8) E. N. Walsh, T. M. Beck, and W. H. Woodstock, J. 
Am. Chem. Soc., 77, 929 (1955).

(9) W. A. Higgins, U. S. Patent 2,779,787, Jan. 29, 1957.

any excess of the reagent. The reduction is postu
lated to proceed as follows:

CChPCh +  CH 3OPCI2 — >- CC13PC12 +  CH 3OPCL (1) 
CH 3OPCI4 — ^  CH 3CI +  POCh (2 )

The exchange of chlorine in Equation 1 is facilitated 
by the decomposition of one of the products as 
shown in Equation 2. The literature10 suggests such 
instability for CH3OPCI4, and this was established 
when an attempted preparation of this compound 
from chlorine and methyl phosphorodichloridite 
resulted in only the formation of methyl chloride 
and phosphorus oxychloride.

Tetrachloromethylphosphorane was also reduced 
smoothly by methyl phosphorodichloridite to the 
phosphonous dichloride in about 80% yield, and it 
is believed the reagent may be widely applicable 
for this type of reduction. The occurrence of a likely 
side-reaction (3) was not noted in the case where R

CH 3OPCI2 +  RPCL -— >  CH 3CI +  PCla +  RPOC1, (3)

is —CCI3 but may have occurred to a slight extent 
where R is —CH3. Phosphites other than methyl 
phosphorodichloridite may also prove to be useful 
in the reduction of chlorophosphoranes.

The chlorination of methylphosphonous dichlo
ride in concentrated solution or at temperatures 
above 30-40° is accompanied by some cleavage of 
the carbon-phosphorus bond. I t is therefore an 
essential feature of the synthesis of trichloromethyl
phosphonous dichloride, and probably in any appli
cation of the synthetic method to the preparation 
of other substituted alkyl phosphonous dichlorides, 
that the starting material be stabilized in the form 
of the tetrachlorophosphorane. This derivative is 
chlorinated smoothly without bond cleavage, and 
the product is readily converted to the phosphonous 
dichloride. A variation of the classical principle of 
the protection of a sensitive functional group and 
its subsequent regeneration has thus been employed 
in this synthesis.

As is true of other phosphorus halides containing 
the strongly electronegative trichloromethyl group, 
trichloromethylphosphonous dichloride is resistant

(10) G. M. Kosolapoff, Organophosphorus Compounds, 
John Wiley and Sons, Inc., New York, N. Y., 1950, p. 325.
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to hydrolysis. In oxidation reactions, however, it 
reacts with vigor. I t is oxidized rapidly on exposure 
to the atmosphere, and although much heat is 
generated, it does not inflame as has been reported 
for trifluoromethylphosphonous dichloride.11

E X P E R IM E N T A L

Preparation of tetrachloro{trichloromethyl)phosphorane. A 
solution of 234 g. (2.0 moles) methylphosphonous dichloride4 
in 600 g. phenylphosphonic dichloride as solvent12 was 
stirred at 0° while 149 g. (2.1 moles) chlorine was added. The 
slurry of tetrachloromethylphosphorane was warmed to 60° 
and held there by cooling while 490 g. (6.9 moles) chlorine 
was added over a period of 3 hr. Chlorine consumption was 
complete until shortly before the stoichiometric amount 
(6.0 moles) had been added. The slurry was stirred at 55- 
60° under 100-150 mm. pressure to remove hydrogen 
chloride and excess chlorine. The product was not isolated 
but was used directly in the next step.

Preparation of trichloromethylphosphonous dichloride. The 
above reaction mixture was protected with nitrogen while 
266 g. (2.0 moles) methyl phosphorodichloridite was added 
in 1.5 hr. The use of a small excess of this reagent causes no 
difficulty, but a large excess appears to reduce the yield. 
The mild exotherm was controlled to give a reaction tem
perature of 35“; higher temperatures cause slight yield re
duction, Evolution of methyl chloride occurred near the end 
of the reaction as its solubility in the mixture was exceeded. 
The resulting clear solution was rectified in  vacuo with a 
0.75 in. by 15 in. column of Hastelloy B Heli-Pak. After a 
cut of phosphorus oxychloride, a 39-g. fraction, possibly a 
mixture of the chlorinated methylphosphonous dichlorides,

(11) F. W. Bennett, H. J. Emeléus, and R. N. Haszel- 
dine, J. Chem. Soc., 1565 (1953).

(12) Available from Victor Chemical Works. This com
pound is inert in the reactions discussed and is used as solvent 
throughout; its high boiling point (258°) permits its use as a
“chaser” in the distillation to isolate trichloromethylphos
phonous dichloride. Other inert solvents are also useful.

was obtained over the range 63° at 30 mm. to 70° at 26 mm. 
Trichloromethylphosphonous dichloride was then collected 
at 69-70° at 23 mm. There was obtained 375 g. (1.70 moles), 
a yield of 85% on methylphosphonous dichloride charged. 
The still bottoms of phenylphosphonic dichloride were re
covered for further use by simple distillation.

Trichloromethylphosphonous dichloride freezes a t 47°13 * 39 
and boils at 171-172° 13 a t 750 mm. I t  must be protected 
from the atmosphere, as oxidation occurs with great ease. 
I t  is insoluble in, and reacts only slowdy with, water. I t  
reacts quantitatively with chlorine to form tetrachloro(tri- 
chloromethy 1 )phosphorane.

Anal. Calcd. for CC16P: C, 5.45; Cl, 80.48; P, 14.07. 
Found: C, 5.23; Cl, 80.30; P, 14.33.

Reduction of tetrachloromethylphosphorane with methyl 
phosphorodichloridite. To a solution of 35.1 g. (0.30 mole) 
methylphosphonous dichloride in 300 g. chlorobenzene was 
added 22.0 g. (0.31 mole) chlorine. The temperature was held 
at 10° during this formation of tetrachloromethylphosphor
ane. The slurry was then warmed to 50° and treated over a 
period of 30 min. with 39.5 g. (0.30 mole) methyl phosphoro
dichloridite. The resulting clear solution was rectified. A
26.9-g. fraction of methylphosphonous dichloride (77% re
covery) boiling a t 81-82° was collected. In addition, a small 
forerun (5 g.) boiling from 77-81° was obtained; this prob
ably contained more of the product along with phosphorus 
trichloride, formed as shown in Equation 3.

Attempted preparation of tetrachloromethoxyphosphorane. 
A solution of 40 g. (0.30 mole) methyl phosphorodichloridite 
in 265 ml. chlorobenzene was held below 10° while 22 g. 
(0.31 mole) chlorine was added. The exothermic reaction 
was completed in 45 min. Distillation was then conducted at 
reduced pressure (15-20 mm.) so as to maintain a pot 
temperature of 30°. Methyl chloride was evolved and col
lected in a Dry Ice trap. The distillate consisted of phos
phorus oxychloride and the solvent. No residue remained 
after distillation. Tetrachloromethoxyphosphorane was thus 
shown to be unstable near room temperatures, decomposing 
cleanly according to Equation 2.

S o u t h  C h a r l e s t o n , W. Va.

(13) Uncorrected.

[C o n t r i b u t i o n  p 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 , 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  

a n d  t h e  R e s e a r c h  D e p a r t m e n t , S t a u f f e r  C h e m i c a l  Co.]

D erivatives o f  S u lfen ic  A cids. X X X III. S tu d ies o f  T hioperoxides. P art 4. 
R eaction s o f  T rich lo ro m eth a n esu lfen y l C hloride w ith

1,2-E poxides and A lcohols

ROBERT B. LANGFORD a n d  NORMAN KHARASCH 

Received May 12, 1958

Trichloromethanesulfenyl chloride (I) reacts with 1,2-epoxides and with meso-l,2,3,4-diepoxybutane to form 6eta-chloro- 
alkjd trichloromethanesulfenates. The reaction is catalyzed by tertiary amines, and identical products are obtained by 
substituting appropriate 5efa-chloro alcohols for the epoxides. The results agree with the mechanism which postulates trans 
opening of the epoxide rings, as previously suggested for the similar reactions of 2,4-dinitrobenzenesulfenyl chloride. The 
new products from reaction of I  with epoxides and certain alcohols are reported.

Trichloromethanesulfenyl chloride (I) holds a 
unique position among aliphatic sulfenyl halides. 
Historically, it was the first of this group of sub
stances to be reported,1 its precise structure has

(1) B. Rathke, Ann., 167, 204 (1873); Cf. also N. Kha- 
rasch, S. J. Potempa, and H. L. Wehrmeister, Chem. Revs.,
39, 269 (1946).

been carefully investigated by infrared spectra,2 
and both the sulfenyl chloride and its derivatives 
have intrigued many industrial investigators.3

(2) J. A. A. Ketelaar and W. Vedder, Rec. trav. chim., 74, 
1482 (1955).

(3) Cf. e.g. (a) A. R. Kittleson and H. L. Yowell, U. S. 
Patent 2,553,771 (1951); (b) G. H. Birum and R. J. Kern, 
U. S. Patent 2,769,777 (1956); and (c) E. M. Nygaard and 
J. H. McCracken, U. S. Patent 2,326,102 (1943).
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In the present study, the reactions of I with 
certain 1,2-epoxides and alcohols were examined, 
for comparison with the similar reactions of 2,4- 
dinitrobenzenesulfenyl chloride.4 5 The reactions 
involved were (a) and (6):
(a) ChCSCl +  ROH +  C5H6N — >

CI3CSOR +  C6H6N : HC1

! T ra c e
(b) CbCSCl +  — C----- C— — *-\ 0/  C . I I . N

cbcso—d— ci 
I I

The products obtained are listed in Table I.

If tram opening of the epoxide ring is involved in 
reaction b, the product from 1,2-epoxycyclohexane 
should be inros-2-chlorocyclohexyl trichlorometh- 
anesulfenate (II). This was verified by finding that 
the alcohol obtained by acid hydrolysis of II was 
frans-2-chlorocyclohexanol,8 * 74 and, as expected, the 
product from reaction of I with 2-chloroethanol 
was the same as formed with epoxyethane. Since 
ring opening of the epoxide should follow predic
tions for acidic openings of such rings (attack by 
the anion on the protonated epoxide taking place 
preferentially at a primary carbon rather than at a 
secondary or tertiary one), the major product from 
reaction of I and 3-chloro-l,2-epoxypropane should

TABLE I
S y n t h e s i s  o f  T r i c h l o r o m e t h a n e s u l f e n a t e s  f r o m  T e i c h l o r o m e t h a n e s u l f e n y l  

C h l o r i d e  a n d  E p o x i d e s  o r  A l c o h o l s

Analyses
Yield, Caled. Found

Epoxide or Alcohol % B.P./Mm.® n2D° C H S Cl C H S Cl

Epoxyethane 85 45-4670.1 1.5230 15.67 1.75 13 .94 61 .68 15.72 1.72 13 .91 61.59
2-Chloroethanol 59 52-5370.2 1 .5223 b
1,2-Epoxypropane 83 43-4470.1 1 .5124 19.69 2 .48 13 .14 58..13 19.83 1 .56 13 .10 57.98
l-Chloro-2-propanol 54 53-54 7 0 .2 1.5106 b
3-Chloro-1,2-epoxypropane 76 75-76 7 0 .2 1 .5321 17.25 1. 31 11 .51 63. 67 17.02 1.50 11 .65 63.72
1,3-Dichloro-2-propanol 57 79-8070.1 1 .5320 ! b
1,2-Epoxycyclohexane* 74 89-9070.1 1 .5334 T29.60 3 .55 11 .29 49. 93 29.53 3 .56 11 .38 50.09
Phenvlepoxyetliane-^ 74 119-12170.1 1..5270 35.32 2. 63 10 .48 46. 34 35.55 2 .57 10 .18 46.02
meso-1,2,3,4-Diepoxybutane? 24 (m.p. 96-97°) -  f 15.74 1 .32 61..95 15.88 1.33 62.10
Methanol* 77 53-54714 1.5050 13.24 1 .66 17 .67 58..61 12.93 1.58 18 .09 58.45
1-Propanol* 52 31-3270 .3 1.48001 d
2-Propanol* 41 32-33° /0 .4 1.48201i d
Allyl alcohol* 55 52-53° /0 .1 1.5413 \ ' d
Tetrahydrofurfuryl alcohol* 48 74-75° /0 .2 1.5180 ' 1 d

a Read from a tilting McLeod gauge. b These alcohol derivatives wore not analyzed for elementary composition, as they 
were shown to be identical with the epoxide derivatives by comparison of infrared spectra.* Previously reported by Sosnov- 
sky. d Not analyzed. Identity verified by infrared spectra. * Product is ira?i.s-2-cblorocyclohexyl trichloromethanesulfenate. 
1 Product is l-phenyl-2-chloroethyl trichloromethanesulfenate. s Product is meso-l,4-dichloro-2,3-bis(trichloromethane- 
sulfenoxy)butane, III.

Certain of the esters of trichloromethanesulfenic 
acid are recorded in the literature, having been pre
pared by the reaction of I with the metallic salt of 
an alcohol or phenol.6 7 The use of pyridine and other 
tertiary amines as catalytic condensing agents has 
been reported earlier in this series,4 and recently, 
also, for the reaction of I with primary and second
ary alcohols.6 Brintzinger et al.,1 found that the 
reaction of monochloromethanesulfenyl chloride 
with two equivalents of epoxyethane took place 
without the necessity of an added catalyst.

(4) (a) N. Kharasch, D. P. McQuarrie, and C. M. Buess, 
J. Am. Chem. Soc., 75, 2658 (1953); (b) L. Goodman and 
N. Kharasch, J. Am. Chem. Soc., 77, 6541 (1955); and (c) 
D. Peters and N. Kharasch, J. Org. Chem., 21, 590 (1956).

(5) J. M. Connolly and G. M. Dyson, J. Chem. Soc., 822 
(1934); J. Chem. Soc., 679 (1935); and J. Chem. Soc., 827
(1937).

(6) G. Sosnovsky, J. Chem. Soc., 3139 (1956).
(7) H. Brintzinger, H. Schmahl, and H. Witte, Ber., 85,

338 (1952).

be 1,3-dichloro-2-propyl trichloromethanesulfenate, 
which should also result by reaction of I and 1,3- 
dichloro-2-propanol. These predictions were veri
fied, since the major product obtained from both 
routes was identical, as shown by boiling points, 
refractive indices, and infrared spectra.

The product from meso-l,2,3,4-diepoxybutane 
with I would be expected to be III, i.e. meso-
l,4-dichloro-2,3-bis(trichloromethanesulfenoxy)-bu-

CH2C1

E li—OSCCL 

HC—OSCCls

¿ILC1
(III)

tane. The product isolated from the reaction of the

(8) H. C. Stevens and 0. Grummit, J. Am. Chem. Soc.,
74, 4877 (1952).
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epoxide9 and I, mixed in 1:2 molar ratios, gave a 
glycol, on hydrolysis, which melted at 127°, and 
was identical with mfiso-l,4-dichloro-2,3-butanediol, 
prepared from ¿raws-l,4-dichloro-2-butene by oxi
dation with peracetic acid10-11 Permanganate oxi
dation12 of the same olefin gave dZ-l,4-dichloro-2,3- 
butanediol, m.p. 62°. Infrared spectra of the glycol 
obtained from the sulfenyl ester and the meso-1,4- 
dichloro-2,3-butanediol were identical, but the 
spectrum of the racemic diol was quite different.

Except for the meso-l,2,3,4-diepoxybutane de
rivative, which is a white crystalline solid, the 
esters of Table I, when pure, are water-white 
liquids which may be distilled at low pressure with 
very little decomposition. Samples have been kept 
for over a year in well stoppered containers without 
noticeable change. Sunlight and heat, however, 
appear to induce decomposition, although a system
atic study of this behavior has not yet been made. 
Hydrolysis has also been noted on storing poorly 
stoppered samples, with some of the alcohol being 
found on redistillation.

It is to be noted that these compounds are re
lated to both disulfides and peroxides, and have 
been designated also as thioperoxides. The use of 
some of these substances as agents for inducing the 
photopolymerization of olefins3b undoubtedly shows 
that they can undergo free-radical decomposition. 
Certain of these esters also show oxidizing ability 
toward iodide ion.13

Some difficulty was encountered in obtaining 
good analytical resrdts for the products in Table I, 
as Barltrop, Hayes, and Calvin have noted.13 
It was found, however, that good analyses were 
obtained with samples purified by rigorous redistil
lations through a suitable column.

Triethylamine, and presumably other tertiary 
amines, may be used in place of pyridine in the re
actions of trichloromethanesulfenyl chloride with 
alcohols and epoxides. The necessity of such a 
catalyst for the epoxide reaction was demonstrated 
in the reaction of I with epoxyethane. Although the 
reaction normally goes to completion within a few 
hours when a small amount of a tertiary amine is 
present, no apparent reaction occurred in eight 
days without a catalyst. On distillation of the re

(9) The 1,2,3,4-diepoxybutane was kindly supplied by 
Union Carbide Chemicals Co., and was reported to be over 
90% meso isomer. This material causes painful blistering 
on contact with the skin and was also reported possibly 
carcinogenic.

(10) The identity of the trans-l,4-dichloro-2-butene was 
verified by comparing its infrared spectrum with that 
recorded by K. Mislow and H. M. Heilman, J. Am. Chem. 
Soc., 73,246(1951).

(11) D. Swern, G. N. Billen, T. W. Findley, and J. T. 
Scanlan, J. Am. Chem. Soc., 67, 1787 (1945).

(12) R. M. Evans and L. N. Owen, J. Chem. Soc., 239
(1943).

(13) J. A. Barltrop, P. M. Hayes, and M. Calvin, J. Am. 
Chem. Soc., 76, 4348 (1954).

action mixture, over 95% of the initial amount of 
I was recovered and no distillate was obtained in 
the boiling range of the sulfenyl ester.

The infrared spectra of these compounds were ob
tained in the region from 650 to 10,000 cm._1, and 
were found to agree with the assigned structure of 
the products in Table I. The region from 710 to 
810 cm.“1, in particular, showed the typical curve 
associated with the trichloromethylthio group in 
trichloromethanesulfenyl chloride.2

In the course of this investigation several of the 
trichloromethanesulfenates reported by Sosnov- 
sky6 were prepared. Their identity was confirmed by 
infrared spectra and by their boiling points which 
agree quite well with the literature. Although in
cidental to the primary topic discussed here, they 
are included in Table I to increase the available 
information on this series of compounds.

E X P E R IM E N T A L

Trichloromethanesulfenyl chloride was prepared by redis
tilling technical grade “perehloromethyl mercaptan,” ob
tained from the Stauffer Chemical Co. Cyclohexene oxide 
was obtained from Arapahoe Chemicals, Inc., and the other 
epoxides and alcohols were the product of Distillation 
Products Industries. With the exception of practical grade 
l-chloro-2-propanol, which was carefully fractionated, these 
were all reagent grade, and were used as supplied. Reagent 
pyridine, dried over sodium hydroxide, and 1,2-dichloro- 
ethane, dried by distillation, were used in these reactions. 
The infrared spectra were made in carbon disulfide solutions 
or on the neat liquids, using a Perkin-Elmer double-beam 
spectrophotometer, Model 21.

General procedure for the reaction of trichloromethanesul
fenyl chloride with epoxides. To a solution of 0.10 mole of I 
in 100 ml. of dry 1,2-dichloroethane was added 0.11 mole of 
the epoxide. To this mixture 0.5 ml. of dry pyridine was 
added. Completion of this reaction, which may require 
several hours, was determined by the disappearance of the 
odor of I and by a negative starch-iodide test for the pres
ence of I. The mixture was washed with water to remove the 
amine and amine hydrochloride and dried over anhydrous 
sodium sulfate. The dried solution was aspirated to remove 
the solvent and the residue distilled under reduced pressure 
to obtain the product.

Procedure for the reaction of trichloromethanesulfenyl chlo
ride with 1,3,3,4-diepoxybutane. To a solution of 0.20 mole of 
I in 100 ml. of dry ethylene chloride was added 0.10 mole 
of 1,2,3,4-diepoxybutane.9 To this mixture was added 1.0 
ml. of dry pyridine. Although the last trace of I remained 
after two days, the mixture was water-washed, dried, and 
aspirated, as in the general procedure above. The residual 
viscous oil readily dissolved in 200 ml. of methanol, a t room 
temperature. Within a minute, a precipitate of white crystals 
began to form. After cooling to 0°, the crystals were col
lected and air-dried (11 g.; 24%); m.p. after recrystalliza
tion from methanol, 96-97°.

General procedure for the reaction of trichloromethane
sulfenyl chloride with alcohols. To a solution of 0.10 mole of 
I in 100 ml. of dry 1,2-dichloroethane was added 0.11 mole 
of the dry alcohol. To this was gradually added, with 
stirring, 0.11 mole of dry pyridine. Completion of the 
reaction, which may require several hours, was determined 
as above, and the product was isolated by fractional dis
tillation.
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2-Methyl-2,5-dihydrothiophene 1,1-dioxide (I) has been carefully characterized, and from this sulfone the remaining two 
isomeric sulfones have been obtained. Isomerization of I in basic medium gives 2-methyl-4,5-dihydrothiophene 1,1-dioxide 
and the pyrolysis of the acetate from the alcohol from I gives 2-methyl-2,3-dihydrothiophene 1,1-dioxide.

The characterization of 2-methy 1-2,5-dihydro- 
thiophene 1,1-dioxide (I) and the development 
of reasonably simple methods of preparation of the 
remaining isomeric sulfones and their subsequent 
characterization are necessary to the study of the 
chemistry of the sulfones2 of the 2-methyl series.

In 1943 Craig3 reported the preparation of I from 
the reaction of 1,3-pentadiene and sulfur dioxide, 
and although he reported that he was able to distill 
the sulfone no physical constants were given for this 
product. In 1945 Morris and Finch4 5 reported the 
density and refractive index of this sulfone. Al
though studies concerning this sulfone have been 
reported by Frank,6 Drake,6 and Grummitt and 
co-workers7 no characterization of the compound 
was reported. Thus, the first objective of the 
present work is the purification and characteriza
tion of I. The sulfone was prepared by the reaction 
of sulfur dioxide and 1,3-pentadiene in the presence 
of hydroquinone, to give a colorless oil in 55% yield. 
Purification of I was effected by distillation at 
reduced pressure in an atmosphere of sulfur dioxide 
or more simply by the method described in detail 
in the Experimental section of this paper. The latter 
method was found to give as good a product and 
one which exhibits practically no absorption in the 
ultraviolet between 220 and 320 m/i at concentra
tions up to 1 g./liter in ethanol. The crude sulfone,

(1) American Chemical Society Graduate Fellow. This 
research was supported by a grant from The Petroleum 
Research Fund administered by the American Chemical 
Society. Grateful acknowledgment is hereby made to the 
donors of said fund.

(2) For the previous paper see R. C. Krug, G. R. Tiche- 
laar, and F. E. Didot, J. Org. Chem., 23, 212 (1958).

(3) D. Craig, J. Am. Chem. Soc.., 65, 1006 (1943).
(4) R. C. Morris and H. deV. Finch (to Shell Develop

ment Co.), U. S. Patent 2,373,329, April 10, 1945.
(5) E. J. Frank, J. Am. Chem. Soc., 69, 2313 (1947).
(6) S. P. Drake, J. Am. Chem. Soc., 68, 2521 (1946).
(7) O. Grummitt, A. E. Ardis, and J. Fick, J. Am. Chem.

Soc., 72 , 5167 (1950).

as it moved through the purification scheme, showed 
a steady decrease in absorption at 220-230 and 280- 
300 m/i. The loss of absorptivity in these regions 
was found to be due to removal of traces of 1,3- 
pentadiene and sulfur dioxide, respectively. The 
infrared spectra of the distilled sulfone and the 
extracted sulfone are in excellent agreement.

Under refrigeration at 0° the decomposition of 
the purified sulfone becomes perceptible through 
the odor of sulfur dioxide after 11 days, and 
the sulfone undergoes complete dissociation at 
100°. Previous studies in this laboratory demon
strated the utility of bromine adducts as aids 
in the characterization of certain unsaturated 
sulfones, hence, the dibromide from I was prepared. 
Actually, two dibromides from I appear to have 
been obtained, and it is suggested that these two 
dibromides are two racemic mixtures. The higher 
melting dibromide will be referred to as Ila  and the 
lower melting substance as lib. Sulfone I as well 
as adducts Ila  and lib  are optically inactive; 
however, if one assumes the trans addition of 
bromine (see reaction conditions) to sulfone I 
four stereoisomers are indeed possible (two racemic 
mixtures). Quantitative analysis supports the 
formula CeHsB^ChS for Ila  and lib. While the 
infrared spectra of Ila  and lib  are similar, the 
spectra are definitely not identical. Sulfone I was 
converted to the tetrahydro derivative, 2-methyl- 
tetrahydrothiophene 1,1-dioxide (III) in 91% 
The physical constants for III are in good agree
ment with those reported by Grishkevich-Trok- 
himovskii8 who prepared this compound by the 
reaction of 1,4-dibromopentane and sodium sul
fide, and the subsequent oxidation of the cyclic 
sulfide of the sulfone. The infrared spectrum of III 
appears in good agreement with the spectra of
3-methyltetrahydrothiophene 1,1-dioxide and with

(8) E. Grishkevich-Trokhimovskii, J. Russ. Phys. Chem. 
Soc., 48, 901 (1916).
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tetrahydrothiophene 1,1-dioxide with respect to 
the presence of the saturated ring system.

In view of previous studies2 it seemed reasonable 
to expect that sulfone I in the presence of a strong 
base should undergo isomerization. Indeed, such 
was found to be the case and the reaction product 
was identified as 2-methyl-4,5-dihydrothiophene
1.1- dioxide (IV). The melting point of this sulfone 
and of its bromine adduct are in good agreement 
with the values given by Birch and McAllan.9 
These authors obtained a compound which they 
tentatively identified as sulfone IV by the oxida
tion of a minor reduction product from 2-methyl- 
thiophene. In 1953 Bacchetti and Fiecchi10 pre
pared a compound having a melting point similar 
to that reported by Birch and McAllan for IV 
by the cyclization of 5-mercapto-2-pentanone to 
give the cyclic sulfide which was oxidized to the 
sulfone. In the present work, sulfone IV was con
verted to III in 81% with hydrogen in the presence 
of a catalyst. The infrared spectrum of IV supports

the presence of the — CH=C— type of double 
bond.

There remained of course the synthesis of the 
third isomer, 2-methyl-2,3-dihydrothiophene 1,1- 
dioxide. One of the most direct methods of syn
thesis appeared to be the hydration of sulfone I 
(depending on the location of the hydroxy group), 
conversion of the alcohol to the acetate, and the 
pyrolysis of the acetate. The alcohol was obtained 
in 18% yield by the action of aqueous potassium 
hydroxide on sulfone I. The position of the hy
droxy group is assigned in agreement with the 
formula 4-hydroxy-2-methyltetrahydrothiophene
1.1- dioxide (V), as will be subsequently estab
lished. Sulfone V, a colorless oil, gave a 3,5-di- 
nitrobenzoate and an acetate. The infrared spec
trum of V was prepared; however, no information 
regarding the location of the hydroxy group was 
obtained. The alcohol was converted to its cor
responding acetate (VI) in 81% yield. By means of 
the infrared spectra the relationship between V and 
VI was established. Thus, VI was assigned the 
formula in agreement with 4-aeetoxy-2-methyl- 
tetrahydrothiophene 1,1-dioxide. Vapor phase py
rolysis of the acetate at 440-452° gave, after puri
fication, a colorless oil (VII). Analytical data 
clearly support the formula Ĉ HgChS, and the 
infrared spectrum of VII gave evidence of the 
presence of a symmetrical —CH=CH— ethylenic 
unit. Sulfone I and the pyrolysis product absorb 
strongly near 690 cm.-1, while sulfone IV does not 
absorb in this region of the spectrum. Sulfone VII 
was converted to a dibromide, and catalytic re
duction of VII gave II in 74% yield. Parenthetically,

(9) F. F. Birch and D. T. McAllan, J. Chem. Soc., 3411
(1951).

(10) T. Bacchetti and A. Fiecchi, Gazz. chini, ital., 83, 
1037 (1953).

the trans addition of bromine to VII should give 
four stereoisomeric dibromides (two racemic mix
tures); however, one dibromide m.p. 84-85° has 
thus far been identified. Thus, the formula of 
sulfone VII is established as 2-methyl-2,3-dihy- 
drothiophene 1,1-dioxide, and the structures of 
sulfones V and VI are as indicated by their re
spective names.

E X P E R I M E N T A L 11

2-Methyl-2,5-dihydrothiophene 1,1-dioxide (I). Commercial
1,3-pentadiene (90% pentadiene, Phillips Petroleum Co.) 
was enriched in the trans-l,3-pentadiene component by the 
method of Frank . 6 The crude diene showed a change in 
refractive index during enrichment from n 2n 1.4326 to n2D° 
1.4290 (lit.12; cis, ra2D° 1.4359; trans rc.2D° 1.4299). In a steel 
reaction vessel were placed 250 ml. (3.88 moles) of liquid 
sulfur dioxide 90.0 g. (1.32 moles) of the enriched 1,3-penta
diene (peroxide free), and 5.0 g. of hydroquinone. The vessel 
was sealed, and heated to 95° for 3 hr. The vessel was cooled, 
and the volatile components were vented to give 150 g. of 
a red colored oil. Of this oil 60.0 g. was added to 600 ml. of 
water, and the mixture was shaken thoroughly and refriger
ated overnight. The supernatant liquid was decanted, fil
tered, and the filtrate was extracted with four portions of 
chloroform. The chloroform was evaporated from the com
bined extracts to give 48.0 g. of a yellow oil which was dis
solved in 250 ml. of distilled water and refrigerated over
night. The aqueous phase was separated from the gum and 
extracted with four portions of chloroform under refrigerated 
(0°) conditions. Removal of chloroform from the combined 
extracts gave 38.1 g. of colorless oil, n 2D° 1.4942, d\° 1.2433. 
A sample of this oil, distilled under reduced pressure in an 
atmosphere of sulfur dioxide, gave the following: b.p. 
85°/7 mm., n2D° 1.4929, and d\° 1.2539. The yield of purified 
I based on the trans content of the diene as 8 6 % 6 was 5 5 %. 
Infrared spectra of the distilled product and the extracted 
product were entirely similar, and the principal frequencies 
are: 3040, 2970, 2930, 1615, 1450, 1409, 1380, 1348, 1305, 
1250, 1223, 1128, 1077, 1008, 960, 916, 896, 830, 726, 704, 
and 657 cm . - 1

2-Methyl-S,4-dibromote.trahydrothiophene 1,1-dioxide (II). 
To a flask containing 16.0 g. (0.100 mole) of bromine and 
0.146 g. of aluminum chloride was added 12.4 g. (0.094 
mole) of I. After four days a slight sediment was filtered, 
and the chloroform was evaporated. The residue was con
tinuously extracted with wrat.er for 33 hr. The solid which 
did not dissolve was recrystallized from ethanol to give 4.6 
g. (17%) of Ha, m.p. 145.0-145.5°. The aqueous extract 
was chilled and the solid was recrvstallized from methanol 
to give white crystals weighing 2.3 g. (8 %), m.p. 89-90° 
(Hb).

Anal. Calcd. for C5H 8B r,0 2S: C, 20.56; H, 2.76; Br, 
54.74; S, 10.98. Found (Ila): C, 20.26; H, 3.20; Br, 54.75; 
S, 11.12. Found (lib ): C, 20 49; H, 2 99; Br, 54.60; S, 10.94.

The infrared spectrum of I la  showed the following 
principal frequencies: 3000, 2930, 1448, 1399, 1380, 1318, 
1300, 1280, 1230, 1221, 1190, 1175, 1133. 1109, 1083, 1071, 
1043, 994, 936, 891, 881, 801, and 701 cm . - 1

(11) All melting and boiling points are uncorrected. 
Analyses performed by Galbraith Microanalytical Labora
tories, Knoxville, Tenn. Infrared spectra prepared by Ken
dall Infrared Laboratories, Plainfield, N. J. Ultraviolet 
spectra were obtained with a Perkin-EImer Spectracord. 
Anhydrous sulfur dioxide was supplied through the courtesy 
of the Virginia Smelting Co., West Norfolk, Va.

( 1 2 ) F. D. Rossini et al., Selected Values of Properties of 
Hydrocarbons, Nat. Bur. Stds. Circular C461, U. S. Gov’t. 
Printing Office, Washington, D. C., 1947, p. 55.
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The infrared spectrum of l ib  showed the following prin
cipal frequencies: 3000, 2930, 1453, 1409, 1383, 1311, 1278, 
1250, 1221, 1192, 1179, 1132, 1122, 1082, 1071, 1043, 1024, 
981, 911, 887, 818, and 718 cm . - 1

2-Methyl-4,5-dihydrothiophene 1,1-dioxide (IV). To 500 ml. 
of O.bN potassium hydroxide was added 25.0 g. (0.189 mole) 
of I, and the mixture was stirred at 30° for 30 hr. after 
which time it was chilled and filtered. The residue was 
recrystallized from ethanol to give 11.1 g. (45%) white 
needles, m.p. 123.0-128.5° (lit.,11'1» 128°, and 128-129°).

The bromine adduct from IV was prepared by the pro
cedure described from the preparation of II. The crude 
product was extracted with hot water and the residue was 
recrystallized from ethanol, m.p. 69.5-70.0° (fit. , 9 6 8 -  
69°).

4-Hydroxy-2-methyltetrahydrothiophene 1,1 -dioxide (V). An 
emulsion of 26.4 g. (0.199 mole) of I in 100 ml. of water was 
added very slowly to 300 ml. of 9.3.V potassium hydroxide. 
The mixture was allowed to stir for 14 hr. after which time 
it was chilled and filtered. The solid, weighing 13.6 g. was 
recrystallized from ethanol, m.p. 128-129°. The filtrate was 
neutralized with hydrochloric acid, and the water was 
evaporated. The residue was extracted with four portions of 
acetone and the acetone was evaporated. The residual oil 
was dissolved in 30 ml. of water and extracted with five 
portions of chloroform. The water raffinate was concentrated 
and the residue was distilled in vacuo to yield 5.5 g. (18%) 
of a colorless oil, b.p. 128-130°/1 mm., n 2D5 1.4951, 
1.317.

Anal. Calcd. for C5H 10O3S: C, 39.98; H, 6.17; S, 21.35. 
Found: C, 39.54; H, 6.75; S, 22.43.

The 3,5-dinitrobenzoate from V was prepared by the 
method of Shriner and Fuson , 1 3  utilizing pyridine. After 
recrystallization from ethanol, the product melted 190- 
191°.

Anal. Calcd. for Ci2H i2N 2C>8S: C, 41.86; II, 3.51; N, 8.14; 
S, 9.31. Found: C, 41.98; H, 3.29; N, 8.13; S, 9.19.

The infrared spectrum of V showed the following principal 
frequencies: 3460, 2930, 1453, 1400, 1340, 1300, 1258, 1207, 
1193, 1135, 1111, 1070, 1030, 1015, 982, 935, 913, and 794 
cm . - 1

4-AceU>xy-2-meihyltetrahydrolhiophene 1,1-dioxide (VI). 
Twenty-five grams (0.32 mole) of acetyl chloride was 
slowly added to a flask containing 16.0 g. (0.107 mole) of V. 
The reaction mixture was cooled externally and stirred for 
30 min. The mixture was then poured into 140 ml. of dis
tilled water, and the water was extracted with four portions 
of chloroform. Upon evaporation of the chloroform there 
remained an oil which was distilled under reduced pressure 
to give 18.0 g. (81%) of VI, b.p. 100°/1 mm.

Anal. Calcd. for C,Hl20 4S: C, 43.73; H, 6.29; S, 16.68. 
Found: C, 43.72; H, 6.09; S, 16.78.

The infrared spectrum of VI showed the following prin
cipal frequencies: 2940, 1738, 1640, 1500, 1450, 1404, 1372, 
1309, 1235, 1181, 1137, 1120, 1072, 1042, 1022, 983, 947, 
931, 893, 855, and 779 em u 1

2-M ethyl-2,3-dihydrothiophene 1,1-dioxide (VII). The ap
paratus involved in this experiment consisted of a separatory 
funnel (with necessary gas lines) attached to a vertically 
mounted glass tube which passed through a furnace 1 2  inches 
in length. The tube was packed with glass wool for a length 13

(13) R. L. Shriner and R. C. Fuson, The Systematic Identi
fication of Organic Compounds, John Wiley and Sons, Inc., 
New York, New York, 1948, p. 164.

of 6  inches in the furnace zone. The tube was connected in 
series to a water-cooled condenser and a receiver cooled 
in an ice sari bath. Before each run the system was swept 
with nitrogen, and a very low flow of nitrogen was main
tained during the run. The portion of the tube containing 
the glass wool was maintained a t 440-452° during the 
pyrolysis. A solution of 15.0 g. (0.078 mole) of VI in 35 ml. 
of benzene was introduced into the reaction tube a t a rate 
of 25 drops per min. After the addition of the solution was 
complete, the reaction tube was flushed by the introduction 
of benzene followed by a small amount of acetone. The liquid 
in the receiver was warmed to remove solvents. The residue 
was distilled and a fraction was collected b.i 87-95°. The 
residue was recycled through the furnace. Distillation and 
the recycling of the residue was continued until the con
version of the residue was complete. The pyrolysis products 
were collectively distilled through a 5-inch Vigreux column 
at 82-87° at 1 mm. This latter fraction (8.5 g.) was redis
tilled to give a colorless liquid, b.p. 75-77.5 ° /l  mm., m.p. 
25-26°, n2D° 1.4949, dl° 1.2504. The yield of crude product 
(b.i 82-87°) was 83%.

Anal. Calcd. for C6H 80 2S: C, 45.43; H, 6.10; S, 24.21. 
Found: C, 45.44; H, 6 .0 2 ; S, 24.08.

The infrared spectrum of VII showed the following prin
cipal frequencies: 3050, 2950, 2900, 1600, 1500, 1450, 1433, 
1380, 1311, 1290, 1236, 1176, 1132, 1077, 1073, 1011, 950, 
910, 895, 829, and 704 cm . “ 1

2-M ethyl-4,5-dibromotetrahydrothiophene 1,1-dioxide, (VIII). 
The procedure described for the preparation of the bromine 
adduct from I was employed. The oil was crystallized from 
ethanol and subsequently recrystallized from ethanol to 
give VIII in 27%, m.p. 85-86°.

Anal. Calcd. for C5H 8Br20 2S: C, 20.56; H, 2.76; Br, 54.74; 
S, 10.98. Found: C, 20.66; H, 3.37; Br, 54.49; S, 10.84.

The infrared spectrum of VIII showed the following prin
cipal frequencies: 2970, 2920, 2890, 1450, 1320, 1307, 1290, 
1257, 1207, 1180, 1150, 1144, 1111, 1105, 1090, 1032, 1000, 
942, 913, 877, 816, 790, and 708 cm . - 1

The ethanolic liquors from the above mentioned recrystal
lizations were combined, and the ethanol was evaporated 
at reduced pressure. The residue was washed with a small 
amount of ethanol and filtered. This residue was dissolved 
in the minimum amount of ethanol and allowed to stand 
overnight at room temperature. The mixture was then fil
tered (crystals m.p. 78-83°) and the filtrate was refrigerated. 
The resulting precipitate was filtered and vacuum dried, 
m.p. 56-58°. This solid was not further characterized.

2-Methyltetrahydrothiophene 1,1-dioxide (III). In a Parr 
hydrogenation apparatus 13.2 g. (0.100 mole) of I in 220
ml. of chloroform wras reduced with hydrogen (42 p.s.i.) 
in the presence of 0.5 g. of 10% palladium on charcoal. 
After the reaction mixture was filtered, the chloroform was 
evaporated The residue was heated to 130° for 1  hr. to 
remove unreacted I, and subsequent distillation of the 
residue gave 12.0 g. (91%) of III, b.p. 70°/l mm., 273- 
2747701 m m .,n2D° 1.4801, dl° 1.2055 (lit. , 8 b.p. 279-280°/758
mm. , n~o 1.4801, (¿4 ° 1.207). Under similar conditions IV 
gave 81% of III, b.i 70°, ?i2D° 1.4817. The reduction of VII 
resulted in a 74% yield of III, b.p. 58-60°/l mm., n™ 1.4809, 
d2» 1.2027.

The principal frequencies observed for III  are: 2940, 
2870, 1640, 1452, 1419, 1380, 1300, 1252, 1208, 1139, 1111, 
1072, 1065, 1021, 1000, 967, 949, 8 8 6 , 833, and 723 cm . " 1

B i .a c k s b u r g , V a .
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A comparison has been made of the susceptibility to Pd-catalyzed hydrogenolysis of different benzyl type groups in ether 
and ester linkage.

Benzyl type groups could be valuable as protec
tive groups in complex syntheses. One of their ad
vantages is that, once their protective function is 
accomplished, they can easily be removed by cat
alytic hydrogenation under mild conditions. For 
example, C6H5CH2—0 —R on hydrogenation in the 
presence of palladium on charcoal gives toluene 
plus an alcohol.

It would be advantageous in some syntheses to 
have two benzyl type protective groups which 
could be removed one at a time. In competitive re
ductions of tertiary amines containing two differ
ent benzyl groups attached to the nitrogen, it was 
found that the unsubstituted benzyl group was re
moved by hydrogenolysis in preference to the 
benzyl groups which contained methyl, chloro, or 
amino groups in the para positions.4 In other 
studies, it was found that the a-naphthylmethyl 
group was removed in preference to the p-phenyl- 
benzyl group, and that the latter is removed in 
preference to the benzyl group.5 Thus in an amine 
containing the four groups, a-naphuhylmethyl, p- 
phenylbenzyl, benzyl, and p-methylbenzyl, a t
tached to nitrogen, it is to be expected that the 
four could be removed stepwise by catalytic hydro
genation in the order in which they are listed above.

It was the object of this work to determine 
whether comparable selectivity could be obtained 
in the ether and ester series. Accordingly, the cyclo
hexyl ethers of the above four groups were prepared 
and competitively hydrogenolyzed. Also benzyl 
acetate and a-naphthylmethyl acetate were com
petitively hydrogenolyzed with each other and 
with these ethers.

In the competitive reductive debenzylation of 
ethers, summarized in Table I, it was found that 
the order of ease of cleavage of benzyl groups which 
was established for tertiary amines holds in the

(1) We wish to thank the Research Corp. for partial sup
port of this work. Taken from a portion of a thesis submitted 
by Stanley M. Dec in partial fulfillment of requirements for 
the M.S. degree, 1955.

(2) Present address: Ohio Northern University, Ada, 
Ohio.

(3) Present address: Wright Air Development Center, 
Wright Patterson Air Force Base, Ohio.

(4) R. Baltzly and J. S. Buck, J. Am. Chem. Soc., 65, 
1984 (1943). R. Baltzly and P. B. Russell, J. Am. Chem. Soc., 
72, 3410 (1950); / .  Am. Chem. Soc., 75, 5598 (1953).

(5) H. Dahn, U. Solms, and P. Zoller, Helv. Chim. Acta, 
35, 2117 (1952).

case of the ethers also, except that the a-naphthyl- 
methyl group could not be cleaved from its ether 
linkage under the conditions used. In the presence 
of a-naphthylmethyl cyclohexyl ether, even the 
benzyl cyclohexyl ether could not be reduced. The 
possibility that the a-naphthylmethyl cyclohexyl 
ether used in these experiments contained some 
poison was eliminated when it was found that 
benzyl acetate or a-naphthylmethyl acetate mixed 
with this ether were hydrogenated easily with 
cleavage of the ester group.

Although the order of ease of cleavage of the 
benzyl type groups in ether linkage was the same as 
that established for amines, 100% selectivity was 
not obtained in any case. Thus when benzyl cyclo
hexyl ether and p-phenylbenzyl cyclohexyl ether 
were simultaneously hydrogenated (No. 1 in Table 
I), p-methylbi phenyl was isolated in greater yield 
than toluene, but both were obtained in significant 
quantities. These results offer little encouragement 
for the use under these conditions of selective de
benzylation of benzyl type protective groups in 
ether linkage.

The result with the two esters studied was more 
encouraging. When benzyl acetate was reduced 
competitively with a-naphthylmethyl acetate (No.
4), it was found that the a-naphthylmethyl group 
was cleaved with almost complete selectivity 
However, benzyl benzoate and benzyl acetate 
showed no selectivity of reduction between them
selves (No. 5), indicating that the acid portion of 
the ester does not exert much effect on selectivity.

A comparison of the ease of cleavage of benzyl 
type groups in ester linkage with those in ether 
linkage showed that the esters are preferentially 
cleaved. Thus when benzyl benzoate and benzyl 
cyclohexyl ether were simultaneously hydrogenated 
(No. 6), the ester was practically completely 
cleaved, while the ether was apparently not at
tacked at all, since no cyclohexanol could be de
tected among the reduction products. Also, as is 
to be expected, when a mixture of a-naphthyl
methyl acetate and benzyl cyclohexyl ether was 
hydrogenated (No. 7), the ester was completely 
cleaved, while the ether was not attacked, since 
no toluene or cyclohexanol could be detected 
among the reduction products. When benzyl 
benzoate was simultaneously hydrogenated with 
a-naphthylmethyl cyclohexyl ether (No. 8), again
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TABLE I
C o m p e t i t i v e  R e d u c t i o n  o f  B e n z y l  E t h e r s  a n d  E s t e r s

h 2
Expt. Absorbed, Time, Products Yield,
No. Starting Materials Moles Moles Min. Isolated Mole %

1. Ph benz-O-Cx“ plus 0.05 0.05 2.5 p-C6H5-C6H4-CH, 51.2
Benzyl cyclohexyl 0.05 Toluene 30.3
ether Cyclohexanol 68

2. Me benz-O-Cx“ plus 0.1 0.1 3.0 p-Xylene 29.1
Benzyl cyclohexyl 
ether

0.1 Toluene 41.3

3. Ph benz-O-Cx“ plus 0.05 0.05 8 p-C6H5-C6H4-CH3 50.5
Me benz-O-Cx“ 0.05 p-Xylene 29.1

4. Men-0-Acc plus Benzyl 0.1 0.1 154“ a-Methylnaphtha- 84.5
acetate 0.1 lene

Toluene 2.2
5. Benzyl benzoate plus 0.1 0.1 111' Benzoic acid 41.0“

Benzyl acetate 0.1 Total acid 88.5*'
6. Benzyl benzoate plus 0.1 0.1 30 ' Benzoic acid 85.5‘

Benzyl cyclohexyl 
ether

0.1 Cyclohexanol 0.0

7. Men-O-Ae“ plus 0.05 0.05 1 a-Methylnaphtha-
Benzyl cyclohexyl 0.05 lene 76.0
ether Toluene 0.0

8. Men-O-Cx“ plus 0.05 0.05 105“ Cyclohexanol 0.0
Benzyl benzoate 0.05 Toluene 56.5

Benzoic acid 63.8“
9. Ph benz-O-Cx“ plus 0.05 0.05 3 p-C6H5-C6H4-CH3 34.5

Benzyl acetate 0.05 Cyclohexanol 26
Toluene 45.6

“ Ph benz-O-Cx is p-phenylbenzyl cyclohexyl ether. 6 Me benz-O-Cx is p-methylbenzyl cyclohexyl ether. c Men-O-Ac is 
a-naphthylmethyl acetate. i  Men-O-Cx is a-naphthylmethyl cyclohexyl ether. e Four g. of catalyst used. 'O n e  g. of cat
alyst used. 1 Three g. of catalyst used. “ By isolation. 1 By titration.

the ester was completely cleaved, and the ether was 
untouched, in accordance with expectations, since 
the ether could not be reduced alone under these 
conditions.

However, when the most easily cleaved ether, p- 
phenylbenzyl cyclohexyl ether, and the less easily 
cleaved ester, benzyl acetate, were hydrogenated 
together (No. 9), it was found that the selectivity 
of reduction was not complete. To be sure, the es
ter was cleaved to a greater extent, but a 35% yield 
of p-methylbiphenyl was also isolated, indicating 
at least this much ether cleavage.

At first glance it may appear anomalous that the 
a-naphthylmethyl group, which is considered to 
be the “most easily cleaved” of all benzyl type 
groups in hydrogenolysis of tertiary amines and 
quaternary ammonium bases, is not cleaved at all 
in its ether linkage. The explanation of this fact 
rests on the observation of Dahn et al.,6 that al
though the naphthylmethyl group in a competitive 
reduction is preferentially cleaved, it gives the 
slowest reactions of all the benzyl type groups 
with which they worked. This is explained by as
suming that the selectivity of reduction is governed 
by the degree of adsorption of the compound on the 
palladium catalyst, and not by the speed of hydro
genation. Thus, apparently a-naphthylmethyl cy
clohexyl ether is adsorbed very strongly on the cat
alyst, but its rate of hydrogenation is impracticably 
slow.

The ability of the a-naphthylmethyl cyclohexyl 
ether to prevent the reduction of benzyl cyclohexyl 
ether is explained on the same basis: the me- 
naphthyl ether is adsorbed so much more strongly 
that it occupies all the available catalytic sites on 
the catalyst, leaving none available for the benzyl 
ether.

E X P E R IM E N T A L

Reductions. The Parr Adams Pressure Reaction Apparatus 
was used throughout this work. Reductions were carried out 
with an overpressure of three atmospheres of hydrogen. A 
drop of 7 pounds was equivalent to 0.1 mole of hydrogen 
absorbed. In all cases either 0.05 or 0.1 mole of compound 
dissolved in 100 ml. of ether was taken for hydrogenation. 
The hydrogenation catalyst used was 10% Palladium on 
Darco (made by The American Platinum Works, Newark, 
N.J.).

For each 0.1 mole of compound taken for hydrogenation, 
six grams of catalyst were used, except that with the esters, 
smaller quantities were used, as noted in Table I.

When the desired amount of hydrogen had been absorbed, 
the catalyst was filtered off and washed with ether. In some 
cases where acetic and/or benzoic acid had been produced 
during hydrogenation, a titration was performed to deter
mine the amount of acid, after which the acid was extracted 
with sodium hydroxide. Then the non-acidic products were 
separated by distillation in a micro apparatus fitted with a 
small Vigreux column.

Benzyl benzoate and benzyl acetate were obtained com
mercially.

Benzyl cyclohexyl ether was prepared by the method of
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Jarrousse , 6  from cyclohexanol and benzyl chloride in the 
presence of 55% sodium hydroxide and triethylamine at 50- 
55°. Yield of benzyl cyclohexyl ether, b.p. 164° (37 mm.), 
141° (18 mm.), 132° (12 mm.), was 70%.

p-Xylyl bromide, b.p. 85-95° (4 mm.), m.p. 34-35° (nee
dles from ethanol), was prepared in 44% yield by sunlight 
initiated brominatior. of p-xylene in carbon tetrachloride 
solution.

p-Xylyl cyclohexyl ether. Cyclohexanol (10.0 g., 0.1 mole) 
was added to a stirred mixture of 25 ml. of absolute ether 
and 3.9 g. (0.1 mole) of sodamide. Then 18.5 g. (0.1 mole) 
of p-xylyl bromide was added dropwise. The reaction was 
stirred in an oil bath at 70° for 21 hr. Then water was added 
to dissolve the sodium salt and the organic layer was ex
tracted with ether. The ether lajmr was washed with water, 
dried with magnesium sulfate, and distilled. p-Xylyl cyclo
hexyl ether, b.p. 114° (4 mm.), was obtained in 44% yield.

Anal. Calcd. for C14H 20O: C, 82.28; H, 9.87. Found: C, 
79.92; H, 9.60.

4-Phenyl benzyl alcohol was made from 4-bromodiphenyl 
by the Grignard reaction . 7

4-Chloromethyl diphenyl was made from die alcohol and 
thionyl chloride. 7

p-Phenylbenzyl cyclohexyl ether, b.p. 160-167° (5 mm.), 
m.p. 84-86° (colorless plates from ethanol), was made by 
two methods. I t  was made from cyclohexanol and 4-chloro- 
methyl diphenyl in 41% yield by the method described 
above for p-xylyl cyclohexyl ether; and it was made in 47%

(6 ) J. Jarrousse, Compt. rend., 232, 1424 (1951).
(7) S. Goldschmidt, P. Modderman, and G. A. Overbeek, 

Rec. trav. chim., 69, 1109 (1950).

yield by the method of Jarrousse6 described above for benzyl 
cyclohexyl ether.

1-Chloromethyl naphthalene was made by the method of 
Coles and Dodds . 8 a-Naphthylmethanol was made in 75% 
yield by hydrolysis of 1 -chloromethylnaphthalene and in 
45% yield by the Grignard reaction via alpha-bromonaph- 
thalene according to Bourquelot and Bridel. 9 a-Naphthyl- 
methyl acetate, b.p. 142-143° (4 mm.), 172-173° (13 mm.), 
was made in 24% yield by direct reaction of acetyl chloride 
with the alcohol. Acetic anhydride would not react with a- 
naphthylmethanol in the absence of a catalyst; and in the 
presence of sulfuric acid only polymeric products could be 
obtained.

Anal. Calcd. for C13H 12O2 : C, 77.92; H, 6.04. Found; C, 
76.94; H, 6.13.

a-R1 aphthylmethyl cyclohexyl ether was made in 27% yield 
from the chloride and cyclohexanol by the method of 
Jarrousse4 described above for benzyl cyclohexyl ether. The 
compound is described in the literature10 as a liquid, b.p. 
165-166° (0.8 mm.). I t  was found in this work to be a 
solid, m.p. 40^11.5° (needles from ethanol), b.p. 176-177° ( 6  

mm.).
Anal. Calcd. for Ci,H 2 0O: C, 84.89; H, 8.39; M. W. 240.2. 

Found: C, 84.64; H, 8 .2 1 ; M. W. 244.0.

(8 ) II. W. Coles and M. L. Dodds, J. Am. Chem. Soc., 60, 
853 (1938).

(9) E. Bourquelot and M. Bridel, Compt. rend., 168, 323 
(1919).

(10) W. K ruyt and H. Veldstra, Landbouwk. Tijdschr., 
63, 398 (1951); Chem. Abstr., 55, 7287 (1951).

A m h e r s t , M a s s .
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w ith  n -B u ty llith iu m  and D im eth y l S u lfa te1

WILLIAM E. PARHAM a n d  MILLS T. KNELLER 2 3 
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2,5-Diphenyl-l,4-dithiadiene (VI) does not react appreciably with n-butyllithium in ether at 0°; however, when dimethyl 
sulfate is present a substitution-elimination reaction occurs leading to phenylaeetylene and the sulfides VIII and IX. VIII 
was shown to be a major component of the mixed sulfides, by alkaline hydrolysis of the corresponding crude sulfone to 
benzyl n-butyl sulfone (XII). I t  appears that the cleavage of the dithiadiene ring to acetylenes and alicyclic ethvlenic sul
fides is a general reaction, for both VI and benzo-l,4-dithiadiene (I) react similarly, and in a manner different from their 
open chain analogs.

The reaction of the ethylenic sulfides VIII and IX  with phenyllithium was studied, and cleavage of the expected acetylenic 
sulfides to phenylaeetylene w'as observed.

It has been previously shown that benzo-1,4- 
dithiadiene (I) does not undergo appreciable metal
ation by reaction with butyllithium in ether at 0°.
However, when such reaction mixtures are treated 
with alkylating agents, a substitution-elimination 
reaction occurs (II), leading to the formation of 
acetylene and sulfides such as III. The open chain 
analogs of I, cis or brans bis-(phenylmercapto)- 
ethylene (IV), on the other hand, react rapidly

( 1 ) This work was supported by the office of Ordnance 
Research, U. S. Army, Contract No. DA-ll-022-Ord-2616.

(2 ) From the M.S. Thesis of M. T. Kneller, University of 
Minnesota ,1958.

(3) W. E. Parham and Paul L. Stright, J . Am. Chem. Soc.,
78, 4783 (1956).

IV

S-C H 3 
S-C4H9 

+
HC CH 

III

Cr,H.iS-C=CH
+

CsH^SLi

with butyllithium in ether at 0° to give high 
yields of phenylmercaptoacetylene and lithium 
thiophenolate. The presence of dimethyl sulfate
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does not alter the course of this reaction, but does 
lead to methylated derivatives of phenylacetylene 
and thiophenol.

We were interested in extending our knowledge 
of the cleavage of dithiadienes, and their open chain 
analogs, and have accordingly completed a study of 
the reaction of 2,5-diphenyl-l,4-dithiadiene (VI), 
and products derived from VI, with organolithium 
derivatives. These reactions were studied both in 
the presence and absence of alkylating agents, 
and the results are described in this report.

The initial study concerned the reaction of 2,5- 
diphenyl-l,4-dithiadiene (VI) with n-butyllithium. 
The conditions employed were essentially identical 
to those previously reported for the conversion of 
IV to V. Only a small evolution of gas, presumably 
butane, was observed over a 2.5-hr. period. Water 
was then added to decompose the organometallic 
reagents, and the organic products were processed 
by chromatography and distillation. There was ob
tained an 87% recovery of 2,5-diphenyl-l,4- 
dithiadiene. The relatively small amount of butane 
liberated, together with the high recovery of 2,5- 
diphenyl-l,4-dithiadiene, suggested that very little 
reaction had occurred. Thus, under these conditions 
VI behaves in a manner analogous to I, but not 
to IV.

The reaction of 2,5-diphenyl-l,4-dithiadiene 
with butyllithium was then carried out in the 
presence of dimethyl sulfate. The procedure used 
was similar to that previously described for I. 
As judged by spectral data, boiling points, and re
fractive index a number of products were formed in

c h 3

/ S c 6h 5
1. n — C4H9Li

1 ©

X  1
2. (C H sh S o / i  jr

C6H% " s q h P s

VI C.H®7
VII

c h 3 c h 3

s
/

CH
II
c

/ \  
c 6h 5 s

+

S
\
c - c 6h 5
II
CH

/
s
!

+

c 4h 0 c 4h 9

VIII IX

C6H5

CH

C
I

c 6h 6

the reaction; however, two principal products 
were characterized.

The infrared spectrum of the lower boiling liquids 
showed strong absorption at 3315 cm.-1 and 2105 
cm.-1, typical of the terminal acetylenic group. 
The presence of phenylacetylene in these products 
was positively established by their conversion into 
mercury phenylacetylide. The product was identi
fied by comparison of melting points, mixed

melting points, and infrared spectrum of the deriva
tive with authentic mercury phenylacetylide. 
The amount of derivative obtained corresponded 
to a 33% yield of phenylacetylene (X). In addi
tion, small fractions with intermediate boiling 
points showed absorption at 2160 cm.-1 typical of 
non-terminal acetylene. Although these products 
were not identified, they were most probably 
methylphenylacetylene and/or sulfides such as 
XIII.

The principal organic product, obtained in 
consistent yields of 60-71%, was a high boiling 
yellow-oil (b.p. 114-115°/0.3 mm., nd 1.6042). 
This material had the empirical formula Ci3H18S2, 
which was consistent with the two probable sul
fides VIII and IX.

The formation of VIII and/or IX, together with 
phenylacetylene, from 2,5-diphenyl-l,4-dithiadiene, 
established the general course of reaction to be that 
shown in the above equation. Thus, diaryldithia- 
dienes react with n-butyllithium and dimethyl sul
fate in a manner analogous to that previously ob
served for benzo-l,4-dithiadeine (I).

There remained the problem of determining the 
structure of the sulfide VIII and/or IX. I t can be 
seen that the elimination of phenylacetylene from
VII can occur in either of two ways, leading to
VIII or IX. Distillation of various samples of this 
material gave relatively narrow ranges of boiling 
point and refractive index (n|>5 * 1.6029-1.6059), 
and the infrared spectra of these samples were 
essentially identical. These results suggested that 
the product was homogeneous. However, the prod
uct failed to give a solid sulfone, or sulfilimine, and 
vapor phase chromatography suggested the pos
sibility of four components. Assuming that no de
composition occurred during the chromatography, 
then the four components are considered to be the 
cis and trans isomers of VIII and IX.4 That the 
crude sulfide was composed principally of VIII, 
(cis and/or trans) was shown by alkaline hydrolysis 
of the crude sulfone. n-Butyl benzyl sulfone (XII) 
was obtained in 51% yield. The yield of crude XII 
was 84%; there was no evidence for the presence of

CiHsOH, HsO
o h -

c 6h 6—c = c h —s o 2c h 3 -------------->  c 6h 6—c h 2s o 2c 4h 8
I

s o 2c 4h 9
X I X II

appreciable quantities of benzylmethyl sulfone, 
which would result from hydrolysis of the sulfone 
of IX.

(4) The cis isomers of VIII and/or IX  should be formed 
in the reaction; however, the oils were processed by dis
tillation. We have shown that partial or complete isomeriza
tion of related bis-sulfides occurs upon vacuum distillation
[unpublished work, see also W. E. Truce and R. J. Mc-
Manimie, J. Am. Chem. Soc., 76, 5745 (1954); W. E. Parham 
and I. Heberling, J. Am. Chem. Soc., 77, 1175 (1955)1-
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The reaction of VIII6 with one equivalent of 
phenyllithium was also investigated. I t was hoped 
that the principal acetylenic sulfide that resulted

C o H iL i
C6H6—C = C H —S—CH3------- >- C6H5C = C —S—CH3 +

| C4H„SLi
s —c 4h 9
V III X III

I C bH sL x '  CeHeLi
c 6h 6c = c h --------^

C6H6Cs=CLi
XIV

would establish whether the elimination reaction 
(IV-V or VIII-XIII) was occurring by: metalation 
with subsequent beta elimination of mercaptide, or 
metalation with subsequent «-elimination and re
arrangement,6 of the resulting carbene. There was 
obtained instead a 31% recovery of starting sul
fide, a 35% yield of phenylacetylene, and only 
relatively small amounts of material boiling in an 
intermediate range. Some non-terminal acetylenes 
(infrared absorption at 2160 cm.-1), presumably 
X III and the corresponding butyl derivative, were 
present in the latter materials; however, they were 
present in such small amounts that their identi
fication was considered to be of no significance. 
A 35% yield of phenylacetylene could account for 
70% of the starting phenyllithium (VIII—*XIV). 
It is probable, therefore, that the intermediate 
mercaptoacetylene (XIII) reacts at a comparable, 
or even faster, rate with phenyllithuim than does 
the starting sulfide VIII. These results suggest 
that the synthesis of substituted mercaptoacetyl- 
enes, by elimination of mercaptan from bis-substi
tuted mercaptoethylenes, may prove generally 
unsatisfactory unless terminal acetylenes, such as 
V, result. The recent report by Truce, and bis co
workers, of the cleavage of XV to XVI,7 by re-

C iH . L i
(ArS)2C=CHSAr -------->  A rS feC S A r

XV XVI

action with n-butyllithium, suggest that there may 
be a considerable difference between butyllithium 
and phenyllithium in these reactions. This pos
sibility will be the subject of further study.

E X P E R I M E N T A L

The reaction of butyllithium with 2,5-diphenyl-1 ,4-dithi- 
adiene in the absence of alkylating agent. 2,5-Diphenyl-l,4-

(5) V III was obviously contaminated with IX; however, 
this fact does not obviate the ensuing argument.

(6) Cf. D. Y. Curtin, E. E. Harris, J. Am. Chem. Soc., 73, 
2716, 4519 (1951); S. J. Cristol, R. F. Helmreich, J. Am. 
Chem. Soc., 77, 5034 (1955); A. Bothner-By, J. Am. Chem. 
Soc., 77, 3293 (1955), for discussion of related elimination 
reactions.

(7) W. E. Truce and R. Kassinger (paper presented before 
the Organic Division of the American Chemical Society, 
San Francisco, April 1958.

dithiadiene8 (5.36 g., 0.02 mole), in benzene (35 ml.), was 
added to a cold ( —5°) solution of butyllithium9 (from 1.07 
g., 0.15 g.-atom of lithium) in ether (41 ml.). The mixture 
was stirred for 2.5 hr.; however, only a small evolution of 
gas was noted. Water (30 ml.) was added, and 7.8 g. of oil 
was isolated from the dry (MgSCh) ethereal solution. This 
oil was chromatographed on a column of Alcoa alumina 
(300 g.), using petroleum ether and petroleum ether- 
benzene as eluant. There was recovered 4.68 g. of VI (m.p. 
114r-118°, 87% recovery); mixture melting point with 
authentic VI (m.p. 116-117°) was 114-117°.

The reaction of 2,5-diphenyl-l,4-dithiadiene (VI) with butyl- 
lithium and dimethyl sulfate. A solution of VI (l3.8 g., 0.0052 
mole), in dry benzene (120 ml.), was added dropwise to a 
solution of butyllithium9 (from 35.4 g., 0.258 mole, of butyl 
bromide) in ether (155 ml.). An atmosphere of nitrogen was 
maintained, and the reaction temperature was maintained 
at —10°, with stirring, for 2 hr. Dimethyl sulfate (39 g., 
0.31 mole), in ether (39 ml.), was added over a 23-min. 
period; the reaction temperature rose to 0°, even with 
external cooling. The resulting mixture was allowed to warm 
to room temperature (3.5 hr.), then water (210 ml.) was 
added. The ethereal solution was dried (MgSCh), and con
centrated and the resulting yellow-brown oil (19.2 g.) was 
distilled. The principal product 8.80 g. (71.5% yield) was 
collected at 117-121 70.45 mm.; n 2D6 1.6059.

Anal. Calcd. for Ci3H i8S2: C, 65.49; H, 7.61; S, 26.90; 
M.W., 238.4. Found: C, 65.73; H, 7.56; S, 27.29; M.W. 
(freezing point, benzene), 223.

This procedure was repeated several times with minor 
variations; the yield of high boiling product varied between 
64 and 71%.

Lower boiling fractions, collected between 25°/135 mm. 
and 77°/0.3 mm., contained terminal acetylene (infrared 
absorption at 3315 cm.-1 and 2105 cm.-1) and non-terminal 
acetylene (infrared absorption at 2180 cm.-1).

The amount of phenylacetylene present was estimated 
by the conversion of X, in the lower boiling fractions with 
boiling point close to that of phenylacetylene, to mercury 
phenylacetylide. The procedure used was that previously 
reported10 by J. R. Johnson and W. L. McEwen; the yield 
of derivative (m.p. 126-127°) was 90% when authentic 
phenylacetylene was employed. The amount of mercury 
phenylacetylide (m.p. 125-126°, mixture m.p. 125-126°) 
obtained from the lower boiling fractions corresponded to 
33% of the theoretical yield of phenylacetylene.

Oxidation of VIII and for IX  with hydrogen peroxide. 
Alkaline hydrolysis of the product. Hydrogen peroxide (30%, 
13 ml.) was added in three portions, a t 20-min. intervals, 
to a solution of V III and/or IX  (1.02 g., 0.0043 mole) in 
glacial acetic acid (16 ml.). The mixture was heated at the 
reflux temperature for 1 hr., and was then cooled and 
diluted with water (20 ml.). The pH of the solution was 
adjusted to 8 by the addition of solid sodium bicarbonate; 
the resulting solution was saturated with sodium chloride, 
extracted with ether (150 ml.), and then with methylene 
chloride (150 ml.). The combined organic extract was dried 
and concentrated, affording 0.95 g. of viscous oil.

The crude sulfone (0.95 g., 0.003 mole calcd. as X I) was 
dissolved in a solution prepared from ethanol (10 ml.) and 
3N  potassium hydroxide (10 ml.). The resulting mixture 
was heated for 5 hr. a t the reflux temperature under a nitro
gen atmosphere. The resulting mixture was cooled, and the 
resulting solid (0.47 g., 84% calcd. as X II) was collected 
and recrystallized from petroleum ether. There was obtained 
0.34 g. (51% yield) of benzyl n-butyl sulfone melting at 96-

(8) R. H. Barker and C. Barkenbus, J. Am. Chem. Soc., 
58,262 (1936).

(9) H. Gilman and J. W. Morton, Jr., Org. Reactions, VI, 
295 (1954).

(10) J. R. Johnson and W. L. McEwen, J. Am. Chem. Soc., 
48, 474 (1926).
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98° (mixture melting point with authentic11 12 * * benzyl re-butyl 
sulfone, m.p. 94°, was 96-97°).

The reaction of V III and IX  with phenyl lithium. The 
apparatus employed was a 100-ml. three-necked flask, fitted 
with a condenser, nitrogen inlet, stirrer, and dropping fun
nel. The sulfide V III and IX  (5.04 g., 0.0211 mole) was 
added drop wise (15 min.) to a solution of phenvllithium, 
prepared18 from bromobenzene (3.65 g., 0.0232 mole, and 
lithium, 0.34 g., 0.049 g.-atom) in ether (20 ml.). The mix
ture was stirred in a nitrogen atmosphere for 3 hr. a t room 
temperature. The precipitated salts (containing the lithium 
salt of methyl and n-butyl mercaptans) were removed by 
filtration and discarded. The ether layer was acidified with 
dilute hydrochloric acid, washed with water, and dried over

(11) J. Buchi, M. Prost, H. Eichenberger, and R. Liber- 
herr, Helv. Chim. Acta, 35, 1527 (1952).

(12) G. Wittig, Newer Methods of Preparative Organic
Chemistry, Interscience Publishers, Inc., New York, N. Y.,
1948, p. 576.

MgSCh, and concentrated. The residual oil was distilled, 
and there was obtained a low boiling fraction (1.24 g.) and 
a high boiling fraction (1.60 g., b.p. 99-103°/0.0G mm., re“  
1.603). The higher boiling fraction was identified by physical 
properties, and by infrared spectra, as nearly pure starting 
sulfide (31.7% recovery).

The lower boiling fraction was a mixture containing 
phenylacetylene (infrared absorption at 3315 cm.-1 and 2100 
cm.-1), non-terminal acetylene (infrared absorption at 2160 
cm.-1), and other products. An attem pt to resolve this 
material by distillation was not successful since the quanti
ties of each component present, other than phenylacetylene, 
was relatively small.

The amount of phenylacetylene present was estimated by 
its conversion into mercury phenylacetylide. The amount 
of derivative isolated (m.p. 125-126°, mixture m.p. 125- 
126°) corresponded to a 35.3% yield of phenylacetylene. 
This is a minimum quantity since some phenylacetylene 
was undoubtedly lost during the distillation.

M i n n e a p o l i s  14, M i n n .

[ C o n t r i b u t i o n  f r o m  t h e  S c h o o l  o f  C h e m i s t r y  o f  t h e  U n i v e r s i t y  o f  M i n n e s o t a ]

F orm ation  o f  C arbenes from  a -H aloesters1

WILLIAM E. PARHAM a n d  FREDERIC C. LOEW2 

Received May 19, 1958

The reaction of butylate ion with the i-butyl esters of chloroacetic, dichloroacetic and trichloroacetic acid has been studied, 
and it has been shown that carbene intermediates result from the di- and tri-chloro esters. The reaction of i-butyl dichloro- 
acetate with butylate ion, in the presence of isobutylene, results in the formation of l,l-dichloro-2,2-dimethy]cyclopropane
(II), di-i-butyl carbonate (III) and hexa-i-butyl mellitate (IVa). The reaction of the triehloro ester, under similar conditions, 
affords di-i-butyl carbonate (III) and the cyclopropane II. Thus, under the conditions employed, both of these esters are 
converted into dichlorocarbene.

In a previous communication3 we suggested that 
the reaction between esters of dichloroacetic acid 
and base might lead to carbenes. However, when 
indene was used as the carbene acceptor no products 
were obtained which could have been derived from 
chlorocarbalkoxy carbene. We have now made a 
study of the action of the f-butylate ion upon the 
i-butyl esters of chloroacetic, dichloroacetic, and 
trichloroacetic acid and have found that carbenes 
result from the last two.

The reaction of i-butyl dichloroacetate with i- 
butylate ion in the presence of isobutylene was 
first studied, and the products isolated were 1,1- 
dichloro-2,2-dimethylcyclopropane (II), i-butyl car
bonate (III) and a neutral ester which has been 
shown to be hexa-i-butyl mellitate (IVa).

The isolation of l,l-dichloro-2,2-dimethylcyclo- 
propane (II) from the above reaction is convincing 
evidence for the formation of dichlorocarbene (VII) 
as an intermediate.3-6 The formation of this car-

(1) This work was supported by a grant (NSF-G2163) 
from the National Science Foundation.

(2) Sinclair Refining Company Fellow, 1956-1957.
(3) W. E. Parham and R. R. Twelves, J. Org. Chem., 22, 

730 (1957).
(4) (a) J. Hine, J. Am. Chcm. IHoc., 72, 2-138 (1950); (b) 

J. Hine and A. M. Dowell, Jr., J. Am. Chem. Soc., 76, 2688 
(1954); (c) J. Hine, P. C. Peek, Jr., and B. D. Oakes, J. Am.

C H
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(d) R =  CH
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C (C H ),

Chem. Soc., 76, 6162 (1954); (d) J. Hine, A. M. Dowell, Jr„ 
and J. E. Singlev, Jr., J. Am. Chem. Soc., 78, 479 (1956).

(5) (a) W. von E. Doering and A. K. Hoffmann, J. Am. 
Chem. Soc., 76, 6162 (1954); (b) W. von E. Doering and P. 
LaFlamme, J. Am. Chem. Soc., 78, 5448 (1956).
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bene is rationalized by equation (a) below; carbon unexpected. The formation of this ester is thought 
monoxide was identified6 7 as a reaction product.8 to occur10 as illustrated below. The fate of the

ChCHCOoR +  RO - — 3

CUC-—COiR- 
VI

-(a) — ChC -{- CO -}- RO 
VII

-(b) — > CICCO.R +  CI- 
VIII

CloCH—C—0 —R +  OR — 3-i
I

OR

[CbCH—C—OR] — ^  ChC H - +  ROC—OR

It is interesting to note that the cyclopropyl ester 
V was not found as a reaction product; consequently 
it was concluded that either: (a) the carbene VIII 
was not formed (reaction b) in appreciable quantity, 
or (b) the carbene VIII does not add appreciably 
to isobutylene. The former explanation is preferred 
in view of the electrophilic nature of carbene 
centers6b and the probable relative instability0“ of 
carbene VIII with respect to the carbanion VI and 
carbene VII.

The formation of hexa-i-butyl mellitate (IVa) 
was unexpected; the assignment of structure was 
made on the basis of the following data: (1) the 
neutral ester had the composition (C and H) and 
molecular weight commensurate with IVa, and the 
infrared spectrum showed carbonyl absorption at 
1730 cm.-1, (2) the ester was hydrolyzed by action 
of 20% hydrochloric acid to mellitic acid (IVb), and 
the latter was converted by conventional methods 
into the acid chloride (IVc), and methyl ester 
(IYd). The properties of IVc and IVd were in 
agreement with those previously reported for these 
derivatives, and the methyl ester (IVd) was shown 
to be identical with a sample of hexamethyl mel- 
litate prepared from hexamethyl benzene. Whether 
hexa-f-butyl meditate (IVa) was formed by tri- 
merization of the possible intermediate di-t-butyl 
acetylenedicarboxylate,9 or by some other mecha
nism is the subject of a study to be reported at a 
later date.

In view of the steric requirements imposed by the 
bulky ¿-butoxide groups, the formation of (-butyl 
carbonate (III), in relatively large amounts, was

(6) (a) P. S. Skell and A. V. Garner, / .  Am. Chem. Sor., 
78, 3409 (1956); (h) P. S. Skell and A. Y. Garner, ./. Am. 
Chem. Soc., 78, 5430 (1956); (c) P. S. Skell and R. C. Wood- 
worth, J. Am. Chem. Soc., 78, 4496 (1956); (d) P. S. Skell 
and R. M. Etter, Chem. and Ind. (London), 624 (1958).

(7) E. G. Voiret and A. L. Bonaime, Ann. chin., anal. 26, 
11 (1944).

(8) Hine and coworkers [J. Hinc, E. L. Rollitzer, and II. 
Wagner, J. Am. Chem. Soc., 75, 5607 (1953)] have found that 
alcohols are dehydrated in the presence of haloforms and 
alkali with the formation of CO. Therefore, the detection of 
CO as a product in this reaction is not posi:ive evidence for 
reaction path a. However, the dehydration of alcohols under 
these conditions can best be explained by assuming the inter
mediate formation of dichlorocarbene. Thus, although the 
CO may be formed primarily by dehydration of /-butyl alco
hol, reaction path a appears to be the only plausible route to 
dichlorocarbene.

(9) 0 . Diels, Ber., 75B, 1452-67 (1942) has shown that
hexamethyl mellitate is formed from dimethyl acetylenedi
carboxylate by the action of pyridine acetate.

o -  O
III

CbCH-  ion was not determined; however, there 
was no evidence for the formation of appreciable 
quantities of l-chloro-2,2-dimethylcyclopropane, 
which could result if CLCH-  lost chloride ion to 
give HCC1, or methylene chloride.

The carbonate cleavage observed for I, suggested 
that a-haloesters which do not contain a-hydrogen 
atoms may serve as convenient sources for carbenes. 
This apparently is the case, since a 55% yield of 
pure l,l-dichloro-2,2-dim ethylcyclopropane (II), 
together with a 91% yield of di-(-butyl carbonate
(III), resulted from the reaction of (-butyl tri- 
chloroacetate11 and potassium i-butylate in the 
presence of isobutylene.

0
1 -

C13C—C—O—R +  RO — »- [C13C—C—OR] ■— >

O OR
III +  CClo +  C l-

The reaction of (-butyl chloroacetate and potas
sium ¿-butylate, in the presence of 2-methylbutene- 
2, was investigated. Tars resulted, and no (-butyl 
carbonate or volatile halogen containing products 
were noted.

E X P E R IM E N T A L

The reaction of t-butyl dichloroacetate (I) with 'potassium 
l-butylate in the presence of isobutylene. t-Butyl dichloroace
ta te3 (185 g., 1.0 mole) was added over a 90 minute period to 
a cold ( —6 to —10°) mixture of powdered potassium t- 
butoxide5“ (1.28 mole), isobutylene (300 ml. a t —80°, ca. 4 
mole), and olefin-free pentane (300 ml.). The resulting deep 
red mixture was stirred for an additional 90 min., the dry ice 
condenser and cooling bath were removed, and the isobutyl
ene was allowed to evaporate (overnight). Water (300 ml.) 
was added to the reaction mixture to dissolve solids, and 
the organic layer was separated and dried (MgS04). After 
several days, a solid precipitated from this solution. The 
mixture was filtered and processed as described below.

Hexa-t-butyl mellitate (IVa). The solid, containing mag
nesium sulfate, was treated with water, and the organic com
ponent was collected by filtration. This material was tritu
rated with methanol and recrystallized from benzene- 
petroleum ether. There was obtained 3.2 g. (2.8% yield) of 
IVa (dec. upon heating, does not melt below 360°).

(10) See M. L. Bender, J. Am. Chem. Soc., 75, 5986 (1953).
(11) This observation supports the suggestion that di- 

fluorocarbene may result from the reaction of ethyl tri- 
fluoroacetato and etlioxide ion [E. Bergman, ./. Org. Chem., 
23, 476 (1958)]. Bergman also reports that the reaction of 
higher perfluoroesters with alkoxide leads to the formation of 
diethyl carbonate.
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Anal. Calcd. for C3#H mOi2 : C, 63.68; H, 8.02; mol. wt., 
678. Found: C, 63.56; H, 7.76; mol. wt. (cryoscopic in ben
zene), 700.

The infrared spectrum in Nujol showed peaks at 2940 (s), 
2860 (s), 1730 (s), 1465 (m), 1425 (w), 1395 (w), 1370 (m), 
1335 (m), 1260 (s), 1238 (s), 1150 (s), 1113 (m), 1035 (w), 
985 (m), 905 (w), 883 (m), 853 (m), 838 (m), 785 (w), 735 
(m), 717 (w), 685 (w), and 658 cm.-1 (m).

The organic solution, described above, was distilled 
through a 12 inch glass-helices packed column. After removal 
of pentane, four fractions were collected: (1) b.p. 50-55°/ 
135 mm., consisting mainly of ¿-butyl alcohol, (2) 14.34 g., 
b.p. 60-637115 mm., n2D5 1.4320-1.4430, (3) 39 g., b.p. 
88765 mm., m.p. 35-40°, and (4) residue, dark in color, 
59 g.

l,l-Dichloro-2,2-dimethylcyclopropane (II). Fraction 1 was 
dissolved in petroleum ether, washed with 5 portions of 
water, dried (MgS04), and distilled at atmospheric pressure. 
There was obtained, in addition to ¿-butyl alcohol, 8.2 g. of 
II, b.p. 118-120°, ra d5 1.4410-1.4462. This material was com
bined with fraction 2, above, and redistilled through a Piros- 
Glover spinning band column. There was obtained 18.2 g. 
(13.1%) of II, b.p. 118-120°, n2o 1.4466 (reported6* b.p.
118-120°, ti2d5 1.4454).

Anal. Calcd. for C6H8CI2: C, 43.19; H, 5.80. Found: C, 
43.38; H, 5.80.

The infrared spectrum of the product showed bands at 
1735, 1290, and 1140 cm.-1, attributed to small contamina
tion by di-i-butyl carbonate (III). This impurity was easily 
removed by treating a pentane solution of the cyclopropane 
with several portions of concentrated sulfuric acid. The 
spectrum of the resulting material (n2D5 1.4468) was identical 
with that of an authentic sample of II  prepared, as previously 
described,5* from chloroform.

Di-t-butyl carbonate (III). Fraction 3 (m.p. 35-40°), de
scribed above, was principally di-f-butyl carbonate (III,
23-29% yield in several runs). The product was recrystal
lized from methanol, and the resulting product (m.p.
39.5-40.5°, yield range 16-20%) was identical (mixture 
m.p. and I.R. spectra) with an authentic sample of I I I .12

Infrared bands a t 3000 cm.-1 (s), 2960 (m), 1735 (v.s.), 
1475 (w), 1460 (w), 1395 (m), 1370 (s), 1290 (v.s.), 1250 
(w), 1140 (v.s.), 895 (w), 845 (m), 790 (w), and 715 (w). 5% 
in CC14—CSo using a 37 y cell.

Residue. The residue (59 g.), described above, was chroma
tographed on a column of Alcoa alumina (600 g.), using 
petroleum ether and mixtures of petroleum ether and ben
zene, as eluant. A pale yellow resinous material (15 g.) was 
isolated. This material showed unsaturation (I.R. absorp
tion at 1620 cm.-1), ester carbonyl (I.R. absorption at 1725 
cm.-1, shoulder a t 1740 cm.-1), and chlorine (sodium fusion). 
The material decomposed upon attempted distillation (short 
path) at 0.1 mm. This product was not identified, but was 
considered to be higher condensation products of ¿-butyl 
dichloroacetate.

Attempts to isolate l-chloro-2,2-dimethylcyclopropane in 
the above reaction were unsuccessful.

The reaction of ¿-butyl dichloroacetate, potassium t- 
butylate and isobutylene, was repeated in the absence of the 
solvent pentane. No evidence for the formation of either 
methylene chloride or l-chIoro-2,2-dimethylcvclopropano 
was noted.

Proof of structure of hexa-t-butyl mellitate (IVa). Hydroly
sis of IVa to mellitic acid (IVb). A mixture of hexa-t-butyl 
mellitate (3.4 g.) and 20% hydrochloric acid (25 ml.) was 
heated at the reflux temperature until all the solid material 
had dissolved (5-6 hr.). The resulting solution was evapo
rated to dryness, and the residue (1.7 g.) was recrystallized 
three times from 20% HC1. The acid did not have a sharp

(12) A. R. Choppin and J. W. Rogers, J. Am. Chem. Soc.,
70, 2967(1948).

melting point (285-299°, uncorrected). Mellitic acid is re
ported13 to melt a t 285-287°.

Anal. Calcd. for CI2H60 i2: C, 42.11; H, 1.77; Neut. eq., 
57.0. Found: C, 42.46; H, 2.00; Neut. eq., 57.0.

Conversion of mellitic acid to the acid chloride (IVc). The 
acid IVb (0.1 g.) was converted to the acid chloride (IVc) 
by reaction with phosphorous pentachloride (0.7 g.) at 150° 
for 2 hr. The resulting solid was recrystallized from benzene, 
and sublimed (flame) at 1 mm. The product sublimed at 
240-245° (reported m.p. 240°).14

Anal. Calcd. for Ci20 6Cl6: C, 31.84; H, 0.00. Found: C, 
31.97; H, 0.24.

Conversion of mellitic acid (IVb) to hexamethyl mellitate 
(IVd). Mekitic acid (0.9 g.) was esterified by reaction with 
excess diazomethane in ether. The crude product (1.3 g.) 
was recrystallized from benzene-petroleum ether which af
forded 1.15 g. of colorless hair-like needles, m.p. 192-193°. 
Anafysis of this material gave values consistent with the 
formula Ci8Hi80i2' ‘/ 3 C6H6. The sample was rodried (100°/ 
0.1 mm. for 3 hr.) and the resulting product melted a t 188- 
188.5° (reported15 m.p. 187-188°).

Anal. Calcd. for Ci8IIi80 i2: C, 50.72; H, 4.23; mol. wt. 426. 
Found: C, 50.98; H, 4.08; mol. wt. (cryoscopic in benzene), 
430, 437.

This material proved identical (m.p., mixture m.p., in
frared spectrum) with authentic IVd.

Authentic hexamethyl mellitate (IVd). Mellitic acid was, 
prepared13 by oxidation of hexamethyl benzene (2 g.) with a 
mixture of fuming nitric acid (7 ml., d. 1.52) and water (2 
ml.). The Carius tube employed had a volume of 100 ml. 
and a wall thickness of 3 mm. Attempts to carry out this re
action on a larger scale, or in smaller tubes, resulted in 
failure of the tube. Recrystallization of the product from 
65% HNO: afforded 1.18 g. (28%) of mellitic acid.

This material was methylated with diazomethane as de
scribed above. The product was recrystallized twice from 
benzene-pet-oleum ether B and dried at 100° (0.1 mm.), 
m.p. 187-189° (reported15 187-188°).

Authentic l,l-dichloro-2,2-dimethylcyclopropane (II). This 
compound was prepared from potassium ¿-butylate (0.40 
mole), isobutylene (160 ml. at —80°), and chloroform (90 g.) 
according to the procedure of Doering and Hoffmann,5“ ex
cept that pentane (150 ml.) was used as the solvent rather 
than ¿-butyl alcohol (obviatirlg extensive washings of the re
action mixture and foreruns). The reaction mixture was 
washed with two portions of water, separated, dried (Mg- 
S04), and distilled to afford 33.5 g. (60%) of product, 
b.p. 118-20/738 mm., n2„s 1.4468.

Authentic di-t-butyl carbonate. The procedure of Choppin 
and Rogers12 was used except that potassium ¿-butylate in 
hexane was substituted for sodium ¿-butylate in dioxane-i- 
butyl alcohol. Phosgene (13.8 g., 0.139 mole) was bubbled 
into the warm (60°) suspension of potassium ¿-butylate 
(0.255 mole) in hexane (200 ml.) in a stream of nitrogen. 
After the addition was completed (1 hr.), the reaction mix
ture was poured into 200 ml. of ice and water. The organic 
layer was separated, dried (MgS04), and distilled. The dis
tillate (16.7 g. (75%), b.p. 88/65 mm., m.p. 33-38) was re- 
crystallized twice from methanol-water to yield 9.8 g. (44%) 
of di-f-bu .v! carbonate, m.p. 39.5-40.5° (reported m.p.,
39.5-40.5°)“.

The reaction of t-butyl trichloroacetate with potassium i- 
butoxide in the presence of isobutylene. The reaction of ¿-butyl 
trichloro acetate16 (205 g., 0.94 mole), potassium ¿-butylate 
(1.25 mole), and isobutylene (300 ml. at —80°, ca. 4 moles) 13 14 15 16

(13) J. P. Wibaut, J. Overhoff, E. W. Jonker, and K. 
Gratama, Ree. trav. chim.. 60, 742 (1941).

(14) A. Claus, Ber., 10, 561 (1877).
(15) H. v. Pechmann, Ber. 31, 502 (1898).
(16) W E. Scovili, R. E. Burk, and H. P. Lankelma, J. 

Am. Chem. Soc., 66, 1039 (1944).
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in pentane (300 ml.) solvent was carried out according to 
the procedure described for the dichloro ester. The final 
organic solution was distilled. The material boiling at 62- 
67°/115 mm. (92 g., n1 2 3 4D5 1.4372) was redistilled to give 72 g. 
(b.p. 67°/115 mm., rc2u5 1.4468, 55.5% yield) of pure 1,1-di-

chloro-2,2-dimethylcyclopropane (II). The yield of di-f- 
butyl carbonate (148 g., b.p. 89°/65-70 mm., m.p. 38-40°) 
was 91%.

M i n n e a p o l i s , M i n n .

[C o n t r i b u t i o n  f r o m  t h e  N o y e s  C h e m i c a l  L a b o r a t o r y , U n i v e r s i t y  o f  I l l i n o i s ]

S y n th esis  o f  M ed iu m - and L arge-R ing K eton es via th e  D ieek m an n
C on d en sation

NELSON J. LEONARD a n d  C. W. SCHIMELPFENIG, J r .

Received May 19, 1958

The Dieekmann cyclization of a series of a,w-diesters, diethyl suberate through diethyl thapsate, has been carried out with 
potassium f-butoxide in xylene under high dilution conditions with high speed stirring in a nitrogen atmosphere, and some 
medium- and large-ring monoketones and large-ring diketones, with carbonyl groups diametric, have been obtained. The 
relative yields have been compared with those of the corresponding carbocyclic ketones and diketones obtained by other 
methods.

The concept has been generally held that the 
Dieekmann cyclization of diesters is applicable only 
to the formation of the classical rings of five, six, 
and seven members, as originally employed.1 With 
the conviction that suitable conditions could ex
tend the usefulness of this reaction and in the in
terest of providing an additional route to larger 
cyclic ketones, we have examined the relative pro
portions of monoketones and diketor.es obtainable 
following the cyclization of a series of a,<o-diesters 
with potassium f-butoxide in xylene under high 
dilution conditions in a nitrogen atmosphere.

These cyclization conditions were employed 
originally for the synthesis of an eight-membered 
ring aminoketone by Sentz2 in this laboratory, 
who also suggested their application to the for
mation of cycloakanones of greater ring size than 
seven members. Potassium f-butoxide has been 
used successfully for the cyclization of various 
aminodiesters to eight-3-7 and ten-membered6 ring 
aminoketones and sixteen-6 and twenty-membered6 
ring diaminodiketones. Sodium hydride, which 
Blicke and his co-workers8 employed for the syn
thesis of cyclooetanone via a Dieekmann condensa
tion, has also been used for the preparation of eight-

(1) (a) W. Dieekmann, Ber., 27, 102 (1894); (b) W. Dieck- 
mann, Ann., 317, 27 (1901).

(2) R. C. Sentz, Ph.D. thesis, University of Illinois, 1952.
(3) N. J. Leonard and R. C. Sentz, J. Am. Chem. Soc., 

74, 1704(1952).
(4) N. J. Leonard, S. Swann, Jr., and E. IL Mottus, J. 

Am. Chem. Soc., 74, 6251 (1952).
(5) N. J. Leonard, S. Swann, Jr., and Glenn Fuller, J. 

Am. Chem. Soc., 76, 3193(1954).
(6) N. J. Leonard, M. Oki, and S. Chiavarelli, J. Am. 

Chem. Soc., 77, 6234(1955\
(7) N. J. Leonard, D. F. Morrow, and M. T. Rogers, 

J. Am. Chem. Soc., 79, 5476 (1957).
(8) F. F. Blicke, J. Azuara, N. J. Doorenbos, and E. B.

Hotelling, J. Am. Chem. Soc., 75, 5418 (1953).

mombered6'5'10 ring aminoketones and sixteen- 
membered9 ring diaminodiketones.

In the present investigation we have carried out 
the Dieekmann cyclization of the esters (I), diethyl 
suberate through diethyl thapsate, under identical 
conditions, employing potassium f-butoxide in xy
lene, under high dilution conditions with high speed 
stirring in a nitrogen atmosphere. A uniform iso
lation procedure was used and the monoketones 
(II) and diketones (III) were collected and identi
fied, while no attempt was made to characterize 
any triketones or polymeric products. The yields 
of mono- and diketones are given in Table I. I t 
will be observed that the conditions employed are 
useful for obtaining the cyclic 14- and 15- 
membered monoketones and the 18-, 20-, 22-, and

TABLE I
Y i e l d s  o f K e t o n e s  P r o d u c e d B Y  T H E  D lE C K M A N N

C y c l i z a t i o n

Actual Yield, %
Diester (I) Monoketone (II) Diketone (III)
COOEt

/
CO

(CH2)*-.
\

COOEt

(C H ^ -.C O (C H ih -i (CHi)n_,

CO

n = 7 47 0
8 15 11
9 0 28

10 0 12
11 0.53 23
12 0.47 16
13 24 19
14 32 2.2
15 48 0.94

(9) N. J. Leonard and M. Oki, J. Am. Chem. Soc., 77, 
6241 (1955).

(10) N. J. Leonard and M. Oki, J. Am. Chem. Soc., 77, 
6245(1955).
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TABLE II
H i g h e s t  Y i e l d  M e t h o d s  f o r  t h e  S y n t h e s i s  o f  K e t o n e s

Compound II Method Yield,“ %

Cycloheptanone Ziegler’s cyclization of dinitrile 9611
Cycloöctanone Ziegler’s cyclization of dinitrile 8911
Cyclononanone Diazomethane on cycloöctanone or 6112

Acyloin condensation; reduction 2713
Cyclodecanone Acyloin condensation; reduction ca. 50,14 15 5413
Cyclohendecanone Acyloin condensation; reduction 5313
Cyclododecanone Acyloin condensation; reduction 6813
Cyclotridecanone Acyloin condensation; reduction 5913
Cyclotetradecanone Acyloin condensation; reduction 7513
Cyclopentadecanone

III
1,8-Cyclotetradecanedione

Ziegler’s cyclization of dinitrile 6011

Blomquist’s diketene reaction 1016
1,9-Cyclohexadecanedione Blomquist’s diketene reaction ca. 3316
1,10-Cycloöctadecanedione Dieckmann reaction or 28“

Ziegler’s cyclization of dinitrile 2811
1,11-Cycloeicosanedione Blomquist’s diketene reaction or 

Ziegler’s cyclization of dinitrile
2618
25“

1,12-Cyclodocosanedione Ziegler’s cyclization of dinitrile 60“
1,13-Cyclotetracosanedione Dieckmann reaction 16“
1,14-Cyclohexacosanedione Dieckmann reaction 19“
1,15-Cyclooctaeosanedione Dieckmann reaction 2 .2“
1,16-Cyclotriacontanedione Ziegler’s cyclization of dinitrile 1819

0 From precursor specified or obviously assumed from the steps mentioned.

24-membered diketones. Diethyl azelate and di
ethyl tetradecanedioate provided approximately 
equimolar quantities of the corresponding mono- 
and diketones. In the range of lowest (or negligible) 
monoketone yield (II—9, 10, 11, 12), where the 
steric repulsion of the alkylene chains suppresses 
the closure of the medium-size rings, intermolecular 
condensation followed by intramolecular cycliza- 
tion of the longer chains resulted in diketone for
mation (III—9, 10, 11, 12). In selected cases where 
the yield of monoketone was appreciable, it was 
improved in ratio to diketone by operating under 
higher dilution conditions, that is, by extending 
the addition time for the diester from 24 hr., which 
was taken as the standard, to a longer period.

While the Dieckmann reaction, even as here 
modified, has uneven utility in synthesizing carbo- 
cyclic ketones from straight-chain diesters, its 
addition to the storehouse of synthetic tools for 
preparing many-membered rings is significant. 
The steps from ester to carbalkoxyketone involve 
the use of a strong base, a base which acts prac
tically irreversibly for best results, but since the 
hydrolysis and decarboxylation steps may not re
quire strong acid treatment, the latter feature may 
direct the use of the Dieckmann condensation for 
the closure of a ring containing a labile group. 
The intermediate carbalkoxyketone may also pro
vide the means of bringing about the attachment 
of other substituents on the large ring.

Finally, a comparison of yields of carbocyclic 
ketones obtained by various methods leads to the 
conclusion that there is no one reaction which is 
perfect for the synthesis of the entire spectrum of

cyclic ketones. The methods which give the highest 
yield of ketone in each case, irrespective of ease or 
expense of synthesis and ease of purification of prod
uct, are summarized in Table II. It will, of course, 
be recognized that not all of the possible methods 
may have been applied to the synthesis of each 
compound; nevertheless, this table is intended as a 
useful guide and as an indication of our present 
state of experience based on published, detailed 
methods.

Blomquist, Prager, and Wolinsky16 17 have pro
vided a method for the reduction of diametric dike
tones to monoketones, so that compounds of type 
III may be considered to be precursors of large- 
ring carbocyclics of type II.

(11) K. Ziegler and R. Aurnhammer, Ann., 513, 43 (1934).
(12) E. P. Kohler, M. Tischler, H. Potter, and H. T. 

Thompson, J. Am. Chem. Soc., 61, 1057 (1939).
(13) F. H. Owens, Ph.D. thesis, University of Illinois, 

1958, based on the following: V. L. Hansley, J. Am. Chem. 
Soc., 57, 2303 (1935); V. L. Hansley, U.S. Patent 2,228,268 
[Chem. Abstr., 35, 2534 (1941)]; V. Prelog, L. Frenkiel, M. 
Kobelt, and P. Barman, Helv. Chim. Acta, 30, 1741 (1947); 
M. Stoll and J. Hulstkamp, Helv. Chim. Acta, 30, 1815
(1947); M. Stoll and A. Rouvé, Helv. Chim. Acta, 30, 1822 
(1947).

(14) Org. Syntheses, 36, 79,14 (1956).
(15) A. T. Blomquist and R. D. Spencer, J. Am. Chem. 

Soc., 70, 30 (1948).
(16) A. T. Blomquist, J. Prager, and J. Wolinsky, J. Am. 

Chem. Soc., 77,1804(1955).
(17) Present work.
(18) A. T. Blomquist and R. D. Spencer, U.S. Patent 

2,584,664 (Feb. 5, 1952).
(19) K. Ziegler, H. Eberle, and H. Ohlinger, Ann., 504, 

94(1933).
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E X PE R IM E N T A L 20

General procedure for the Dieckmann cyclizations. The 
Dieckmann cyclizations were all run using the special ap
paratus previously described.3-6’3 A 2-1. Morton flask was 
equipped with a Morton high speed stirrer5-1 and a cyclic high 
dilution apparatus3’22»23 which carried a dropping funnel and 
a reflux condenser with stopcock attached.3 Nitrogen was 
admitted through the lower end of the stirrer shaft and 
passed out through a drying tube which protected the top 
of the reflux condenser. A third joint of the flask was used 
for the admission of reactants to the flask. The dry appara
tus was flushed with nitrogen, and 1.2 1. of dry xylene was 
added to the flask. Two hundred milliliters of xylene were dis
tilled from the flask at the stopcock on the reflux condenser. 
This insured removal of any moisture which might have 
resisted preliminary drying. Refluxing was discontinued 
and nitrogen passage was accelerated. Twelve molar equiva
lents of distilled i-butyl alcohol and 4.8 atomic equivalents 
of potassium were added to the flask. After the potassium 
f-butoxide had been formed, the excess f-butyl alcohol and 
about 100 ml. of xylene were distilled from the flask. One 
molar equivalent of diethyl ester (I) dissolved in 250 ml. of 
xylene was then introduced dropwise over a period of ap
proximately 24 hr. During this period a nitrogen atmosphere 
was retained, stirring and refluxing were continued, and an 
ethanol-xylene mixture was removed by distillation at 
approximately the same rate as liquid was being added. 
After all of the ester had been added stirring and refluxing 
were continued for an hour; then the reaction mixture was 
allowed to cool to room temperature.

The reaction mixture was made acidic by adding glacial 
acetic acid in excess. The reaction mixture was -washed three 
times with 50 ml. of water. The xylene solution was filtered 
to  remove insoluble polymeric ketones, and the filtrate was 
concentrated to a small volume by distillation at reduced

(20) Melting points are corrected. Infrared spectra W'ere 
recorded by Mr. James Brader and his associates in this 
laboratory.

(21) A. A. Morton, B. Darling, and J. Davidson, Ind. Eng. 
Chem., Anal. Ed., 14, 734(1942).

(22) A. C. Cope and E. C. Herrick, J. Am. Chem. Soc., 
72,983(1950).

(23) A. C. Cope, S. W. Fenton, and C. F. Spencer, J.
Am. Chem. Soc., 74, 5884(1952).

pressure. To the residue was added a dilute solution of hydro
chloric acid (ca. 31V); hydrolysis and decarboxylation were 
effected by refluxing overnight. In several cases ethanol was 
added to the decarboxylation medium to promote solubility 
of the ketoesters. In these cases the unreacted starting mate
rial was recovered as diester instead of as acid. The reac
tion mixture was extracted -with ether, and the combined 
ether extracts were extracted with a 10% aqueous solution 
of sodium bicarbonate. The bicarbonate extracts, when 
acidified, yielded unreacted starting material as dicarboxylic 
acid.

The ethereal solution was distilled and the ketones and 
ester were collected. The ketones were characterized by the 
close similarity of their physical properties with those pre
viously reported: boiling point or melting point, no, and 
melting point of a suitable derivative. The infrared carbonyl 
maxima (5% solutions in carbon tetrachloride) for the di
ketones are given for the first time. The yields appear in 
Table I.

Cy cloheptanone.24
Cyclooctanone,24 and 1,9-cyclohexadecanedione, m.p. 83- 

850,'25 ¡ w  1713 cm.-1
1.10- Cyclooctadecanedione, m.p. 95-97°,26 ymai 1716 

cm.-1
1.11- Cycloeicosanedione, m.p. 49-51°,25 1715 cm.-1
Cyclohendecanone; semicarbazone, m.p. 202-204°,26 and

1,12-cyclodocosanedione, m.p. 54-55.5°,25 ymWc 1715 cm.-1
Cyclododecanone, m.p. 58-61°,25 and 1,13-cyclotetraco- 

sanedione, m.p. 62-63.5°,26 Pm»* 1716 cm.-1
Cyclotridecanone, m.p. 26-29°;25 semicarbazone, m.p. 

205-206° (dec.),26 and 1,14-cyclohexacosanedione, m.p. 65- 
68°,25 i-max 1715 cm.-1

Cyclotetradecanone, m.p. 55.5-56°,25 and 1,15-cyclo- 
octacosanedione, m.p. 72-73.5°,25 1716 cm.-I

Cyclopentadecanone, m.p. 64-66°,26 and 1,16-cyclotri- 
acontanedione, m.p. 76-78°,16 1716 cm.-1

U r b a n a , I I I .

(24) Compared with commercially available material.
(25) L. Ruzicka, M. Stoll, H. W. Huyser, and H. A. 

Boekenoogen, Helv. Chim. Acta, 13, 1152 (1930). Reported 
melting points are close or identical.

(26) L. Ruzicka, M. Stoll, and H. Schinz, Helv. Chim. 
Acta, 9, 249 (1926). Reported melting points are close or 
identical.

[ C o n t r i b u t i o n  p 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 , S t a n f o r d  R e s e a r c h  I n s t i t u t e , a n d  t h e  E t h y l  C o r p . ]

U n cata lyzed  A d d ition  o f  B ro m o tr ich lorom eth an e  to  E th y len e  and S u b stitu ted  
E th y len es. I. N atu re and Scope o f  th e  R ea ctio n 1

W. A. SKINNER,2 3 4 5 6 7 ERNEST BISHOP, DALE TIESZEN, a n d  J. D. JOHNSTON
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The uncatalyzed addition of bromotrichloromethane to ethylene and various substituted ethylenes has been found to give 
good yields of the 1:1 adducts. The adducts are the same as those obtained from the peroxide-, light-, or gamma radiation- 
induced additions. The reaction is believed to be a thermally initiated free radical chain reaction.

Numerous workers3-15 have studied the catalytic 
addition of bromotrichloromethane to ethylene and

(1) The work reported herein was supported in part by the 
E thyl Corp., Baton Rouge, La., and by Stanford Research 
Institute, Menlo Park, Calif.

(2) Stanford Research Institute, Menlo Park, Calif.
(3) R. L. Huang, ./. Chem. Soc., 1749 (1956).
(4) M. S Kharasch, U. S. Patent 2,464,869 (March 22, 

1949).

substituted ethylenes. These reactions have been 
initiated by the use of peroxides, gamma radiation,

(5) M. S. Kharasch, U. S. Patent 2,525,912 (Oct. 17, 
1950).

(6) M. S. Kharasch, U. S. Patent 2,485,099 (Oct. 18, 
1949).

(7) M. S. Kharasch, O. Reinmuth, and W. H. Urry, 
J. Am. Chem. Soc., 69, 1105 (1947).
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or actinic light. We have now found that none of 
the previously used initiators is necessary. This 
paper reports some results of this uncatalyzed ad
dition.

Bromotrichloromethane was found to add to 
ethylene at 120° in the absence of any catalyst or 
light to yield l,l,l-trichloro-3-bromopropane.

This uncatalyzed addition of bromotrichloro
methane to ethylene was extended to substituted 
ethylenes. Octene-1 and bromotrichloromethane 
were found to react in the dark and in the absence of 
air or peroxides to yield the 1:1 adduct (3-bromo-
1,1,1-trichlorononane).

The free radical nature of the reaction was 
shown by its inhibition by Ionol (2,6 di-f-butyl-4- 
methylphenol), air, and nitromethane. Freshly dis
tilled bromotrichloromethane and octene-1 were 
used to avoid traces of peroxides. Attempts to 
form peroxides by bubbling air through the bromo
trichloromethane prior to its use resulted in a slight 
decrease in product yield rather than an increase. 
Indications are that the initiation of the addition 
reaction is the easy thermal dissociation of bromo
trichloromethane into bromine atoms and tri- 
chloromethyl radicals.

The uncatalyzed addition of bromotrichloro
methane to vinyl acetate yielded l-bromo-3,3,3- 
trichloropropylacetate; to styrene, l-bromo-3,3,3- 
trichloropropyl benzene; to 3,9-divinylspirobimeta- 
dioxane (3,9-divinyl-2,4,8,10-tetroxaspiro[5.5]un- 
decane), the adduct formed by the addition of two 
moles of bromotrichloromethane to one of the di
vinyl compound; to butene-1, 3-bromo-l,l,l-tri- 
chlorobutane, to butene-2, 2-bromo-3-methyl-4,4,4- 
trichlorobutane; to allyl chloride, 2-bromo-l,4,-
4,4-tetrachlorobutane; and to butadiene, 1-bromo- 
5,5,54,richioropentenc-2 and 3-bromo-5,5,5-trichlo- 
ropentene-1.

In the butadiene addition, the major product 
was identified as the 1,4-adduct by infrared and 
halide analyses. A low yield of this butadiene ad
duct was obtained when butadiene was passed 
through refluxing bromotrichloromethane for 24 
hr.

In all cases, the yields were not as high as those 
previously reported by Kharasch7 when acetyl 
peroxide was used as initiator. With styrene, a 78%

(8) W. J. Bengough and R. A. M. Thomson, Chem. & 
Ind. (London), 426 (1957).

(9) El-Ahmadi I. Heiba and Leigh C. Anderson, J. Am. 
Chem. Soc., 79,4940 (1957).

(10) E. M. Hodnett and A. Merrill Sehritzer, Proc. 
Oklahoma Acad. Sci., 32, 94 (1951).

(11) P. S. Shell and R. C. Woodworth, J. Am. Chem. 
Soc., 77,4638 (1955).

(12) M. S. Kharasch and M. Sage, J . Org. Chem., 14, 
79 (1949).

(13) H. W. Melville, J. C. Robb, R. C. Tutton, Discus
sions Faraday Soc., 1 9 ,150 (1953).

(14) A. M. Lovelace and D. A. Rausch, W.A.D.C. Tech. 
Report No. 55461, April (1956).

(15) M. S. Kharasch, U. S. Patent 2,468,208 (April 26, 
1949).

yield of the 1:1 adduct was obtained in 4 hr. at 70° 
using 2.3 wt. % of diacetyl peroxide as initiator. 
The same proportions of reagents in an uncatalyzed 
reaction gave a 40% yield in 5.5 hr. a t 100°. With 
octene-1, a 71% yield of the 1:1 adduct was ob
tained in 4 hr. at 70° using 1.4 wt. % of diacetyl 
peroxide as initiator. Using comparable amounts 
of starting materials, a 50 % yield was obtained at 
100° in 3 hr. without catalyst. With vinyl acetate, 
Kharasch7 reports an 89% yield of the adduct in 3 
hr. at 60° with 1.5 g. of acetyl peroxide. The un
catalyzed addition to vinyl acetate gave a 63% 
yield in 5.5 hr. at 100°.

The uncatalyzed addition of bromotrichloro
methane to diethylmaleate, maleic anhydride, 
allylidene diacetate, isopropenyl acetate, 1-meth- 
oxy-1,3-butadiene, methyl methacrylate, divinyl- 
carbitol, and ethyl crotonate failed to yield any ap
preciable amounts of the 1:1 adducts at 100°.

Polymers were obtained when the uncatalyzed 
addition of bromotrichloromethane to methyl iso
propenyl ketone, bischloroethylvinylphosphonate, 
vinyl crotonate, diallyl cyanamide, diethylamino- 
ethylacrylate, or diallylphthalate was attempted.

EX PE R IM E N T A L

Uncatalyzed addition of bromotrichloromethane to ethylene. 
Bromotrichloromethane (780 g., 3.9 moles, freshly distilled) 
was added to a 1.4-liter stainless steel rocking bomb, purged 
with ethylene to remove air, pressurized with ethylene to 
700 p.s.i.g., and heated at 120° for 4 hr. The products were 
removed from the bomb and distilled. The 1:1 adduct, 1,1,1- 
trichloro-3-bromopropane (174 g., b.p. 82° at 34 mm.), was 
isolated by distillation (weight of silver halide from 0.3358 
g. sample: calcd., 0.9060; found, 0.9056). In addition to the 
1:1 adduct, 11.2 g. of l,l,l-trichloro-5-bromopentane was 
formed (b.p. 110° a t 2 mm., weight of silver halide from 
0.2476 g. sample: calcd. 0.4830; found, 0.4881).

When bromotrichloromethane (200 ml.) was dissolved 
in heptane (200 ml.), pressured to 1200 p.s.i.g. with ethyl
ene, and heated at 120° for 4 hr., 129 g. of l,l,l-triehloro-3- 
bromopropane and 24 g. of l,l,l-trichloro-5-bromopentane 
were produced.

Uncatalyzed addition of bromotrichloromethane to vinyl 
acetate. Bromotrichloromethane (198 g., 1.0 mole, freshly 
distilled) was refluxed under nitrogen and vinyl acetate (25 
ml., 0.25 mole) was added over a 4.5-hr. period and heated 
1 hr. longer under reflux. l-Bromo-3,3,3-trichloropropyl- 
acetate (45 g., 63% yield, m2d4 1.4920, b.p. 65° at 0.5 mm., 
weight of silver halide for 0.2348 g. sample: calcd., 0.5060; 
found, 0.5033) was produced. When 2,4-dinitrophenyl- 
hydrazine in alcohol was added to the adduct and the solu
tion acidified with sulfuric acid, the orange-red hydrazone 
of 3,3-dichloroacrolein precipitated (m.p. 162-164°). Khar
asch7 reported m.p. 164-165° for this hydrazone formed 
from the peroxide-catalyzed reaction.

Uncatalyzed addition of bromotrichloromethane to styrene. 
Bromotrichloromethane (136 g., 0.69 mole, freshly distilled) 
was refluxed under nitrogen, and styrene (20.7 g., 0.19 mole, 
freshly distilled) was added over a 2.5-hr. period and heated 
0.5 hr. longer. The major product was l-bromo-2,2,2-tri- 
chloropropyl-benzene (4.8 g., b.p. 98°, m.p. 53-55°, weight 
of silver halide for 0.1519 g. sample: calcd. 0.3096; found, 
0.2854). Kharasch8 9 10 11 12 13 14 15 reports a melting point of 54r-55°. 
When styrene (13 g., 0.12 mole) and bromotrichloromethane 
(100 g., 0.50 mole) were heated under nitrogen on a steam 
bath for 5.5 hr., 14.5 g., 40% yield, of the 1:1 adduct was
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formed. Kharasch18 reported a yield of 18.6 g. of crude addi
tion product under identical conditions when magnesium 
and iodine was used as a "catalyst” .

Study of the effect of lonol, nitromethane, air, and light on 
the uncatalyzed addition of bromotrichloromethane to octene-1. 
Bromotrichloromethane (98 g,, 0.44 mole, freshly distilled) 
and octene-1 (24 g., 0.22 mole, Phillips, 99 mole %, freshly 
distilled) were refluxed under nitrogen for 3 hr. The major 
product was 3-bromo-l,l,l-trichIorononane (31.5 g., 50% 
yield, b.p. 85° a t 0.6 mm.).

When the above reaction was repeated with 10 g. of lonol 
(2,6-di-/-butyl-4-methylphenol) added, only 11.0 g. of 3- 
bromo-l,l,l-trichlorononane was produced.

When the reaction was repeated without lonol but with 
air bubbling through the solution for the 3-hr. period, only
18.5 g. of 3-bromo-l,l,l-trichlorononane was produced.

Blowing air through the bromotrichloromethane for 4 hr. 
prior to use resulted in a lower yield of adduct.

No change in the yield of 3-bromo-l,l,l-trichlorononane 
was obtained when the bromotrichloromethane used was 
refluxed under nitrogen for 17 hr. to destroy any peroxides 
present prior to reacting with octene-1. Kharasch16 claimed 
that peroxides build up in bromotrichloromethane.

When the uncatalyzed reaction between bromotrichloro
methane and octene-1 was carried out in the dark, no change 
in the product yield from that obtained under normal lab
oratory lighting conditions was noticed.

The use of nitromethane (125 ml.) as a solvent for the 
uncatalyzed addition of bromotrichloromethane (146 g., 
0.74 mole) to octene-1 (32 g., 0.28 mole) resulted in only
16.8 g. of 3-bromo-l,l,l-triehlorononane after 5 hr. of re
fluxing.

When bromotrichloromethane (146 g., 0.74 mole), n-hep- 
tane (125 ml., Phillips 95 mole %, freshly distilled), and 
octene-1 (28 g., 0.25 mole) was refluxed under nitrogen for
5 hr., 73 g., 94% yield, of 3-bromo-l,l,l-trichlorononane 
was produced.

Uncatalyzed addition of bromotrichloromethane to 3,9- 
divinylspirobimetadioxane. 3,9-Divinylspirobimetadioxane 
(15 g., 0.07 mole, m.p. 42°, Union Carbide Chemicals Co.) 
was slowly added to refluxing bromotrichloromethane (97.5 
g., 0.49 mole) under nitrogen. The solution was refluxed for
6 hr., and upon cooling a crystalline solid crystallized was 
obtained. The yield of solid product was 25.6 g. (0.04 mole, 
57% yield). Unlike 3,9-divinylspirobimetadioxane, the prod
uct was very insoluble in water and melted a t 184-186°. 
The product was identified as having the following formula 
by halide analysis.

O—CH2 CH2—O
/  \  /  \

C13C—CH2—CH—CH C CH—CH—CHaCCl,
I \  / \  /  I
Br O—CH2 CH2—O Br

Weight of silver halide for 0.2500 g. sample: calcd., 0.5140; 
found, 0.4926.

Uncatalyzed addition of bromotrichloromethane to butene-1 
and butene-2. Bromotrichloromethane (390 g., 1.97 moles, 
freshly distilled) and butene-1 (21 g., 0.38 mole, freshly dis
tilled, Phillips 95 mole %) were added to a 1.4-liter rocking 
bomb and heated at 100° for 4 hr. in the absence of air. 
The product was 3-bromo-l,l,l-trichloropentane (41.2 g., 
0.163 mole, 43% yield, b.p. 66-68° a t 3 mm., weight of silver 
halide for 0.1765 g. sample: calcd., 0.427; found, 0.422).

Bromotrichloromethane (390 g., 1.97 moles, freshly dis
tilled) and butene-2 (36 g., 0.64 mole, freshly distilled, 
Phillips 95 mole %) were heated in a 1.4-liter rocking bomb 
in the absence of air for 4 hr. a t 100°. The product formed 
was 2-bromo-4,4,4-trichloro-3-methylbutane (18.5 g., 0.079 
mole, 13% yield, b.p. 95° at 10 mm., weight of silver halide 
for 0.1546 g. sample: calcd., 0.3711; found, 0.3760).

Uncatalyzed addition of bromotrichloromethane to allyl 
chloride. When allyl chloride (23 g., 0.302 mole) was added 
slowly over a period of an hour to refluxing bromotrichloro
methane (97.5 g., 0.49 mole) and the solution refluxed for 
20 hr., only 6.3 g. of a product, b.p. 60° a t 0.5 mm., was 
obtained.

When allyl chloride (46.8 g., 0.61 mole, freshly distilled) 
was heated with bromotrichloromethane (390 g., 1.97 
moles) at 110° for 4 hr. and in a stainless steel rocking bomb, 
2-bromo-l,4,4,4-tetrachlorobutane (63 g., 0.23 mole, 38% 
yield, b.p. 86-89° at 2.8 mm., weight of silver halide for 
0.2144 g. sample: calcd., 0.5910; found, 0.5903) was formed.

Uncatalyzed addition of bromotrichloromethane to butadiene. 
Butadiene (130 g., 2.4 moles, Phillips 99 mole %) was dis
tilled into an evacuated 1.4-liter stainless steel bomb con
taining bromotrichloromethane (390 g., 1.97 moles, freshly 
distilled). The bomb was heated and rocked a t 100° for 4 
hr. The major product was l-bromo-5,5,5-trichloropentene- 
2 (62 g., 0.25 mole, 10% yield, b.p. 69° a t 1.6 mm., n2D° 
1.5328, weight of silver halide for 0.2113 g. sample: calcd., 
0.5170; found, 0.5120 for 1:1 adduct). A small amount of 
higher boiling material was also produced. Two possible 
1:1 adducts exist: l-bromo-5,5,5-trichloropentene-2 and
4-bromo-3-trichloromethylbutene-l. The infrared spectra 
of the product shows the presence of trans internal double 
bonds, but no terminal double bonds are present. The prod
uct is l-bromo-5,5,5-trichloropentene-2 formed by 1,4- 
addition of bromotrichloromethane to butadiene.

When butadiene was bubbled through refluxing bromo
trichloromethane (458 g., 2.3 moles) for 24 hr., 3-bromo-
5,5,5-trichloropentene-l (6.2 g., n2D° =  0.5350) was formed.
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l-Chloro-l,2-diphenylethane underwent the substitution type of reaction with sodium diphenylmethide and sodio- or 
potassiophenylacetonitrile in liquid ammonia to form the corresponding alkylation products in high yields. However, this 
halide exhibited ^-elimination with disodiophenylacetic acid and sodium ethoxide under similar conditions.

l-Chloro-l,2-diphenylethane (I) has recently2 
been prepared in good yield through the self- 
alkylation of benzyl chloride by means of lithium 
amide or sodium amide in liquid ammonia (Equa
tion 1).

2C6H 6CH2C1
LiNH, (liq. NHi) 
------------------- >■

inverse addition
C6H 6CH 2CHC1

I

(1)

The success of this preparation is dependent on 
the use of the inverse addition procedure, since 
halide I readily undergoes dehydrohalogenation 
(^-elimination) in the presence of excess of the 
amide ion to form stilbene.2

In spite of its tendency to undergo /3-elimination,3 
halide I has now been found to enter into the sub
stitution type of reaction with certain carban
ions in liquid ammonia. Thus, sodium diphenyl
methide underwent alkylation with halide I to form 
hydrocarbon II in 93% yield (Equation 2).

NaN H ,
(C6H 5 )2CH 2 ---------->

liq. NH.
(C 6H5)2CHNa

C6H 5

(C6H 5 )2CHCHCH 2C6H 6 (2) 
II

Analogous alkylations of sodium diphenyl
methide with various halides including /3-phenyl- 
ethyl chloride have previously been described.4

Similarly sodio- or potassiophenylacetonitrile 
underwent alkylation with halide I to form nitrile 
III in 80-81% yield (Equation 3).

NaNH,
c 6h 6c h 2c n ---------->

liq. NH,

Na
!

CdLCHCN

C6H 5CHCH 2 C6H 6

I
CJLCHCN

III
(3)

(1) Supported by the Office of Ordnance Research, U.S. 
Army.

(2) C. R. Hauser, W. R. Brasen, P. S. Skell, S. W. Kantor, 
and A. E. Brodhag, J . Am. Chem. Soc., 78, 1653 (1956).

(3) I t  should be mentioned tha t halide I was kept in the 
refrigerator for several months without apparent decom
position.

(4) C. R. Hauser and P. J. Hamrick, Jr., J. Am. Chem. 
Soc., 79, 3142 (1957).

The product from this reaction consisted of only 
one of the two possible diastereoisomers of nitrile 
III. The analogous alkylation of sodio- or potassio
phenylacetonitrile with a-phenylethyl chloride6 
has been shown6 to produce the erythro isomer of 
2,3-diphenylbutyronitrile in 99% yield.

The reaction represented by Equation 3 has fur
nished a convenient starting point for a subsequent 
study7 of ihe influence of stereochemistry on the 
acid-catalyzed five- versus six-carbon ring cycliza- 
tions of the corresponding carboxylic acid.

However, disodiophenylacetic acid failed to 
undergo appreciable alkylation with halide I. In
stead, /3-elimination occurred to form stilbene 
(75%) and monosodiophenylacetic acid which was 
isolated as the free acid (73%) (Equation 4).

Na
2NaNH, | I

C6H5CH2COOH ---------->- C,H5CHCOONa — >
liq. NH,

C6H 5C H =C H C 6H 5 +  CJLCHjCOONa (4)

This result might suggest that the dianion of 
phenylacetic acid functions more like an oxygen 
base as in resonance structure IV than a carbanion, 
although this carbanion has been alkylated with 
certain other halides.8

H
c 6h 6c = g

(IV)

o -

o -

Also halide I underwent /3-elimination with 
sodium ethoxide to form stilbene (92%); none of 
the corresponding substitution product was found.

In Table I are summarized the types of reaction 
exhibited by halide I with the anions of these sodio

(5) C. R. Hauser and W. R. Brasen, J. Am. Chem. Soc.,
78, 494 (1956).

(6 ) W. R. Brasen and C. R. Hauser, / .  Am. Chem. Soc.,
79, 395 (1957).

(7) D. Lednicer and C. R. Hauser, J. Am. Chem. Soc.,
80, 3409 (1958).

(8 ) C. R. Hauser and W. J. Chambers, J. Am. Chem. Soc. 
78, 4942 (1956).
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bases or, in certain cases, potassio bases9 in liquid 
ammonia at —33°.

TABLE I
T ypes op Reaction of Halide I 

with Anions in Liq. NH 3 at —33°

Substitution /3-Elimination

(CeHsLCH NH 2

C6H5CHCN CeHoCHCOO
OCiHs

Since halide I undergoes ^-elimination with 
ethoxide ion but the substitution type of reaction 
with the more strongly basic diphenylmethide ion, 
the well known generalization10 that the former re
action is favored by an increase in basic strength 
is not applicable to these two anions. The generali
zation was based mostly on studies of a series of 
oxygen bases such as the acetate, phenoxide, and 
hydroxide ions10; it might possibly be applicable 
also to a series of carbanions when considered alone.

E X PE R IM E N T A L 11

Alkylation of sodium diphenylmethide with halide I  to form 
hydrocarbon II. To a stirred suspension of 0.05 mole of so
dium amide in 2 0 0  ml. of liquid ammonia12 there was added a 
solution of 8.80 g. (0.05 mole) of diphenylmethane in 200 
ml. of anhydrous ether, followed after 5 min. by a solution 
of 10.8 g. (0.05 mole) of l-chIoro-l,2-diphenylethane ( I ) 2 

in 50 ml. of anhydrous ether. The red color of the diphenyl
methide ion was discharged within a few minutes to produce 
a yellow mixture. After stirring for 0.5 hr., the liquid am
monia was evaporated on the steam bath as an equal volume 
of ether was added. The resulting ethereal suspension was 
shaken with water, and the two layers were separated. The 
ethereal layer was dried over Drierite, and, after filtering, 
the solvent was removed. The residue was recrystallized 
twice from methanol to give 16.2 g. (93%) of 1,1,2,3-tetra- 
phenylpropane (II), m.p. 82-83°.

(9) Although the metallic cation appears to have no sig
nificant influence on the ratio of the substitution and elimi
nation products from a halide with ethoxide ion in ethanol 
(see M. S. Newman and F. J. Evans, J . Am. Chem. Soc., 76, 
4187 (1954)), such an influence has been observed with cer
tain stronger bases. Thus, jS-phenylethyl chloride reacts with 
sodium diphenylmethide in liquid ammonia to form almost 
exclusively the substitution product, whereas this halide 
undergoes appreciable (18%) ^-elimination with potassium 
diphenylmethide, which effectively functions as the stronger 
base; see ref. 4.

(10) See C. K. Ingold, Structure and Mechanism in 
Organic Chemistry, Cornell University Press, Ithaca, N. Y., 
1953, p. 451-2; E. E. Royals, Advanced Organic Chemistry, 
Prentice-Hall, Inc., New York, N. Y., 1954, p. 299.

(11) Melting points were taken on a Fisher-Johns melt
ing point apparatus. Analyses are by Galbraith Micro- 
analytical Laboratories, Knoxville, Tenn.

(12) See C. R. Hauser, F. W. Swamer, and J. T. Adams,
Org. Reactions, V III, 1.22 (1954).

Anal. Calcd. for C27H 2 4 : C, 93.05; H, 6.94. Found: C, 
93.31; H, 6.77.

Alkylation of alkali phenylacetonitriles with halide I  to form 
nitrile I II . To a stirred suspension of 0.05 mole of sodium 
amide in 2 0 0  ml. of liquid ammonia12 there was added a solu
tion of 5.85 g. (0.05 mole) of phenylacetonitrile in 50 ml. of 
anhydrous ether, followed after 5 minutes by a solution of
10.8 g. (0.05 mole) of l-chloro-l,2-diphenylethane (I) in 50 
ml. of anhydrous ether. The mixture was stirred for several 
hours (Dry Ice-acetone condenser), and the liquid ammonia 
was then replaced by ether. The resulting suspension was 
shaken with water, and the layers were separated. The ethe
real layer was washed with water, dilute hj'drochloric acid, 
and sodium bicarbonate solution. After drying over Drierite, 
the solvent was removed, and the residue was recrystallized 
from petroleum ether (b.p. 30-60°) to give several crops of 
crystals of 2,3,4-triphenylbutyronitrile (III). The total yield 
was 11.8 g. (80%), m.p. 131-i32°; reported m.p. 129-131°.13

Anal. Calcd. for C22HI9N: C, 88.85; H, 6.44; N, 4.71. 
Found: C, 88.71; H, 6.55; N, 4.63.

Similarly a solution of 0.10 mole of potassium amide in 
2 0 0  ml. of liquid ammonia was treated with a solution of 
12.87 g. (0.11 mole) of phenylacetonitrile in 50 ml. of ether. 
The resulting green solution of potassiophenylacetonitrile 
was stirred for 15 min., and then treated during 5 min. with 
a solution of 21.65 g. (0.10 mole) of halide I  in 50 ml. of 
ether. The color was discharged within 45 min. A little am
monium chloride was added, and the suspension was taken 
to dryness on the steam bath. The residue was washed well 
with water, and recrystallized from ethanol to give 23.2 g. 
(81%, needles) of nitrile III, m.p. 131-132°.

Reaction of disodiophenylacetic acid with halide I  (0- 
Elimination). To a stirred suspension of 0.1 mole of sodium 
amide in 2 0 0  ml. of liquid ammonia12 was added a solution of
6.80 g. (0.05 mole) of phenylacetic acid in 50 ml. of dry 
ether, followed after 5 min. by a solution of 10.80 g. (0.05 
mole) of l-chloro-l,2-diphenylethane (I) in 50 ml. of ether. 
A purple color appeared immediately. After 25 min., the 
liquid ammonia was replaced by ether (steam bath), and the 
resulting ethereal suspension was extracted with two 50 ml. 
portions of water. The combined aqueous solution (after 
heating to remove dissolved ether) was cooled and acidified 
to precipitate 5.0 (73%) of phenylacetic acid, m.p. and 
mixed m.p. 75-76°. The ethereal solution was dried over 
Drierite, and the solvent was removed. The yellow residue 
(9.0 g.) melted at 119-125°. Recrystallization from metha
nol-chloroform solution (ratio 4:1) gave 6.7 g. (75%) of stil- 
bene, m.p. and mixed m.p. 126-127°.

Reaction of sodium, ethoxide with halide I  ((¡-elimination). 
To a solution of 1 . 6  g. (0.07 mole) of sodium metal in 300 ml. 
of liquid ammonia there was added 3.5 g. (0.0701 mole) of 
absolute ethanol (blue color discharged). The resulting 
solution of sodium ethoxide (0.07 mole) was stirred, and a 
solution of 15 g. (0.069 mole) of l-chloro-l,2-diphenylethane
(I) in 50 ml. of ether was added. After 5 hr. (Dry Ice-acetone 
condenser), solid ammonium chloride ( 1 0  g.) was added, 
and the liquid ammonia was replaced by ether ( 2 0 0  ml.). 
Water was added, and the two layers separated. The ethe
real layer was evaporated (steam bath) to leave a solid 
residue which was taken up in 25 ml. of hot benzene. Petro
leum ether (b.p. 30-60°) was added to precipitate 10.2 g. 
(82%) of stilbene, m.p. and mixed m.p. 124-125°. More (1.3 
g.) of stilbene was isolated from the mother liquor; total 
yield 92%. No other product was found.

D urham, N. C.

(13) Y. De Schuttenbach, Ann. chini. (11), 6 , 90 (1936).
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Chemistry of Spiropentane. I. An Improved Synthesis of Spiropentane
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I t  has been found tha t nearly pure spiropentane can be obtained from the reaction of pentaerythrityl tetrabromide with 
zinc by inclusion of ethylenediaminetetraacetate in the reaction mixture. I t  is concluded tha t the rearranged product, 
methylenecyclobutane, which normally predominates in the product, is probably formed by a carbonium ion rearrange
ment of an intermediate dibromide.

The extensive literature1 on the synthesis of 
spiropentane (I) by the reaction of pentaerythrityl

I II

tetrabromide with zinc has failed to reveal a 
satisfactory method for the prevention of extensive 
simultaneous formation of methylenecyclobutane 
(II). There is suggestive evidence that II is formed 
by way of an electrophilically induced rearrange
ment of the intermediate l,l-bis(bromomethyl)- 
cyclopropane (III), perhaps as shown in Chart I.

CHART I

CHjBr
Z nt

III
CH2Br

In support of this hypothesis are the absence of 
spiropentane in the product when zinc bromide is 
present initially,2 the improvement in spiropentane 
yield when sodium in dioxane is used in place of 
zinc in ethanol,3 and the known tendency of III 
to undergo zinc bromide catalyzed rearrangement 
to 1-bromo-l-bromomethylcyclobutane.4 An alter
native mechanism which has been suggested by 
Schubert and Leahy5 for the formation of II is a

(1) (a) Gustavson, J. Prakt. Chem., 54, 97 (1896); (b) 
N. D. Zelinskii and V. P. Kraevich, J . Russ. Phys. Chem. 
Soc., 44, 1870, 1873 (1912); Chem. Abstr., 7, 1175 (1913); 
(c) F. Rogowski, Ber., 72B, 2021 (1939); (d) M. J. Murray 
and E. H. Stevenson, J. Am. Chem. Soc., 66, 314, 812
(1944); (e) V. A. Slabey, J. Am. Chem. Soc., 68, 1335 
(1946); (f) V. A. Slabey, Natl. Advisory Comm. Aeronautics 
Tech. Note No. 1023 (1946); Chem. Abstr., 40, 3729 (1946);
(g) Y. M. Slobodin and I. N. Shokhor, Zhur. Obshchei Khim., 
21, 2005 (1951); Chem. Abstr., 46, 6598 (1952); (h) Y. M. 
Slobodin and I. N. Shokhor, Zlmr. Obshchei Khim., 23, 42 
(1953); Chem. Abstr., 48, 543 (1954).

(2) J. D. Roberts and C. W. Sauer, J. Am. Chem. Soc., 71, 
3925 (1949).

(3) H. O. House, R. C. Lord, and H. S. Rao, J. Org. 
Chem., 21, 1487 (1956).

(4) D. E. Applequist and J. D. Roberts, J. Am. Chem.
Soc., 78, 874 (1956).

“base-induced” rearrangement of III with zinc 
metal acting as the base. Strong confirmation of 
the former hypothesis and a much improved 
synthesis of spiropentane have now been obtained 
by the discovery that the formation of methylene
cyclobutane as a product of the reaction of penta
erythrityl tetrabromide with zinc in aqueous 
ethanol may under optimum conditions be reduced 
to less than one per cent of the hydrocarbon prod
uct by inclusion of tetrasodium ethylenediamine
tetraacetate in the reaction mixture to remove free 
zinc ion. Under the conditions specified in the 
Experimental section, an 81% yield of hydrocarbon, 
consisting of 94% spiropentane, 4.2% 2-methyl-l- 
butene, 0.7% 1,1-dimethylcyclopropane, and 0.6% 
methylenecyclobutane, was obtained.

The persistence of 2-methyl-l-butene as an 
important impurity in the spiropentane in spite 
of the sequestering agent suggests that this olefin 
is not entirely, if at all, a product of an anionotropic 
rearrangement of III, as had been suggested.111 
A reasonable alternative explanation for its forma
tion is a rearrangement of an intermediate organo- 
zinc compound (Chart II), analogous to the rear
rangement which would account for the allyl- 
carbinyl derivatives obtained from Grignard re
actions of cvclopropylcarbinyl chloride.6

CHART II
CHiBr BrZnCH2CH2CCH2Br

c h 2CH2ZnBr

CH3CH2CCH3
CH„

Zn

EtOH

CH3CH2CCH2Br
CH2

E X PE R IM E N T A L

Pentaerythrityl tetrabromide was prepared from phosphorus 
tribromide and pentaerythritol (Heyden Chemical, tech
nical grade) according to Murray and Stevenson’s modi
fication111 of the Organic Syntheses preparation.7 The melt
ing point was approximately 158-160° in three separate 
runs.

(5) W. M. Schubert and S. M. Leahy, J. Am. Chem. Soc., 
79, 381 (1957).

(6) (a) J D. Roberts and R. H. Mazur, J. Am. Chem. 
Soc., 73, 2509 (1951); (b) H. C. Brown and M. Borkowski, 
J. Am. Chem. Soc., 74, 1894 (1952).

(7) H. B. Schurink, Org. Syntheses, Coll. Vol. II, 476
(1943).
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Spiropentane (I). In a 5-1. three-necked creased flask 
fitted with a high-speed stirrer, a solids-aidition apparatus, 
and a water-cooled reflux condenser in series with a spiral 
condenser (arranged for distillation) and two Dry Ice 
traps, was placed 852 g. (2.57 moles) of disodium dihydrogen 
ethylene diaminetetraacetate, 297 g. (7.43 moles) of sodium 
hydroxide dissolved in 510 ml. of water, 1470 ml. of 95% 
ethanol, and 20.7 g. (0.138 mole) of sodium iodide. The mix
ture was heated to reflux, and 214.5 g. (3.28 g.-atoms) of 
zinc dust was then added. A slow stream of nitrogen was 
passed through the system to carry volatile products to the 
cold traps, and 321 g. (0.828 mole) of pentaerythrityl tetra- 
bromide was added slowly to the stirred, refluxing mixture. 
After the addition was complete, the mixture was stirred 
at reflux temperature for 1 hr. The condensate in the cold 
traps was washed with two 150-ml. portions of a cold, satu
rated solution of sodium chloride in water and then dried 
over Drierite to give 45.5 g. (81%) of crude spiropentane.

Vapor chromatography (Perkin-Elmer Model 154B; 
column B, di-2-ethylhexyl sebacate as stationary phase) of 
a sample of crude spiropentane showed five other components 
to be present besides spiropentane. Collection of three of 
these in pure form by vapor chromatography of a sample of 
crude hydrocarbon, which had been enriched in the low- 
boiling impurities by fractional distillation, and comparison 
of their infrared spectra with those of known compounds 
permitted identification of 2-methy 1-1-butene,81,1-dimethyl- 
cyclopropane,8 and ethanol. Methylenecyclobutane was 
identified by comparison of its retention time on the column 
with tha t of a known sample. The major component was 
identified as spiropentane by comparison of the infrared 
spectrum of the crude hydrocarbon with the published spec
trum.9 The crude hydrocarbon from one run was found

(8) American Petroleum Institute, Research Project 44 
a t National Bureau of Standards, Infrared Absorption Spec
trograms, Vol. I ,  No. 196.

(9) F. F. Cleveland, M. J. Murray, and W. S. Gallaway, 
J. Chem. Phys., 15, 742 (1947).

to be 94% spiropentane, 4.2% 2-methyl-l-butene, 0.7%
1,1-dimethylcyclopropane, 0.6% methylenecyclobutane, 
0.2% ethanol, and 0.3% of an unidentified low-boiling mate
rial (possibly neopentane).

Spiropentane was obtained free of unsaturated impurities 
by rough titration of a 20% (by volume) solution of the 
hydrocarbon in ethylene dibromide with bromine, followed 
by distillation through a 4.5-ft. spiral-wire column. The 
product (b.p. 36.5-37.5°) had an infrared spectrum in agree
ment with the published spectrum0 of spiropentane.

Acetylacetone was tried as a sequestering agent also and 
was found to be less satisfactory than ethylenediamine- 
tetraacetate. When the theoretical amounts of acetylacetone 
and sodium carbonate were used to chelate the zinc ion 
generated in the reaction, a 60% yield of hydrocarbon 
containing 76% spiropentane (by base-line infrared analysis) 
was obtained. Smaller amounts of acetylacetone and sodium 
carbonate gave much smaller yields of spiropentane.

Methylenecyclobutane (II) in pure form for infrared and 
vapor chromatographic analysis was prepared by the method 
of Roberts and Sauer.5 The reaction of 6 g. of zinc bromide, 
18 ml. of ethanol, 700 ml. of water, 225.6 g. of zinc, and
406.8 g. of pentaerythrityl tetrabromide gave methylene
cyclobutane in 19% yield. The product, b.p. 40.5°, was 
purified by distillation through a 4-ft. spinning-band 
column, and its infrared spectrum agreed with the published 
spectrum.5
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Chlorination of Cellulose with Thionyl Chloride in a Pyridine Medium
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Activated cotton linters were treated with thionyl chloride in anhydrous pyridine to form cellulose derivatives contain
ing up to 1.3 stable chlorine atoms per anhydroglucose unit. Unstable sulfur groupings, presumably in the form of sulfurous 
acid esters, were also introduced. Chlorocelluloses were hydrolyzed in aqueous sulfuric acid solution without loss of chlorine, 
but resistance to hydrolysis was encountered as the degree of chlorine substitution was increased. A hydrolyzate was frac
tionated chromatographically; glucose was isolated from one fraction and a monochloroglucose from another.

The chemical literature contains very little 
information concerning the halogen derivatives of 
cellulose. Past investigations revealed that halo
gens had been introduced into cellulose during the 
preparation of the tosyl and mesyl esters,1 but the

(1) K. Hess and N. Ljubitsch, Ann., 507, 62 (1933);
F. B. Cramer and C. B. Purves, J. Am. Chem. Soc., 61, 
3458 (1939); A. L. Bernoulli and H. Stauffer, Helv. Ch.im. 
Acta, 23, 627 (1940); M. L. Wolfrom, J. C. Sowden, and
E. A. Metcalfe, ,/. Am. Chem. Soc., 63, 1388 (1941); J. F. 
Mahoney and C. B. Purves, J. Am. Chem. Soc., 64, 9 (1942); 
C. J. Malm, L. J. Tanghe, and B. C. Laiid, ./. Am. Chem. 
Soc., 70, 2740 (1948); E. Heuser, M. Heath, and W. H. 
Shockley, J. Am. Chem. Soc., 72, 670 (1950); R. Roberts, 
J. Am. Chem. Soc., 79, 1175 (1957).

presence of halogens was generally considered to be 
of only secondary importance. The tosylation of 
carbohydrates in general and accompanying chlorin
ation has been extensively reviewed by Tipson.2 3 
Pacsu and Schwenker8 have recently prepared 6- 
mesyl chloro, 6-mesyl bromo, and 6-mesyl iodo- 
celluloses by partial replacement of the 6-mesyl 
group by the appropriate halogen.

(2) R. S. Tipson, Advances in Carbohydrate Chemistry, 
Académie Press, New York, Volume 8, p. 107.

(3) E. Pacsu and R. F. Schwenker, Jr., Textile Research 
J., 27, 173 (1957)
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Carré and Mauclère4 studied the reaction of 
cotton linters with thionyl chloride in a pyridine 
medium and obtained a substance with the formula 
(C6H9O4CI). The cotton was darkened during the 
course of the reaction and suffered a loss in tenacity. 
A more detailed investigation is given in this paper.

E X PER IM EN TA L

Cotton linters. A commercially purified grade6 contained 
98.5% alpha-cellulose, 0.06% ash, had a solubility of 4.1% 
in hot sodium hydroxide solution, and a degree of poly
merization of 1200. I t  was treated in a laboratory Wiley mill 
and screened; the fraction which passed through a 100-mesh 
screen and was retained on a 325-mesh screen was collected.

The linters were activated with 18% sodium hydroxide 
(25 ml. per gram of linters) for 4 hr. a t 24+26°, washed on 
a tared coarse fritted-glass crucible with absolute methanol 
until the washings were no longer alkaline to phenol- 
phthalein, and then five successive times with anhydrous 
pyridine (distilled over barium oxide). Care was taken to 
prevent drying of the cellulose on the filter. The quantity of 
activated linters available for the chlorination reaction was 
calculated from the yield of mercerized linters.

Thionyl chloride. Practical-grade thionyl chloride was 
purified by three distillations over sulfur and acetone, 
quinoline, and linseed oil.6 The purity (100%) was ascer
tained7 by allowing samples to distill quantitatively into a 
known excess of sodium hydroxide solution overnight at 
room temperature, and back-titrating with hydrochloric 
acid to phenolphthalein endpoint.

Chlorination of cellulose. Anhydrous pyridine and thionyl 
chloride (50.0 and 10.0 moles per mole of anhydroglueose 
unit, respectively) were added to the activated pyridine- 
moist linters, with cooling, if necessary. Reaction solutions 
a t room temperature were shaken mechanically; those at 
elevated temperatures were agitated in a water bath with a 
mercury-sealed stirrer.

The products were then suspended in water and aqueous 
sodium hydroxide gradually introduced to 0.15A strength. 
After standing overnight, the suspensions were neutralized 
with dilute sulfuric acid; the products were washed with 
water until the filtrates were colorless and then air-dried.

Acidic chlorite treatment. The crude chloroeelluloses were 
purified by a wood pulp chloriting technique.8 Samples 
(6-7.5 g.) wrere suspended in 300 ml. of water, acidified with 
0.75 ml. of glacial acetic acid, treated with 3.0 g. of sodium 
chlorite, heated at 70-80° for 0.5 hr., filtered, and washed 
with water until free of chloride ion. In two cases (B and C) 
the treatment was repeated twice.

Preparation of chloroeelluloses with high sulfur content. 
Terminating the chlorination reaction by adding the re
action mixture slowly to cold water, filtering after 1 hr., 
soaking overnight in half-saturated sodium bicarbonate

(4) P. Carre and P. Mauclere, Compt. rend., 192, 1567 
(1931).

(5) This material was supplied by courtesy of Dr. M. 
Heath of The Buckeye Cellulose Corp., Memphis, Tenn. 
The degree of polymerization was calculated from the vis
cosity of a 2.5% solution in cuprammonium according to 
the ACS method (conversion chart 803-2M published by 
Hercules Powder Co.).

(6) H. R. C. P ratt, British Patent 538,028 (July 17, 1941); 
Chem. Abstr., 36, 1744; D. L. Cottle, J. Am. Chem. Soc., 68, 
1380 (1946); L. F. Fieser, Experiments in Organic Chemis
try, 2nd ed., especially p. 367-368, Heath, New York, 1941.

(7) G. Jander, B. Gruttner, and G. Scholz, Ber., 80, 279 
(1947).

(8) P. F. Cundy and M. M. Beck, Paper Trade J., 124,
18, 36 (May 1, 1947).

solution, and washing until the filtrates were colorless, gave 
a sample (D) with a higher sulfur content.

Pouring another chlorination mixture into absolute 
methanol, filtering after 1 hr., soaking in methanol over
night, and then extracting the product in a Soxhlet appa
ratus (in vacuo a t 30-40°) gave a sample (E) with a still 
higher sulfur content.

Chemical analyses. All samples were dried to constant 
weight in vacuo a t 45°. Gravimetric determinations of 
chlorine, as silver chloride, and sulfur, as barium sulfate, 
were carried out by the Parr peroxide bomb method.8

Cuprammonium study. The viscosity of 1% solutions in 
cuprammonium solution (200 g. ammonia and 15.0 g. copper 
per liter) ranged from 1.80-3.62 centipoises for samples 
A, B, C, and E. After purification with chlorite, samples 
A', B ', and C ' gave values ranging from 1.80-2.48 centi
poises.

Hydrolysis study. Samples (0.1-0.15 g.) of chloroeelluloses 
were dispersed in 2.00 ml. of 72% sulfuric acid (previously 
cooled to 12-15°) after 2 hr. a t 18-20°. Sulfur dioxide was 
evolved during this period. Each solution was diluted to 3% 
acid and boiled under reflux for 4 hr.; in some cases material 
precipitated on dilution and remained insoluble during 
subsequent boiling. The cooled and filtered solutions were 
neutralized with barium carbonate, refiltered, acidified with 
acetic acid to a litmus endpoint, and concentrated to a thick 
sirup (0.1-0.2 ml.) in vacuo a t 50°.

Paper chromatography. Chromatograms of each concen
trated hydrolyzate were run on Whatman No. 1 filter paper 
in 10:3:3 butanol-pyridine-water for 12-72 hr., and sprayed 
with aniline-hydrogen phthalate reagent.

Cellulose chromatographic column. A sirup (2.35 g.) con
centrated from a large scale hydrolyzate of A was placed 
on a developer-saturated Whatman standard grade cellulose 
powder column (22 X 2.25 in.). The developer solution, 
butanol half-saturated with wrater, wras allowed to flow a t a 
rate of 140 ml. per hr. for the first 700 ml., then at 20-25 
ml. per hr. thereafter. The effluent wras collected in frac
tions,10 and the fractionation followed by means of paper 
chromatograms. The column was finally washed with 1200 
ml. of 50% ethanol. All fractions were evaporated to  con
stant weight in vacuo a t 50°.

Identification of glucose. Glucose was crystallized from 
fraction 6-1 by seeding the concentrated decolorized sirup. 
The isolated crystals melted at 145°, and exhibited rotation 
in w'ater of %]“  +52°; the phenylosazone m.p. 204+205°. 
A mixture of the isolated compound and D-glucose m.p. 
145°.

Identification of a monochloroglucose. Crystalline fraction 2 
melted sharply at 134-135°, reduced Fehling solution 
strongly, and formed only small quantities of silver chloride 
when treated with silver nitrate solution. I t  show'ed a rota
tion in absolute ethanol of [a]2D5 +100 ±  3° (c 0.5) and in 
water a rotation of [a]2D5 +43 ±  3° (c 0.5). Helferich and 
Brederick11 found tha t 6-chloro-D-glucose melted a t 135- 
136°, reduced Fehling solution rapidly, and gave a rotation 
in water of [a]D +35.0°.

Anal. Calcd. for C6HU0 5C1: C, 36.28; H, 5.58; Cl, 17.85. 
Found: C, 36.82; H, 5.85; Cl, 18.66.

RESULTS AND DISCUSSION

Upon addition of thionyl chloride to mixtures 
of cellulose and pyridine, an exothermal reaction 
takes place, and the mixture gradually darkens. 
This color effect increases with increasing tempera-

(9) Peroxide Bomb: Apparatus and Methods, Manual No. 
121, Parr Instrument Co., Moline, 111., 1950, p 47.

(10) L. Hough, J. K. N. Jones, and W. H. Wadman, 
J. Chem. Soc., 2511 (1949).

(11) B. Helferich and H. Brederick, Ber., 60B, 1995
(1927).
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TABLE I
D escription of Chlorocelluloses

Product A A B B' C C' D E

Reaction temp., °C. 26 50 69 25 25
Reaction time, hr. 4 4 1 4 4

. Reaction ended with NaOH NaOH NaOH NaHCOs MeOH
Chlorine, % 6.12 6.96 12.90 13.50 19.66 20.16 4.42 5.23
Sulfur, % 0.70 0.13 2.30 0.30 2.04 0.93 4.86 11.65
Chlorine, D.S.4 0.29 0.33 0.67 0.67 1.04 1.04 0.22 0.30®
Sulfur, D.S.4 0.04 0.01 0.13 0.02 0.12 0.05 0.27 0.73®
Yield, based on A, B, 96.8 83.0 84.4

and C, resp.
Carbon, % 43.67 42.43 41.26
Hydrogen, % 5.42 4.86 4.43
Ash, % 0.09 0.08 0.08 0.20 0.10 0.27
Material not dissolved by None 4.9 8.3

acid hydroRsis, %

“ A', B ', and C ' represent A, B, C, respectively, after purification with chlorite. 4 The D.S. (degree of substitution) of the 
chloroeelluloses were calculated from the following simultaneous equations.

Sulfur, % =  3206x/( 162.1 +  46.04a; +  18.45y)
Chlorine, % =  3546^/(162.1 +  46.04a; +  18.45?/)

where y = degree of chlorine substitution, and x = degree of sulfite ester substitution (—OSOO— ) . c Treatment of sample 
E with 0.151V NaOH at 25° gave a 76% yield of material, analyzing for 6.44% chlorine and 0.62% sulfur, or D.S. of 0.31 
and 0.04, respectively.

TABLE II
Chromatographic F ractionation of H ydholyzate A

Dried Cl in Feh-
Frac- Fraction, Specific Rotation Cl, Fraction, ling’s AgNO,
tion Rea G. r i25° L«J D Solvent % G. Test Test
1 4.3 0.0163 0 Abs. EtOH 13 0.0021 + __

2 3.5 0.1303 + 41 .0  ±  0.4 Abs. EtOH 11.7 0.0152 + —

3 2.7 0.0677 +  13 ±  1 Abs. EtOH 11.2 0.0075 + —

4 1.8 0.0402 + 2  ±  1 Abs. EtOH 13.5 0.0054 + +
5-14 1.3 0.0803 . -4 1  ±  1 H20 4.9 0.0039 +
5-2 1.3 0.0154 - 3  ±  3 Abs. EtOH 6.4 0.0010 —

6-1® 1.0 1.1086 +40 .2  ± 0 .4 H20 1.48 0.0164 + —

6-2 — 0.2071 0 EtOAc 0.4 0.0008 si. + _

7 Column 1.6104 + 2 .9  ±  0.1 11,0 2.12 0.0341 + +
Wash

Total 3.2763 0.0864
Residuai 0.594 8.9 0.053
Original® 3.870 3.59 0.139

a The Tig value is the rate of movement relative to the rate of movement of glucose. 4 Only a portion of fraction 5 was 
soluble in water (5/1), and the remainder (5/2) was soluble in ethanol. ® Only a portion of fraction 6 was soluble in water 
(6/1), and the remainder (6/2) soluble in ethyl acetate. d This is the material (calculated by difference) remaining on the 
column after washing with 50% ethanol. e The original hydrolyzate contained 1.52 g. barium acetate and 2.35 g. hydrolyzed 
product.

ture. Thionyl chloride and pyridine alone also react 
exothermally, to form a dark solid which may be 
responsible for the color of the fibrous products. 
The chlorine content of chloroeelluloses increases 
with increased reaction time and temperature. 
Excessive reaction temperatures, however, result 
in the formation of black gritty nonfibrous mate
rials.

The reaction is best terminated by treating the 
crude products with dilute alkali, which reduces 
the sulfur content to a small value. Further treat
ment with acidic sodium chlorite removes more 
sulfur and gives a lighter color to the product. 
The residual sulfur appears to be present as sul- 
furous acid esters, since sulfur dioxide is evolved

upon treatment with 72% sulfuric acid or 85% 
phosphoric acid.

All the chloroeelluloses, except those with high 
chlorine content, appear to be largely soluble in 
cuprammonium solution. Only small amounts of 
material can be regenerated from these solutions, 
however. The viscosities of the solutions are ex
tremely low, so it is evident that the chlorination of 
cellulose with thionyl chloride in pyridine is also a 
strong degrading action.

The chlorine in the chloroeelluloses seems to be 
firmly bound, as shown by acid hydrolysis; only 
traces of silver chloride are formed when the acidic 
solution is treated with silver nitrate and nitric acid. 
Resistance to hydrolysis increases as the chlorine



NOVEMBER 1958 CHLORINATION OF CELLULOSE 1719

content of the chlorocelluloses is increased, as shown 
by a larger amount of insoluble material in the hy- 
drolyzate. Paper chromatography of the hydrolv- 
zates gives spots for cellobiose and glucose, and 
also five additional spots of higher R f value. The in
tensity of the glucose spot diminishes as the chlorine 
content of the original chlorocellulose is increased.

The hydrolyzate of a large sample of A was 
fractionated on a cellulose column and the data 
are presented in Table II. The presence of glucose 
in fraction 6-1 was definitely established, amounting 
to 47% of the total hydrolyzate. This large amount 
of glucose is commensurate with the low degree of 
chlorine substitution (0.29) of the original sample.

The resistance of chlorocelluloses to hydrolysis 
is again shown by the presence of two incompletely 
hydrolyzed components (fraction 7 and the residual 
material on the column), which contained 63% of 
the chlorine originally present in hydrolyzate A.

Fractions 1 through 4 possess chlorine contents 
slightly below the theoretical amount (17.85%) 
required for a monoehlorohexose; they represent 
22% of the chlorine originally present in the hy
drolyzate. Attempts to obtain crystalline com
pounds from these fractions were largely unsuc
cessful. Gradual addition of petroleum ether (b.p. 
30-60°) to an ethyl acetate solution of fraction 2 
finally gave crystalline needles, analyzing for a 
monoehlorohexose, and tentatively identified as
6-chloro-D-glucose.

Terminating the original chlorination reaction 
by soaking the products in either aqueous sodium 
bicarbonate or in methanol gave products with 
much higher sulfur contents (D and E in Table I). 
Treatment of the methanol-soaked product with 
dilute alkali (E) gave a product with a much 
reduced sulfur content; the chlorine content, when 
calculated as degree of substitution, showed no 
change. Acidification of the alkaline solution gave 
an evolution of sulfur dioxide. So it seems possible 
that the sulfur in these crude chlorocelluloses exists 
as cyclic sulfites, probably linked in either the 2,3- 
or 3,6-position, and of low stability.

A mechanism for chlorination occurring during 
tosylation has been suggested by Hess and Stenzel,12 
the formation of a tosyl ester precedes chlorination, 
and pyridinium chloride, rather than the sulfonyl 
chloride is the chlorinating agent (reaction 1).

ROSO-CtH- +  C5H 5NHCI — >
RC1 +  C6H 5NHSO,C,H7 (1)

A similar type of mechanism applied to chlorina
tion with thionyl chloride and pyridine would sug
gest the formation of a sulfite ester, probably 
from carbons 2 and 3, or carbons 3 and 6, as a 
first step (Equation 2), and then a subsequent

>C—OH

>C—OH
+ sort.

',C—Os

>c—O '
> S = 0 +  2 HC1 (2)

chlorination step with pyridinium chloride, leading 
to the formation of either a ehlorohydrin (Equation
3) or a dichloro derivative. It is interesting that

>C—Os

>C—O '
>S=0 +  C ..II,.MIC!

>C—OH

>C—Cl
+  C5H6N +  SO, (3)

none of the fractions isolated from the chlorocel
lulose hydrolyzate (Table II) has sufficient chlorine 
to be considered a dichloro derivative; hence re
action 3 must predominate.

Several workers have reported the formation of 
cyclic sulfites from polyhydroxy compounds. Price 
and Berti13 prepared both the cis and trails forms 
of the 1,2-cyclohexandiol sulfites, using a mixture 
of thionyl chloride and pyridine as reagent. No 
chlorination was reported in this reaction. De la 
Mare and co-workers14 prepared 3-chlorotrimethyl- 
ene sulfite, using thionyl chloride and a neutral 
solvent. When pyridine was used as the solvent, 
chlorination resulted, with the formation of a 
mixture of dichlorohydrins and trichloropropane. 
This again emphasizes the possible role of pyri
dinium chloride as the chlorinating agent, and the 
intermediate role of a sulfite ester.15

A second mechanism postulates the formation of 
an unstable chlorosulfite ester as an intermediate, 
and involves the attack of only one hydroxyl 
group (Equations 4 and 5). This has been investi
gated in detail for simple alcohols by Ingold and 
co-workers,16 by Lewis and Boozer,17 and by Cram.18 
Studies with stereoisomers have shown that an 
Sxl mechanism gives retention of configuration, 
whereas inversion occurs with the Sn-2 mechanism. 
In some cases a mixture of retention and inversion 
has been observed. Most of the reactions have been

(13) 0. C. Price and (.!. Berti, ./. .4m. ('hem. Soc., 76, 
1 2 1 1  (1954).

(14) P. B. D. de la Mare, W. Klyne, 1). J. Millen, J. G. 
Pritchards, and D. Watson, J. ('hem. Soc.. 1313(1956).

(15) A recent patent [German Patent 875,804, ('hem. 
Abstr., 52, 9196e] gives the preparation of pentaerythritol 
dichlorohydrin sulfurons acid ester from the polyol and 
thionyl chloride in pyridine. This compound, purified by 
distillation in  vacuo to a solid, m.p. 30°, was converted by 
hot alcoholic potassium hydroxide to the dichlorohydrin, 
m.p. 75-80°.

(16) IV. A. Cowdrey, E. D. Hughes, C. K. Ingold, S. 
Masterman, and A. D. Scott, J .  Chcm. Soc., 1267 (1937).

(17) E. S. Lewis and C. E. Boozer, J .  Am. ('hem. Soc., 74, 
308(1952).

(18) 1). J. Cram, ./. Am. Chcm. Soc., 75, 332 (1953).(12) K. Hess and H. Stenzel, Ber., 6 8 , 981 (1935).
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ROH +  SOCls — >■ ROSOC1 +  HC1 (4) 

ROSOC1 — >  RC1 +  S02 (5)

carried out in thionyl chloride, without the use of 
pyridine, and the chlorosulfite esters have shown 
very low stability, in contrast to the cyclic sulfite 
esters formed from glycols and the sulfur groupings 
encountered in the present work. The isolation 
of products D and E, with a higher degree of sul
fur substitution than of chlorine substitution, 
seems to be evidence against the presence of chloro
sulfite esters in the chlorocelluloses.

Since only three isomeric monochloroglucoses 
(2-, 3-, and 6-) are possible, the isolation of four 
isomers from a chlorocellulose hydrolyzate raises 
the possibility of Walden inversion on either 
carbon 2 or 3 to give a monochloromannose or 
aldose. This type of alkyl-oxygen fission can occur 
either by reaction 3 or reaction 5. There is also a 
possibility of 2,3- and 3,6-anhydro derivatives 
being formed, either with or without chlorine. 
The latter possibility is shown by the isolation of 
three crude fractions (5-1, 5-2, and 6-2) with low 
chlorine contents. Ohle and co-workers19 have re

ported the isolation of a 3,6-anhydro-l,2-isopro- 
pylidene-5-O -tosyl-D -glucose by the action of tosyl 
chloride and pyridine on 1,2-O-isopropylidene-D- 
glucofuranose.

Assuming that each sulfur atom in a chlorocel
lulose is linked to three oxygen atoms as a sulfite 
ester, it can be calculated that the empirical 
formulas of chlorocelluloses A, B, and C contain 
0.6, 0.86, and 0.77 oxygen atoms in excess of the 
number necessary to combine with hydrogen as 
hydroxyl groups. This is a further indication of the 
possible presence of anhydro-ring formation.
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H. Ohle, L. von Vargha, and H. Erlbach, Tier., 61, 1211
(1928).
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Thebaine on condensation with phenyl vinyl ketor.e affords a Diels-Alder adduct, nepenthone,1 which has been rearranged 
in acid solution. Reduction affords nepenthol, which has been dehydrated to an olefin, nepenthene, and both nepenthol and 
nepenthene have been rearranged to flavonepenthone, an analog of flavothebaone. Mechanisms are advanced for the changes 
reported.

Thebame, on condensation with p-benzoquinone 
affords the adduct (I)2’3 which can be isomerized 
by acids to the quinol (II), and this on heating 
with hydrochloric acid undergoes a concerted open
ing of the cyclic ether and 1:2-shift of the quinol 
nucleus, giving flavothebaone3' 5 which has the 
structure (III).4’6 During work on the structure of 
the last named base attempts were made to effect 
a similar rearrangement in somewhat simpler 
compounds.

(1) K. W. Bentley and J. C. Ball, Chem. d  Ind. {London), 
1428 (1956).

(2) W. Sandermann, Her., 71, 648 (1938).
(3) C. Schôpf, K. von Gottberg, and W. Petri, Ann., 536, 

216 (1938).
(4) K. W. Bentley, J. Dominguez, and J. P. Ringe, 

Chem. & Ind. {London), 1353 (1956); J . Org. Chem., 21, 1348 
(1956); 22, 409, 418, 422, 424, 599 (1957).

(5) J. Meinwald and G. A. Wiley, Chem. & Ind. {London),
957 (1956); J. Am. Chem. Soc., 79, 2569 (1957).

The simplest thebaine adduct reported in the 
literature is thebaine-acrolein (IV),6 but attempts 
to rearrange this in acid solution led to the im
mediate production of black intractable materials. 
The adduct of thebaine and phenyl vinyl ketone
(V) was obtained from the two components in ex
cellent yield, and was subjected to a variety of 
transformations. On account of the extremely

(6) S. I. Kaneveskaya and S. F. Mitryagina, ./. Gen. 
Chem. U.S.S.R., 17, 1023 (1947).
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cumbersome nature of the systematic names for the 
Diels-Alder adducts of thebaine in general and of 
the phenyl vinyl ketone adduct in particular this

substance was assigned the trivial name “nepen- 
thone” in order to simplify subsequent discussion of 
the results.

The adduct was formulated as V rather than as 
VIII on consideration of the potential electronic 
shifts shown in VI and VII, in which electrons are 
most available at C(i4> of thebaine and the terminal 
carbon atom of the vinyl group in the unsaturated 
ketone is electron-deficient. The adduct appeared 
to consist exclusively of one isomer, and a careful 
examination of the mother liquors failed to reveal 
any of the isomeric VIII. However, in order to place 
any interpretation of the complex reactions of 
nepenthone on a sure foundation it soon became 
essential to have definite evidence on this structural 
point. The assignment of structure V to nepenthone 
was strongly supported by the basic strengths of 
the adduct, its derivatives, and several other 
bases of the morphine-thebaine group. The basic 
strengths of the compounds examined were found 
to be quite sharply divided into three groups (see 
table) as follows: (a) Bases of the type IX, where 
R = H or OH, with pK about 6.70; (b) Bases of 
the nepenthone series, where on the basis of struc
ture V R = CH—CH2, with pK about 5.80;
(c) Bases such as the adduct I where R = CH— 
C = 0  or 0 —0 = 0 ,  with pK about 5.0.

The marked difference in the basic strengths of 
the bases of groups (a) and (c) is due partly to steric 
hindrance at the nitrogen atom by the substituent 
at 0 (i4) and partly to interaction between the ni
trogen atom and the unsaturated carbonyl group 
suitably placed, in space. Adducts such as nepen
thone, thebaine-acrolein and, thebaine-methyl vinyl 
ketone show a much smaller reduction in basic 
strength, indicating that the carbonyl group is 
further removed from the nitrogen atom than it is 
in, say, thebainequinone (I), and the possibility that 
nepenthone has the structure (VIII) may thus be 
discounted. The potentiometric titrations by which 
the basic strengths were determined provided a 
very accurate method of determination of the 
molecular weights of the bases, and this proved of 
great value in the investigation. The stereochemis
try of nepenthone is of importance in a considera
tion of the transformations of this base. Addition 
of the dienophile to thebaine would be expected to 
occur on the least hindered side of the molecule
(X) and to give the endo product XI, rather than

TABLE I

Base f> K

Mol. Mol.
Wt., Wt.,

Found Caled.
Morphine
Thebaine
14-Hydrox3rcodeinone 
Codeine 
Nepenthone 
Nepenthol 
Flavonepenthone 
Thebaine-acrolein 
T hebaine-methy 1 

vinyl ketone 
Dihydrothebaine- 

quinone
1 4-Acetoxycodei none 
Thebainequinone 
Dimethyhhebaine- 

maleate

6.85 285 285
6.80 313 311
6.65 310 313
6.60 300 299
5.80 443 443
5.80 443 445
5.80 417 413
5.80
5.80 381 381

5.25 419 421

5.25 358 355
4.90 — —

4.80 — —

the epimeric exo compound (XII), as the production 
of the former would involve the greatest overlap 
of the two unsaturated groups during the addition 
process. In support of this view it was found impos
sible to hydrogenate the double bond of nepen
thone, as would be expected on the basis of the 
structure (XI), in which the ethylenic bridge is 
shielded by the other parts of the molecule, whereas 
in the epimeric structure (XII) such screening is not 
present. It may be noted that the ethylenic bridge 
in thebaine quinone, assigned the structure (XIII) 
by Schopfp is unreducible. Two oximes, presum

ably geometrical isomers, can be prepared from 
nepenthone.

Nepenthone was found to be stable in dilute 
acids, being recovered unchanged after boiling for 
four hours with 5% hydrochloric acid, but on heat
ing with concentrated hydrochloric acid and glacial 
acetic acid at 100° (the conditions of the the- 
bainequinol->flavothebaone transformation) it af
forded two bases, neonepenthone-A and neonepen- 
thone-B, in yields of approximately 25% and 10%, 
respectively.

Neonepenthone-A, m.p. 135°, is nonphenolic 
and has the composition C27H29O5N, i.e. nepen
thone C28H29O4N — CH2 +  H20. The infrared 
spectrum shows a hydroxyl band at 3430 cm. ' 1 
(2.94/i), and one carbonyl band at 1717 cm. ' 1
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(5.83m), indicating that the compound contains 
only a saturated ketone system.

Clearly the transformation involved in the pro
duction of neonepenthone-A from nepenthone is 
different from the flavothebaone rearrangement, 
and the processes XIV —► XVI might be initiated 
by attack of the aromatic carbonyl group of nepen
thone by a proton. This is in essence an acid- 
catalyzed dealdolization, and the product may 
well exist in the acid mixture as XIV, which, during 
isolation and purification, could suffer addition of 
the aromatic carbonyl group to the a/l-unsaturated 
ketone system, XVI — XVII. This would lead to the 
formulation of neonepenthone-A as the saturated 
ketone (XVIII). Only in this way can the single 
carbonyl infrared absorption at 1717 cm.-1 ( 5 . 8 3 m ) 

be rationally accounted for. Nothing further is 
known about neonepenthone-A.

Xeonepenthone-B, m.p. 2 7 5 ° ,  obtained in about 
10% yield, is phenolic and has the composition 
C28H31O5N (mol. wt. calcd. 4(51, found 4(54) i.e. 
nepenthone C28H29O4N +  H20 ; the infrared spec
trum contains a hydroxyl band at 3470 c m r1 
( 2 . 8 5 m )  and a carbonyl band at 1(570 cm.-1 ( 5 . 9 8 m ) .  

One simple explanation of these properties would be 
that a hydrolytic fission of the oxide bridge of 
nepenthone had taken place as depicted in the 
partial structures XIX — XX, but it seems highly 
unlikely that this explanation is correct, as XX, 
under the strongly acid conditions, would be ex-

C xix) (x > )  ( x x i}

toPh
(***■)

pected to undergo the geometrically favorable 1:2- 
shift of the ethylenic bridge, giving finally the 
ketone XXII.

A more plausible process is depicted in the 
partial-structures (XXIII) (XXV), in which the 
classical carbonium ion resulting from opening of 
the oxide ring becomes the non-classical bridged 
ion (XXIV), which then adds a hydroxyl group at 
the least hindered position giving XXV. On the 
basis of these changes neonepenthone-B may be 
represented as XXVI. Zeisel determination shows 
the presence of only one methoxyl group in neo
nepenthone-B, whereas, the structure XXVI con
tains two such groups; however the methoxyl group 
of XXV, which is highly hindered might not be 
affected under the conditions normally used in the 
Zeisel determination, though the low methoxyl 
value may be due to solubility reasons.7

It was inferred from the failure of the acid treat
ment of nepenthone to give an analog of flavothe
baone that the production of the latter from the- 
bainequinol involves the participation of the aro
matic nucleus in a nonclassical ion as shown in 
the partial-structures XXVII —► XXVIII —*• 
XXIX, and that when formation of such an ion 
cannot take place, the reaction can take a different 
course with the participation of the ethylenic 
bridge instead, XXIII —*■ XXV. Accordingly we

felt that it should be possible to prepare an analog 
of flavothebaone from the styrene (XXX).

Nepenthone on reduction with aluminium iso- 
propoxide or with sodium borohydride affords the 
related alcohol, nepcnthol. Models indicate that 
on steric grounds the reduction will afford the 
epimer (XXXI). Unlike nepenthone, nepenthol is 
rearranged in 90% yield in hot concentrated hydro
chloric acid and glacial acetic acid solution, giving 
a new base, named flavonepenthone by analogy 
with flavothebaone, although the characteristic 
yellow color of the last named base is not observed.

Color reaction with diazotized sulfanilic. acid 
and with quinone ehloroimine, together with the

(7) Phenyldihydrothebaine derivatives consistently give 
methoxyl values for one methoxyl group less than actually 
present under the normal conditions of the Zeisel determina
tion, presumably for solubility reasons [L. F. Small, L. J. 
Sargent, and J. A. Bralley, J. Org. Chew., 12, 839 (1947)].
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alkali-solubility of flavonepenthone clearly demon
strate that this base is phenolic, and in confirmation 
of this a monoacetyl derivative and a monomethyl 
ether have been prepared. Analyses indicate the 
composition C27H270 3N, showing that H20  as well 
as CH2 is lost during the rearrangement, and in 
agreement with this the ultraviolet absorption 
spectrum is styrenoid; the spectrum also shows the 
long wave length band with Xmax 3,400 A and emaJC 
2,500, which is an outstanding feature of the ultra
violet spectrum of flavothebaone. The infrared 
spectrum of flavonepenthone shows an a/3-unsatu- 
rated carbonyl absorption band at 1675 cm.*-1 
(5Mu),  which is shifted to 1710 cm.-1 (5.85/x) 
when the base is reduced to a tetrahydro derivative 
with sodium amalgam; the styrenoid ultraviolet 
absorption also disappears during this reduction.

All these properties clearly point to the structure 
(XXXII) for flavonepenthone, which could arise 
as a result of the dehydration of nepenthol (XXXI) 
to the olefin (XXX) followed by the predicted 
1:2-shift of the PhCH=C—CH2-bridge. The 
similarity of the ultraviolet spectra of flavonepen
thone and flavothebaone in the region 3,200- 
3,600 A is, as already indicated,4 strong support 
for the view that the long wave length band common 
to these spectra is due to perturbation of the 
orbitals of the cyclohexenone system by the other 
unsaturated group (styrene and quinol, respec
tively) present in the molecules of these bases.

The separation of the rearrangement of nepenthol 
to flavonepenthone into two distinguishable and 
perhaps non-simultaneous steps led logically to an 
attempt to prepare the olefin (XXX) and realize 
the l:2-shift of the bridge as a separate reaction. 
The dehydration of nepenthol was accomplished 
by heating with anhydrous formic acid at 100° for 
sixteen hours, and the new base, nepenthene, so 
obtained was found to give flavonepenthone when 
heated with concentrated hydrochloric acid. How
ever, the dehydration is not the simple process 
envisaged, since nepenthene shows a prominent 
unsaturated carbonyl absorption band at 1663 
cm.“ 1 (6.01/u) in its infrared spectrum. The analyti
cal data indicate a composition C27H270 3N isomeric 
with that of flavonepenthone. The ultraviolet 
spectrum is styrenoid, and this together with the 
absence of hydroxyl absorption bands in the infra
red spectrum shows that dehydration has certainly 
occurred. The oxide ring is still intact since nepen
thene is non-phenolic. Catalytic reduction involves 
saturation only of the styrenoid double bond, 
giving dihydronepenthene, whereas sodium amal
gam reduction gives only a non-crystalline product 
in which the carbonyl group is saturated as shown 
by the infrared spectrum which contains only one 
carbonyl absorption band, and that at 1703 cm.“ 1 
(5.86n) compared wfith 1663 cm.“ 1 (6.01/u) in 
nepenthene.

Only the structure XXXIII appears satisfac

torily to account for these facts. The dehydration 
of nepenthol to nepenthene may be depicted as in 
the structures XXXIV-kXXXVI. The conver
sion of nepenthene into flavonepenthone presents 
no real problem, and may be represented as in 
XXXVII—»-XXXIX. On steric grounds there 
seems little to choose between the structures 
XXXIX and XL for flavonepenthone, and under 
acid conditions interconversion through an ion 
such as XXXVIII is possible. If anything XXXIX 
involves the least steric compression of groups.

Attempts to degrade nepenthone and flavone
penthone proved fruitless. No quaternary salts or 
V-oxides could be formed, presumably as a result 
of steric hindrance at the nitrogen atom; no adduct 
could be prepared from thebaine methiodide and 
phenyl vinyl ketone. Neither double bond in 
flavonepenthone could be attacked with peracids 
or with alkaline hydrogen peroxide.

Thebaine has also been condensed with methyl 
vinyl ketone and with acrylonitrile to give the 
adducts (XLI, R = CO.CH3) and (XLI, R = CN), 
respectively; the second of these has also been 
prepared by the dehydration of the oxime (XLI, 
R = CH=N.OH) of the acrolein adduct IV.

Cxli)

E X P E R IM E N T A L

Phenyl vinyl ketone. The method described by Mannich8 
was modified as follows. Acetophenone (80 g.), powdered 
paraformaldehyde (20 g.), and dimethylamine hydrochloride 
(55 g.) were heated together under reflux in ethanol (100 
ml.). After 10 min. a clear solution was obtained, and after 
0.5 hr. 80 ml. of ethanol were removed by distillation

(8) C. Mannich and G. Heilner, Ber., 55, 356 (1922).
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Acetone (300 ml.) was added to the hot residue and the 
resulting solution transferred at once to a beaker. Colorless 
crystals of ¡»-dimethylaminopropiophenone hydrochloride, 
m.p. 156° (98 g.) separated rapidly. The salt was collected 
and dried and steam distilled until about two liters of dis
tillate had been collected. A small amount of quinol was 
added to the distillate which was then extracted with 
ether. The ether extract was dried over sodium sulfate and 
evaporated, and the residue distilled, when 2 1  g. of phenyl 
vinyl ketone, b.p. 98-97°/15 mm., was obtained.

Nepenthone (V). Freshly distilled phenyl vinyl ketone (26 
g.) together with a small amount of quinol, was added to a 
solution of thebaine (60 g.) in boiling benzene (240 ml.), 
and the resulting solution boiled under reflux for 2  hr. The 
benzene was removed by distillation in vacuo. Hot alcohol 
(450 ml.) was added and the solution allowed to cool, when 
nepenthone separated as irregular plates, m.p. 155°, after 
recrystallization from ethanol. Yield 60 g. [«Id0  —232° 
(CHCh, c 1.09). Xmas 2,400 A; £mal 2,630.

Anal. Calcd. for C28H 2A N : C, 75.8: E , 6 .6 ; (2)OMe,
14.4. Found: C, 75.6; H, 6.4; OMe, 14.4%.

In an attem pt to prepare a methiodide of nepenthone 
thebaine methiodide was recovered unchanged after heating 
under reflux with phenyl vinyl ketone in chloroform for 4 
hr.

Oximes. Nepenthone (10 g.), hydroxylamine hydrochloride 
( 1 0  g.), water ( 1 0 0  ml.), and ethanol ( 1 0  ml.) were heated 
together under reflux for 5 hr. Ammonia solution was added 
to the cooled mixture and the precipitated material tritu
rated with ether. The resulting solid matter was collected, 
dissolved in 2-ethoxyethanol (150 ml.), and the solution was 
filtered, evaporated to about 70 ml., and diluted with water 
(20 ml.). On cooling 5.7 g. of crystalline material was ob
tained, and this was recrystallized from 80% 2 -ethoxy
ethanol, when nepenthoxime-1  was obtained as colorless 
prisms, m.p. 270°, [a ] 2D2 -254° (CHC13, c 0.83).

Anal. Calcd. for C28H 30O4N 2 : C, 73.3; H, 6 .6 ; N, 6.1. 
Found: C, 73.3; H, 6.7; N, 6.2%.

Evaporation of the mother liquors from the isolation of 
nepenthoxime-I afforded a viscous gum, which crystallized 
readily from acetone. Recrystallization from acetone af
forded 3.1 g. of nepenthoxime-I I, m.p. 188°, [a]”  —242° 
(CHCU, c 1.09). This oxime was much more soluble than 
nepenthoxime-I in organic solvents.

Anal. Calcd. for CaH aA N ,: C, 73.3; H, 6 .6 ; N, 6.1. 
Found: C, 73.1; H, 6 .6 ; N, 5.9%.

Acid-catalyzed, rearrangement of nepenthone: neonepenlhone- 
A and neonepenthone-B. Nepenthone (10 g.) was dissolved 
in glacial acetic acid (30 ml.) and concentrated hydrochloric 
acid (30 ml.), and the mixture was heated on the steam bath 
for 6  hr., during which time it became deep green. Removal 
of volatile material in vacuo, followed by treatment of the 
resulting sirup with methanol afforded a colorless crystalline 
salt (2.90 g.), which was collected and dissolved in water 
and the solution treated with hot aqueous sodium carbonate, 
when neonepenthone-A was obtained. This was recovered 
as colorless rods, m.p. 135°.

Anal. Calcd. for C2 7H 2 A N : C, 72.5; H, 6 .6 ; (l)OMe, 
6.9%; M.W. 447. Found: C, 72.5; H, 6 .6 ; OMe, 7.4; mol. 
wt. (potentiometric titration), 442.

The base was appreciably soluble in organ.c solvents, and 
gave negative color reactions with diazotized sulfanilic acid 
and quinone chloroimine.

The mother liquors from the isolation of neonepenthone-A 
were basified with ammonia and diluted with water. The 
precipitated material crystallized on trituration with ether. 
When this material was recrystallized from 2-ethoxyethanol 
(50 ml.) 1.0 g. of neonepenthone-B, m.p. 273°, was obtained.

Anal. Calcd. for A A A N :  C, 72.8; H. 6.7; (2)OMe, 
13.5%; M.W., 461. Found: C, 72.9; H, 6.7; OMe, 7.8%; 
mol. wt. (potentiometric titration), 464.

Unlike neonepenthone-A this base is sparingly soluble in
organic solvents and gives a deep red color on coupling with

diazotized sulfanilic acid in alkaline solution and gives a 
deep green color with quinone chloroimine.

Nepenthol. (a) Nepenthone (64 g.) was heated with 
aluminum isopropoxide (120 g.) in boiling 2-propanol (320 
ml.) with mechanical stirring. The mixture wras slowly dis
tilled through a fractionating column in such a w'ay th a t a 
distillate was collected at the rate of about five drops per 
minute. Distillation was continued until the distillate no 
longer gave a precipitate with 2,4-dinitrophenylhydrazine 
hydrochloride solution (about 2.5 hr.). The reaction mixture 
was then poured into ice water (1500 ml.) containing con
centrated hydrochloride acid (200 ml.). An excess of Rochelle 
salt solution was then added, and the mixture basified with 
aqueous sodium hydroxide, and the precipitated organic 
base extracted with chloroform. Evaporation of the extract 
and recrystallization of the residue from 2-ethoxyethanol 
gave 54.5 g. of nepenthol as colorless rods, m.p. 210°, 
[afr,1 -136° (CHCI3, c 1.25). W  2400, 2890 A; <w  
6,310, 1,738.

Anal. Calcd. for C29H3A N : C, 75.4; H, 7.1. Found: C, 
75.0, 75.8; H, 7.1, 7.1%.

(b) Sodium borohydride (0.40 g.) in methanol (10 ml.) 
wras added to a suspension of nepenthone (5 g.) in cold 
methanol (100 ml.). When the mixture wras heated to the 
boiling point and allowed to cool to room temperature 
nepenthol (1.5 g.), was obtained, melting point and mixed 
melting point with nepenthol prepared as in (a), 210°, 
[aPD8 -136° (CHCh, c 0.87).

The acetyl derivative was obtained by the usual acetic 
anhydride/pyridine treatment, and on recrystallization from 
methanol was recovered as prisms m.p. 153°.

Anal. Calcd. for C30H33O5N: C, 73.9; H, 6.8; OAc, 8.8. 
Found: C, 73.6; H, 6.9; OAc, 9.3%.

Nepenthene (XXXI). Nepenthol (1.94 g.) was dissolved 
in 98-100% formic acid (20 ml.) and the mixture was heated 
under reflux for 16 hr. The resulting solution was diluted 
with water, made alkaline with ammonia, and the white 
precipitate collected and recrystallized from a methanol/2- 
ethoxyethanol mixture, when nepenthene (1.38 g.) v'as ob
tained as needles m.p. 225°, [a]2D4 +87° (CHCI3 , c 0.41), 
Amajt 2400, 2860 (inflexion) A ;  c„ax 24,000, 7,080.

Anal. Calcd. for C27H 27 0 3N: C, 78.4; H, 6.6; (l)OMe, 7.5. 
Found: C, 78.7; H, 6.5; OMe, 7.8%.

The base was insoluble in alkali, and gave no indication of 
coupling with diazotized sulfanilic acid.

Dihydronepenthene. Nepenthene (3.0 g.) in glacial acetic 
acid (30 ml.) was shaken under hydrogen at room tempera
ture and pressure in the presence of platinum oxide (0.1 g.). 
Absorption of hydrogen was slow, and a further 0.1 g. of 
platinum oxide was added after 2.5 hr. After 6 hr. one mole 
of hydrogen had been absorbed, and the rate of hydrogena
tion slowed down, but the reaction did not cease entirely. 
The solution was freed from catalyst, evaporated in vacuo 
and the residue was dissolved in water and the solution made 
alkaline with ammonia. The precipitated base was collected 
and recrystallized from a methanol/2-ethoxyethanol mix
ture, when dihydronepenthene was obtained as plates, m.p 
179°, ^max 2750 A; imax 3,550.

Anal. Calcd. for C27H2A N : C, 78.0; H, 7.0. Found: C, 
77.7; H, 7.1%.

Flavonepenthone (XXXII). (a) Nepenthol (51 g.) was dis
solved in hot glacial acetic acid (150 ml.), and concentrated 
hydrochloric acid (150 ml.) added. The mixture was then 
heated on the steam bath for 4 hr.; after 1 hr. a pale yellow 
crystalline solid separated. The mixture was cooled and the 
solid m atter collected (43.5 g.) and washed with concen
trated hydrochloric acid. Flavonepenthone hydrochloride 
thus obtained had m.p. over 300°.

Anal. Calcd. for C27H2A N .H C l.y 2H 20  :C, 70.6; H, 6.4; 
Cl, 7.7. Found: C, 70.4; H, 6.4; H, 7.8%.

The free base was recovered from the hydrochloride by 
treating the salt with hot aqueous sodium carbonate. Re
crystallization from 2-ethoxyethanol afforded flavonep-
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enthone as colorless rods m.p. 263°, [a ] 1,,8  +33° (CHC13- 
c 0.65) ^max 2500, 3400 A ■ 6max 21,880, 2,500.

Anal. Calcd. for C 2 7 H 2 7 O 3 N : C, 78.3; H, 6 .6 %; M.W., 413. 
Found: C, 78.2; H, 6.5%; mol. wt. (potentiometric titra
tion), 417.

The base was readily soluble in alkalis, and the solution 
gave a deep red color on treatment with diazotized sulf- 
anilic acid. I t  gave a deep green color with quinone chloro- 
imine, a green color with ferric chloride, and an orange 
color with concentrated sulfuric acid.

(b) Nepenthene (0.81 g.) was dissolved in a mixture of 
glacial acetic acid (5 ml.) and concentrated hydrochloric 
acid (5 ml.) and the mixture heated on the steam bath for 
6  hr. Water was added and the solution made alkaline 
with ammonia, which precipitated the free base. This was 
collected and recrystallized from 2 -ethoxyethanol when 
flavonepenthone was obtained as colorless rods m.p. 263° 
alone or mixed with a specimen prepared as in (a).

Acetylfiavonepenthone. Flavonepenthone (1.0 g.) was 
acetylated with acetic anhydride ( 1  ml.) in pyridine ( 1 0  

ml.). The product was isolated in the usual way and re
crystallized from ethanol, when acetylflavonepenthone was 
obtained as colorless rods m.p. 268°, mixed m.p. with 
flavonepenthone 235°.

Anal. Calcd. for C 2 9 H 2 9 O 4 N :  C, 76.5; H, 6.4. Found: 
C, 76.4; H, 6.3%.

Flavonepenthone methyl ether. Flavonepenthone hydro
chloride (5 g.) was suspended in methyl sulfate (17 ml.) 
and a solution of sodium hydroxide (6.25 g.) in water (20 
ml.) added slowly with vigorous stirring. When all the 
alkali had been added the mixture was heated to the boiling 
point to decompose excess of methyl sulfate, 10 ml. of 30% 
sodium hydroxide solution being added. The mixture was 
cooled and the insoluble material collected and crystallized 
and recrystallized from methanol, when flavonepenthone 
methyl ether was obtained as colorless needles m.p. 140°, 
M 2d° - 4 °  (CHCh, c0.46).

Anal. Calcd. for C25H29O3N: C, 78.6; H, 6 .8 ; (2)OMe,
14.6. Found: C, 78.5; H, 6 .8 ; OMe, 14.7%.

The base was insoluble in alkali and gave no color with 
diazotized sulfanilic acid, quinone chloroimine, or ferric 
chloride.

Telrahydroflavonepenthone. Flavonepenthone hydrochlo
ride (10 g.) was suspended in boiling ethanol (250 ml.) 
and treated with 510 g. of 2 % sodium amalgam. The 
reaction mixture was kept for 4 hr. under reflux on the 
steam bath. Within the first few minutes the solid dissolved, 
and a solid subsequently separated but later dissolved again. 
The following day the alcoholic solution was diluted with 
water (1500 ml.), the mercury removed and the mixture 
extracted with chloroform. (300 ml.). Evaporation of the

extract gave an amorphous solid ( 8  g.) which readily dis
solved in methanol. After several days the methanol solu
tion deposited 3.3 g. of crystalline material. This was col
lected and recrystallized from methanol, when tetrahydro- 
flavonepenthcne was obtained as colorless prisms, m.p. 1 0 0 °, 
M d -162° (CHCI3, c 0.71), XmaI 2830 A; ema* 1,778.

Anal. Calcd. for C27H 3 ,0 3 X.CH 3 0 H: C, 74.8; H, 7.8. 
Found: C, 74.7; H, 8.0%.

Found (dried at 160°/0.05 mm.): C, 77.4; H, 7.6%.
Thebaine^methyl vinyl ketone adduct (XLI, R = CO.CH3). 

A solution o: thebaine (15 g.) in methyl vinyl ketone (95 g.) 
was heated under reflux for 18 hr. and the excess of methyl 
vinyl ketone removed by distillation in vacuo. The product 
crystallized from methanol (60 ml.) as irregular plates (17 
g.) m.p. 1 2 0 °, but it contained rubbery impurities which 
were best removed by dissolving the product in hot concen
trated hydrochloric acid, diluting with water, and filtering 
from black tarry matter. Recovery of the base from the 
acid solution followed by crystallization from ethanol af
forded thebaine-methyl vinyl ketone as colorless plates m.p. 
122°.

Anal. Calcd. for C24H57O1 X : C, 72.3; H, 7.2. Found: 
C, 72.5; H, 7.1%.

Dehydration of thebaine-acrolein oxime. Thebaine-acrolein 
oxime6 (3 g.) in chloroform solution (20 ml.) a t 0° was 
treated with ice cold thionyl chloride (3 ml.) in chloroform 
(10 ml.). The resulting yellow solution was evaporated 
in vacuo at room temperature and the residue was shaken 
with chloroform and aqueous ammonia. Separation of the 
chloroform and evaporation of the solvent gave a residue 
that was crystallized from methanol, when thebaine-acrylo- 
nitrile (2.25 g.) was obtained as colorless plates m.p. 177°, 
raised to 185° by recrystallization.

Anal. Calcd. 'for C22H 24O3N 2 : C, 72.4; H, 6.7; N, 7.5. 
Found: C, 72.4; H, 6.9; N, 7.3%.

Condensation of thebaine and acrylonitrile. Thebaine (10 g.) 
was heated under reflux with freshly distilled acrylonitrile 
(50 ml.) containing a small quantity of quinol, for 8  hr. 
The excess of acrylonitrile was removed by distillation in 
vacuo and the residue crystallized from ethanol, when 
thebaine-acrylonitrile was obtained as plates m.p. 177°. 
The identity of this material with that prepared by the de
hydration of thebaine-acrolein oxime was demonstrated by 
the identity of their infrared spectra.
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The thebaine-phenyl vinyl ketone adduct, nepenthone, on heating with alkali is isomerized to isonepenthone. This is 
formulated as a molecular rearrangement of a type hitherto unobserved in the morphine series. Isonepenthone may be 
hydrolyzed to ./--nepenthone, and has been related through isonepenthol and /--nepenthol to flavonepenthone. Two other 
products of base-catalyzed transformation of nepenthone, both of which yield /-nepenthone on hydrolysis, are reported 
and formulated.

Thebaine condenses readily with phenyl vinyl 
ketone to give the adduct (I), named nepenthone1-2

(1) K. W. Bentley and J. C. Ball, Chem. & Ind. {London),
1428 (1956).

to facilitate discussion. This adduct, which is 
formulated as the endo-compound (la), was heated

(2) K. W. Bentley and J. C. Ball, J. Org. Chem., 23, 1720
(1958).
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with alkali in an attempt to bring about epimer- 
ization at the asterisked carbon atom to the exo
compound. In the initial experiments poor yields 
of two substances were obtained after four hours 
heating under reflux with 5% methanolic sodium 
hydroxide. In a later experiment however, crystal
lization occurred in the boiling solution after ten 
minutes, and a 75% yield of a third base, isonepen- 
thone, was obtained. Subsequently this base could 
always be obtained in good yield by seeding the 
reaction mixture after five or ten minutes’ treat
ment with alkali.

Isonepenthone is isomeric with repenthonc, is 
non-phenolic, and still contains the benzoyl group 
(infrared band at 1677 cm.-1, 5.96/r). The benzoyl 
group is essential for this change, since the second
ary alcohol, nepenthol (II), derived from nepen- 
thone does not undergo a similar change on heating 
with alkalis. Isonepenthone may, however, be 
converted into a secondary alcohol, isonepenthol, 
isomeric with nepenthol, by reduction with sodium 
borohydride.

Isonepenthone differs from nepenthone in being 
extremely sensitive to acid hydrolysis. Whereas the 
latter is recovered unchanged after boiling for four 
hours with 5% hydrochloric acid, the former is 
very rapidly hydrolyzed by this reagent, and even 
by cold acetic acid or picric acid, to '/'-nepenthone, 
C27H27O4N, and this difference in the behavior of 
the two isomers makes it very unlikely that iso
nepenthone is the expected epimer cf nepenthone. 
This possibility will, however, be considered in detail 
later.

As nepenthol is stable to base undoubtedly the 
first stage in the conversion of nepenthone into 
isonepenthone is the removal of a proton from the 
PhCOCH group, with the formation of the enolate 
ion (III). A reasonable second step is then the dis
placement of the phenate ion with the formation of 
the cyclopropane ring, as in III -*■ IV. Analogies 
for this may be cited in the formation of a cyclo
propane ring with the displacement of a bromide ion 
from the compounds VII and VIII, which give the 
compounds VIIA and IX, respectively on treat
ment with alkali3'4 and the formation of thebainone 
A6'7-enol methyl ether (XI, R = OMe) from co
deine methyl ether (X) on treatment with sodium

(3) C. F. H. Allen and H. P. Bridges, J. Am. Chem. Soc., 
51, 2151 (1929).

(4) O. F. H. Allen and W. E. Barker, J. Am. Chem. Soc.,
54, 736 (1932).

(»1  O 'O  (vin) 0 * )

ethoxide5 and of /3-ethylthiocodide (XI, R = SEt) 
on treatment of a-ethylthiocodide (XII) with 
alkali.6'7

If this process is involved, however, some subse
quent changes must take place, as isonepenthone 
in non-phenolic. A plausible further step is the 
opening of the cyclopropane ring by attack by the 
phenate ion, as in IV -*■ V, giving the enolate ion V, 
which would be discharged under reversible con
ditions to give the most stable epimer of the 
ketone. Examination of models shows that the 
non-bonded interactions are least in the epimer 
VI; a model of this substance can be constructed 
without strain, and this is assumed to be the struc
ture of isonepenthone. All the reactions may be 
regarded as reversible, but presumably isonepen
thone is less strained than nepenthone; in any case 
it is removed from the reaction mixture by crystal
lization, and thus the reactions would proceed in 
one way only.

The structure VI =  X III represents isonepen
thone as the mixed acetal of an a,/3-unsaturated

(*>») (X iv) W

(5) L. F. Small and G. L. Browning, J. Org. Chem., 3, 
618 (1939).

(6) R. Pschorr, Ann., 373, 1 (1910).
(7) D. E. Morris and L. F. Small, J. Am. Chem. Soc., 56, 

2159 (1934).
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ketone, and acid hydrolysis would be expected to 
proceed readily, as is actually observed, to give 
the phenolic a,d-unsaturated ketone, i/'-nepen- 
thone (XIV). A model of the structure VI shows 
that the double bond of isonepenthone is less hin
dered than that of nepenthone, and whereas the 
latter is resistant to hydrogenation, isonepenthone 
can be reduced in ethanolic solution at 50° to 
dihydroisonepenthone, which is phenolic. In VI =  
XII the double bond is part of an allylic ether sys
tem, which could suffer 1:4-reduction to give the 
phenol XV, which structure is proposed for di- 
hydroisonepenthone; the double bond of XV, being 
part of an enol ether system, would be expected 
to resist further reduction. Bases in the morphine 
series in which the oxide ring is part of such an 
allylic ether system are readily reduced with the 
opening of the oxide ring and the production of 
phenols, c.g. dihydrothebaine (XVI) can be re-

<*vm)

duced to dihydrothebainone A5-enol methyl ether
(XVII).8

As formulated in XV dihydroisonepenthone is an 
enol ether and, like dihydrothebainone A6-enol 
methyl ether (XVII), would be expected to be very 
readily hydrolyzed to the corresponding ketone, 
and in fact on treatment with dilute acid this base 
affords clihydro-i/'-nepenthone (XVIII), also ob
tainable by the catalytic reduction of i/'-nepenthone
(XIV). This ketone, as expected on the basis of the 
structure XVIII, shows bands at 1703 cm.-1 
(5.86/x) and 1668 cm.-1 (6.0^) in the infrared spec
trum, attributable to the saturated and aromatic 
carbonyl groups, respectively.

Isonepenthone on reduction with sodium boro- 
hydride affords isonepenthol (XIX), and this, like 
the parent ketone, is very readily hydrolyzed by 
acids, giving i/'-nepenthol (XX), also obtainable by 
the sodium borohydride reduction of i/'-nepenthone
(XIV). The reduction of only one of the two car
bonyl groups of i/'-nepenthone under these condi
tions may be attributed to the fact that, as shown 
in XXI, only the aromatic carbonyl group of this 
compound is easily accessible to attack b}r a hy
dride ion; the a/l-unsaturated carbonyl group is 
effectively screened by the other parts of the 
molecule.

The structures assigned to i/'-nepenthone (XIV) 
and i/'-nepenthol (XX) show a skeletal resemblance 
to that proposed for flavonepenthone (XXIII),2 
and in fact i/'-nepenthol should give flavonepen-

(8) K. W. Bentley, Sir Robert Robinson, and A. E. Wain,
./. Chem. Soc., 958 (1952).

thone simply on dehydration. This dehydration 
was effected with formic acid, but it was also 
found that the hydrolysis of isonepenthol (XIX) to 
i/'-nepenthol (XX) with hot 5% hydrochloric acid 
was always accompanied by some dehydration of 
the product and flavonepenthone was recovered 
from the products of this reaction in about 50% 
yield. The production of flavonepenthone under 
such mild conditions strongly supports the view that 
the 1:2-shift of the bridge occurs in the original 
base-catalyzed conversion of nepenthone into 
isonepenthone, and hence the formulas assigned 
above to the compounds of the isonepenthone- 
i/'-nepent,hone series. Flavonepenthone is easily 
obtained in very good yield from isonepenthol and 
i/'-nepenthol by heating with concentrated hydro
chloric acid and acetic acid, but as this treatment 
also brings about the rearrangement of nepenthol 
to flavonepenthone,2 only the production of the 
last-named base under the milder conditions re
ported above has significance to the present dis
cussion.

As previously mentioned, in the early experiments 
two bases different from isonepenthone were ob
tained after heating nepenthone for five hours with 
5% methanolic sodium hydroxide. These two bases, 
compound-X and compound-Y, were obtained 
in yields of about 10%.

Compound-X has the composition C29II33O5N 
(i.e. isonepenthone +  CH3OH) and contains three 
methoxyl groups. I t is phenolic and ketonic (infra
red band at 1680 cm.-1, 5.96¡j), and on hydrolysis 
with dilute acid it affords i/'-nepenthone in good 
yield. Compound-Y, which also contains three 
methoxyl groups, is isomeric with compound-X, 
is phenolic but non-ketonic, and also affords i/'- 
nepenthone in good yield on hydrolysis with dilute 
acid.

As both these substances are produced after 
prolonged treatment of nepenthone with alkali 
it is reasonable to suppose that they are further 
transformation products of isonepenthone, which is 
known to be present in the mixture after ten 
minutes. The hydrolysis of each of them to i/'- 
nepenthone with the loss of CH3 and CH30  indi
cates that no skeletal rearrangement is involved
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in their production from isonepenthone, and sug
gests that they are both acetals of ¿'-nepenthone, 
and the non-ketonic nature of compound-Y indi
cates that if this is so the aromatic carbonyl group 
must also be involved in some way in the acetal 
system in this base.

Mechanistically the formation of compound-X 
could be represented as the displacement of the 
phenate ion in isonepenthone by the direct attack 
of a methoxide ion, as in XX I V. giving XXV as the 
structure of compound-X, which would then be 
^-nepenthone dimethyl acetal. Such a process is 
stereochemically acceptable, as the site of the at

om ,<0

tack by OMe is relatively unhindered. i/'-Xepen- 
thone would then arise from compound-X by the 
simple hydrolysis of the acetal system of XXV. 
Alternatively the phenate ion could be displaced 
as shown in XXVI. in which case compound-X 
would have the structure XXYII, and would be 
methoxydihydroisonepenthone. The hydrolysis of 
this end ether would give the /8-methoxyketone, 
from which methanol would be easily eliminated, 
giving ^-nepenthone.

If the aromatic carbonyl group is to participate 
in the acetal formation, as it apparently does in 
the formation of compound-Y, epimerization of the 
—CHCOPh group of isonepenthone must occur as 
a first step. Presumably in alkaline solution iso
nepenthone (VI) will be in equilibrium with the 
presumably less stable epimer XXVIII, and in this 
attack by OMe-  could occur with displacement of 
the phenate ion as shown in XXVIII, giving XXIX 
as the structure cf compound-Y. The alternative 
process shown in XXX can be envisaged, giving

XXXI as the structure of compound-Y, but seems 
less likely on steric grounds. Both XXIX and XXXI 
on treatment with dilute acid would be expected 
to give ^-nepenthone XXI -*■ XIV with the re
generation of the two carbonyl groups, and the 
epimerization of the —CHCOPh group to the 
more stable form.

Attempts to probe the structures of the com
pounds of the isonepenthone-i/'-nepenthone series 
further by degradation proved unsuccessful; none 
of the compounds could be induced to form quater
nary salts or V-oxides, and the various oxidation 
processes that were tried gave intractable materials. 
Accordingly the validity of the structures proposed 
above rests on their success in explaining a com
plex of data. That being so the possibility that 
isonepenthone is the originally expected epimer of 
nepenthone cannot be rejected without serious 
consideration. It was discounted earlier in this 
discussion on the basis of the marked difference 
in stability of nepenthone and isonepenthone 
towards dilute acids. Nepenthone is assigned the 
part-structure XXXII, and it is conceivable that 
the epimeric structure XXXIII might undergo 
oxide ring fission in acids under conditions in which
XXXII does not, as a result of the participation 
of the carbonyl group as shown in XXXIII —>
XXXIV. However, the resulting carbonium ion 
XXXIV could reasonably be expected to have 
only two alternative fates, viz. reaction with water 
with the addition of a hydroxyl group and the 
formation of a non-ketonic hemi-acetal, or the 
stereochemically favorable further rearrangement 
with a l:2-shift of the ethylenic bridge, to give the 
(3-diketone represented by the part-structure
XXXV. If this occurred then î/'-nepenthone would 
have the structure XXXVI, which it cannot have 
if the structure XXIII assigned to flavonepen- 
thone2 is correct.

A rearrangement of the type shown in XXXIII 
—► XXXV would be expected to require much more
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vigorous conditions than those found to be re
quired for the conversion of isonepenthone into 
i/'-nepenthone. Moreover the transformation of 
isonepenthol into i/'-nepenthol by a similar process 
would involve the participation of the alcoholic 
hydroxyl group as shown in XXXVII, and would 
lead to the cyclic ether XXXVIII, from which a 
ketone can be obtained only by the further rear
rangement XXX V111->XXX IX, which would 
result in the representation of i/'-nepenthol by the 
part-structure XXXIX, i.e. as a saturated ketone, 
which is contrary to observation. Finally, if iso
nepenthone were the epimer of nepenthone there 
is no reason why the reduction of the former should 
afford a phenolic dihydro-compound (dihydroiso
nepenthone) that gives a ketone (dihydro-i/-- 
nepenthone) on hydrolysis. Attempts to prepare 
enol acetates of nepenthone and isonepenthone, 
which would be identical if the. two compounds 
were epimers, were unsuccessful; nepenthone was 
always recovered unchanged, and isonepenthone 
gave acetyl-y/-nepenthone enolacetate.

These arguments must lead to the rejection of 
the possibility that isonepenthone is the epimer of 
nepenthone, and indirectly support the structures 
assigned above to the compounds of the isonepen- 
thone-i/'-nepenthone series.

E X P E R IM E N T A L

Isonepenthone. Nepenthone (15 g.) was heated under reflux 
in methanol (300 ml.) and sodium hydroxide (15 g.) was 
added to the boiling solution. After the sodium hydroxide 
had completely dissolved (in about 5-10 min.) the solution 
was seeded with isonepenthone, when extensive crystal
lization occurred in the reaction mixture. In the absence of 
seeds crystallization either occurred spontaneously after 
some time or could be induced by vigorous scratching of 
the walls of the reaction flask. If crystallization did not 
occur and the heating was continued for 4 hr. no isonepen
thone could be recovered from the mixture, only compounds 
X and Y  (see below) being obtained. The isonepenthone was 
collected, washed with cold methanol, and recrystallized 
from ethanol, when it was obtained as colorless needles, 
m.p. 174°, followed by resolidification and remelting at 
188°. M 2d° -3 7 °  (CHCh, c 0.39): 244, 289 mM, emax
21,880, 2,180.

Anal. Calcd. for C28H 90 4N: C, 75.8; H. 6.0; (2)OMe. 
14.0. Found: C, 75.7; H, 6 .6 ; O lle, 14.5%.

Attempts to prepare salts of this base afforded only 
derivatives of ^-nepenthone.

Compounds X  and F. Nepenthone (15 g.) was heated under 
reflux with methanol (300 ml.) and sodium hydroxide (15 g.) 
for 4 hr. In the initial experiments crystallization of iso
nepenthone did not occur. The methanol was removed under 
reduced pressure and water (200 ml.) wTas added. The organic 
material was extracted with ether, and the washed and dried 
ether extract was evaporated, leaving a mass of yellow 
crystals (3.0 g.), m.p. about 195°, [«Ik8 —69° (CHCI3, 
c 0.62). This material consisted of a mixture of two bases 
which were separated as follows. The mixture was dissolved 
in chloroform (50 ml.) and the solution evaporated to a 
sirup, and diluted with ethanol (30 ml.). After several days 
a mat of colorless needles had separated, and in this was 
embedded clumps of yellow needles. The two types of 
crystal were separated by hand picking, and the bases re- 
crystallized from ethanol.

Compounel-X was obtained as regular colorless rods, m.p.

216°, [a]2D° -1 0 °  (CHCI3, c 0.50), Xmax 2400, 2810 A, 
fmax 27,540, 10,470.

Anal. Calcd. for C2 9H 33O5N: C, 73.2; H. 7.0: (3)OMe,
19.6. Found: C, 73.6; H, 7.2; OMe, 20.0%.

This base gave an immediate red color with diazotized 
sulfanilic acid in alkaline solution, and gave a blue-green 
color with quinone chloroimine.

Compou-ni-Y. This was obtained as bunches of pale yellow 
needles m.p. 225°, [a ] 2D5  —101° (CHC13, e. 0.39), Xmai 240, 
281 mM, e „ ,  19,950, 3,390.

Anal. Calcd. for C^HaaCkN: C, 73.2; H, 7.0; (3)OMe,
19.6. Founc: C, 73.2: H, 7.1; OMe, 20.0%.

This base gave an immediate red color with diazotized 
sulfanilic acid, in alkaline solution, and a blue-violet color 
with quinone chloroimine.

Dihydroisonepenthone. Isonepenthone (5.0 g.) was shaken 
with hydregen in alcohol ( 2 0 0  ml.) in the presence of 
platinum oxide (0.1 g.) at 50°. After 2.5 hr. about three 
quarters of a molar equivalent of hydrogen had been 
absorbed and hydrogenation had become very slow. The 
catalyst was removed and the solution concentrated to 75 
ml. and cooled, when 3.77 g. of dihydroisonepenthone was 
obtained. Recrystallization of this material from ethanol 
gave the base as colorless needles, m.p. 195°, [a ] 2D2  —118° 
(CHCh, c 0.57), \,na,  240, 279 m«, ema* 20,890, 2,630.

Anal. Calcd. for CMIsiOjN: C, 75.4; H, 7.0. Found: 
C, 75.3; H, 6.9%.

The base gave an immediate red color with diazotized 
sulfanilic acid in alkaline solution, a deep blue color with 
quinone chloroimine and an olive-green color with alcoholic 
ferric chloride.

Isonepenthol. Isonepenthone (5.0 g.) was suspended in 
methanol (190 ml.) and heated under reflux with sodium 
borohydride (0.40 g.) until a clear solution was obtained. 
The mixture was then evaporated to small bulk and diluted 
with water, when isonepenthol (4.4 g.) was obtained. Re- 
crystallization of this material from 60% ethanol afforded 
the base as colorless prisms m.p. 238°, [a ] ) , 8 +69° (CHCI3, 
0  1.13).

Anal. Calcd. for C2sH.31O.1N: C, 75.4; H, 7.0. Found: 
C. 75.5; H, 7.1%.

The base gave no color with diazotized sulfanilic acid or 
with quinone chloroimine.

The Mec-rwein-Ponndorf reduction of isonepenthone was 
complicated by the difficulty of isolating the product in the 
presence of aluminum hydroxide without acidification of 
the mixture. However isonepenthol was clearly formed since 
acidification of the mixture resulted in the isolation of 
%nepenthol (see below).

d-Nepenthone. (a) From isonepenthone. Isonepenthone (2.0 
g.) was dissolved in boiling ethanol (50 ml.) and a boiling 
solution of picric acid (2 g.) in ethanol (25 ml.) was added 
to the solution. Yellow crystals of d-nepenthone picrate (2.90) 
separated almost at once. The salt was collected and washed 
with ethanol, when it was obtained as yellow needles, m.p. 
245°.

Anal. Calcd. for CnH^ChN.CslhANs: C, 60.1; H. 4.6; 
X, 8.5. Found: C, 60.0; H, 4.6; H, 8.1%.

\(/-Nepenihone was recovered from the picrate bv shaking 
the salt (2 . 0  g.) with dilute ammonia solution and benzene. 
The benzene layer was separated, washed once with dilute 
ammonia solution, and evaporated, when 1.32 g. of the base 
was obtained. This was recrystallized from ethanol, when 
it was recovered as colorless rods, m.p. 2 0 2 °, [a ] 2D3  —6 8 ° 
(CHCh, c 0.73), Xmax 238, 284 mM, w  20,890. 3,160.

Anal. Calcd. for C2,H 270 4N: C, 75.5; H, 6.3; (l)OMe, 7.2. 
Found: C, 75.4; H, 6.4; OMe, 7.8%.

The base gave an immediate red color with diazotized 
sulfanilic acid in alkaline solution, and a blue-green color 
with quinone chloroimine.

i/-Nepenthone was also obtained from isonepenthone by 
dissolving the latter in hydrochloric acid and pouring the 
solution into hot water. The crystalline salt so obtained 
was shaken with ammonia and benzene, when i7 -nepenthone
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was recovered from the benzene layer. I t  was also obtained 
by dissolving isonepenthone in cold glacial acetic acid, dilut
ing the solution a t once with water, and neutralizing with 
sodium carbonate. In both cases the base was identical with 
that prepared as above through the picrate.

(b) From compound-X. Compound-X (0.50 g.) was dis
solved in concentrated hydrochloric acid (4 ml.) and the 
solution immediately poured into hot water (20 ml.). Color
less crystals (0.50 g.) separated and were collected and con
verted into the base by shaking with warm aqueous sodium 
carbonate and benzene. The dried benzene solution was 
evaporated and the residue recrystallized from methanol, 
when ^-nepenthone was obtained (0.32 g.) as colorless rods, 
m.p. 203° undepressed on mixing with material prepared 
from isonepenthone.

(c) From compound-Y. Compound-Y (0.50 g.) was hydro
lyzed under the same conditions as those used from the 
hydroljrsis of Compound-X, and afforded 0.34 g. of \p- 
nepenthone, m.p. 203°, undepressed on mixing with material 
prepared from isonepenthone.

Acetyl-p-nepenthonc. ^-Xepenthone (1 g.) was allowed 
to stand for 17 hr. at room temperature in acetic anhydride 
(10 ml.) and pyridine (10 ml.). The mixture was then 
poured into water, treated with aqueous ammonia, and the 
precipitated base extracted with ether-chloroform mixture. 
The extracts on evaporation afforded a residue that crystal
lized from methanol, when acetyl-\p-nepenthrme (0.67 g.) 
was obtained as colorless needles m.p. 174°.

Anal. Calcd. for Cs»H„05N: C, 73.9; K, 0.2: OAc, 9.1. 
Found: C, 73.8; H, 6.4; OAc, 9.8%.

Acetyl-'p-nepenthone enol acetate. ^-Nepenthone (0.80 g.) 
was heated under reflux with acetic anhydride (50 ml.) and 
fused sodium acetate (0.2 g.) for 8  hr. The volatile materials 
were removed under reduced pressure at 1 0 0 ° and the residue 
was repeatedly extracted with acetone. Evaporation of the 
acetone extracts and recrystallization of the residue from 
methanol afforded acctyl—p-nepenthone enol acetate (0.64 g.) 
as colorless needles, m.p. 204°, depressed to 184° on mixing 
with \7 -nepenthone.

.4na!. Calcd. for (hiHnOsY: C, 72.5; H, 6 .0 . Found: 
C, 72.3; H, 5.8%.

The same substance was obtained when isonepenthone 
was treated in the same way, but a similar experiment with 
nepenthone yielded only unchanged starting material.

Dihydro-4-nepenthone. (a) From p-neperUhone. p-'Xepen- 
thone (3.28 g.) was shaken under hydrogen at 50° in ethanol 
(200 ml.) in the presence of platinum oxide (0.1 g.). After 
about 2  hr. one molar equivalent of hydrogen had been 
absorbed. The mixture was then filtered from catalyst and 
evaporated, and the residue was recrystallized from ethanol, 
when dihydro-p-nepenthone (2.25 g.) was obtained as color
less rods, m.p. 191°, [a ] lD9 —77° (CHOlj, c 0.34). X„lal 235, 
277 mM, f« „  19,950, 3,390.

Anal. Calcd. for O+H-oOiN: C, 75.2; H. 6 .8 . Found: 
C, 75.2; II, 6.7%.

The base gave an immediate red color with diazotized 
sulfanilic acid in alkaline solution, an olive-green color with 
alcoholic ferric chloride and a blue-green color with quinone 
chloroimine.

(b) From dihydroisonepenthone. Dihycroisonepenthone 
(0.50 g.) was dissolved in hydrochloric acid (5 ml.) and the 
solution was poured into hot water (20 ml.). The solution 
was basified with ammonia after 1  min., and the precipitated 
organic base was extracted with ether. Evaporation of the 
ether extract afforded a solid residue, which was recrystal
lized from methanol, when dihydro-^-nepenthone (0.4 g.)

was obtained as colorless rods, m.p. 191° undepressed on 
mixing with material prepared bv the reduction of \l-nepen- 
thone, [a]1!? -7 9 °  (CHCh, c 0.24).

p-Nepenthol. (a) From p-nepenthone. i/'-Nepenthone (2.0 
g.) was heated under reflux with methanol ( 1 0 0  ml.) and 
sodium borohydride (0.35 g.) for 10 min. The solution was 
concentrated to 50 ml., and hot water (60 ml.) was added, 
causing the separation of 1.35 g. of fine needles. These were 
collected and recrystallized from 70% ethanol, when p- 
nepenthol was obtained as colorless needles, m.p. 313°, 
[a ] lD9  +64° (CHCh, c 0.84).

Anal. Calcd. for C37H2 9O4N: C, 75.2; H, 6 .8 . Found: 
C, 75.5; H, 6.9%.

The base gave an intense red color immediately with 
diazotized sulfanilic acid in alkaline solution, and a deep 
green color with quinone chloroimine.

(b) From isonepenthol. Isonepenthol (2.0 g.) was dissolved 
in cold 5N  hydrochloric acid (10 ml.) and the solution 
poured into boiling water ( 1 0 0  ml.). Colorless needles 
soon began to separate, and after 2  hr. cooling these were 
collected. The liquors were basified with ammonia and the 
precipitated base was collected and recrystallized from 70% 
ethanol, when i/-nepenthol (0.33 g.) was obtained as color
less needles, m.p. 313°, undepressed on mixing with mate
rial prepared by the reduction of i/'-nepenthone.

The needles that separated in the acid solution (1.05 g.) 
were dissolved in hot water and converted into the base by 
treatment with sodium carbonate solution. Recrystallization 
of the base afforded 0.65 g. of flavonepenthone as colorless 
rods, m.p. 263° alone or mixed with flavonepenthone. 5  

[«]“  +32° (CHCh, c 0.41) (flavonepenthone [«I'd +33°).
Flavonepenthone. (a) From p-nepenthol. ^-Nepentho! (0.5 

g.) was heated with anhydrous formic acid ( 1 0  ml.) for 16 
hr. on the water bath. Dilution of the mixture with water 
(50 ml.) and addition of ammonia solution precipitated 
flavonepenthone (0 . 2  g.), which was collected and recrystal
lized from ethanol, when it was obtained as colorless rods, 
nYp. 262°, undepressed on mixing with an authentic speci
men of flavonepenthone.

The base was more conveniently obtained by heating p- 
nepenthol ( 1 . 1 0  g.) in glacial acetic acid ( 6  ml.) and concen
trated hydrochloric acid ( 6  ml.) under reflux for 5 hr. Dilu
tion of the mixture with water ( 2 0  ml.) resulted in the 
precipitation of a crystalline salt (0.80 g.). This was collected 
and converted into the base by treatment with hot aqueous 
sodium carbonate. The base was recrystallized from ethanol, 
when flavonepenthone (0.51 g.) was obtained as colorless 
rods, m.p. 262°, undepressed on mixing with an authentic 
specimen of flavonepenthone.

(b) From isonepenthol. In addition to the production of 
flavonepenthone during the hydrolysis of isonepenthol to 
i/'-nepenthol, it was prepared most conveniently from this 
base as follows. Isonepenthol (1.3 g.) was heated with glacial 
acetic acid ( 6  ml.) and concentrated hydrochloric acid ( 6  

ml.) under reflux for 5 hr. Dilution of the mixture with water 
( 2 0  ml.) precipitated flavonepenthone hydrochloride (0.82 
g.) from which flavonepenthone (0.53 g.) was recovered as 
colorless rods m.p. 262°, undepressed on mixing with a 
specimen of flavonepenthone.
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The iodination of 7-hydroxy- and 5-hydroxy-4-methyIcoumarin and their methyl ethers using different molecular propor
tions of iodine monochloride, iodine and iodic acid, and iodine and ammonia aas been studied. The results obtained are given 
in Table I.

In their studies on the bromination of coumarin 
derivatives Sethna and co-workers1,2 found that in 
the case of 7-hydroxycoumarin derivatives and 
their nieth3'l ethers the first bromine atom in all 
cases enters the pvron ring in the 3-position and the 
subsequent bromine atoms enter the benzene ring. 
In the 5-hydroxycoumarin derivatives, however, 
the first bromine atom was found to enter the ben
zene ring in the 8-position. I t was thought of 
interest to see whether the same pattern would 
follow in the iodination of these coumarin deriva
tives.

7-Hydroxy-4-methylcoumarin(I, R,Ri,R2,R3 = 
H) on iodination with one mole of iodine mono
chloride gave a monoiodo derivative. The methyl 
ether of this did not give a coumarilic acid deriva
tive on heating with alkali which indicated that the 
iodine atom had not entered the 3-position. The 
methyl ether when subjected to Elbs persulfate 
oxidation gave a good yield of the oxidation prod
uct thus indicating that the 6-position must be free, 
for the Elbs persulfate oxidation of 6-substituted 
coumarins is very difficult.3 7-Hydroxy-8-iodo-4- 
methylcoumarin (I, R,R2,R3 = H; Ri = I) struc
ture has therefore been assigned to the iodination 
product and 6-hydroxy-7-methoxy-8-iodo-4-methyl- 
coumarin (I, R = CH3; Ri = I; R2 = OH; R3 = H) 
structure to the Elbs persulfate oxidation product. 
The mother liquor from the crystallization of the
8-iodo derivative left a mixture from which no other 
pure product could be isolated. 7-Methoxv-4- 
methylcoumarin (I, R = CH3; Ri,R3 = H) on iodi
nation with one mole of iodine monochloride gave a 
monoiodo derivative which was different from the 
methyl ether of 7-hydroxy-8-iodo-4-methylcou- 
marin. On hydrolysis this product gave a couma
rilic acid derivative which was found, on direct 
comparison to be the same as 6-methoxy-3- 
methylcoumarilic acid (II, R,R],R2 = H) obtained 
on hydrolysis of 7-methoxy-3-bromo-4-methyl-

( 1 ) V. J. Dalvi and S. M. Sethna, J. Indian Chem. Soc , 26, 
359 (1949).

(2) S. S. Lele, R. J. Parikh, and S. M. Sethna, J. Indian 
Chem. Soc., 30, 610 (1953).

(3) V. J. Dalvi, R. B. Dosai, and S. M. Sethna, J. Indian 
Chem. Soc., 28, 366 (1951).

coumarin.4 The monoiodo product is therefore
7-methoxv-3-iodo-4-metbylcoumarin (I, It = CII3; 
R1,R, = H ; R Í = I).

On iodination with two moles of iodine mono
chloride I (R,Ri,R2,R3 = H) did not give a pure 
product. However, on iodination with 4 moles of 
iodine monochloride it gave two diiodo derivatives 
(A) m.p. 265° and (B) m.p. 248-250°. The methyl 
ether of (A) gave a monoiodo coumarilic acid 
derivative indicating that one of the two iodine 
atoms had entered the 3-position. Further, this 
methyl ether was found to be the same as the 
product obtained on further iodination of 7- 
methoxy-8-iodo-4-methylcoumarin with iodine 
monochloride. (A) is therefore 7-hydroxy-3,8- 
dnodo-4-methylcoumarin (I, R,R2 = H; Ri,R3 = I). 
The methyl ether of (B), also obtained by the 
iodination of 7-methoxy-4-methylcoumarin with 
excess of iodine monochloride (6 moles), also gave 
a monoiodo coumarilic acid derivative. It has there
fore the alternate structure: 7 -hy d r oxy-3,6-d ii od o-
4-methvlcoumarin (I. R,Ri = H; R2,R3=I).

On iodination with excess of iodine mono
chloride I (R,Ri,R,2,R3 = II) gave a triiodo deriva
tive, the methyl ether of which on hydrolysis gave 
a diiodo coumarilic acid derivative which must be
6-methox.y-5,7-diiodo-3-meth.ylcoumarilic acid (II, 
R = CH3; Ri,R2 = I). The triiodocoumarin is there
fore 7-hydroxy-3,6,8-triiodo-4-methylcoumarin (I, 
R = I I ; R1R2,R3=I). I (R = CII3; R1iR2,R3 = H) 
did not give any triiodo derivative even on iodi
nation with a large excess of iodine monochlorido.

With one mole of iodine monochloride 5-hv- 
droxy-4-methylcoumarin (III, R,Ri,R2 = H) gave 
a monoiodo derivative. This on méthylation gave a 
product which was the same as the product ob
tained on iodination of 5-methoxy-4-methylcou-

(4) D. B. Limavo and N. V. Bhide, Rasayanam, 1, 136
(1938) [Chem. Abstr., 33, 1699 (1939).]
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marin (III, R = CH3; R i,R2 = H) with one mole of 
iodine monochloride. It did not give any collinari J'" 
acid derivative on heating with alkali. Further, on 
Elbs persulfate oxidation it gave a product in good 
yield indicating that the 6-position was free. The 
products obtained on iodination are therefore the
8-iodo-derivatives: (III, R,R2 = H; Ri = I and III, 
R = CH3; R i = I; R2 = H respectively). On iodina
tion with 4 moles of iodine monochloride III 
(R = CH3; R i,R2 = H) gave only the above mono- 
iodo derivative. However, with a large excess of 
iodine monochloride (16 moles) it gave a diiodo 
derivative, the methyl ether of which did not give 
any coumarilic acid derivative. The diiodo deriva
tive is therefore 5-hydroxy-6,8-diiodo-4-methyl- 
coumarin (III, R = H; R!,R2 = I). III(R,R i,R2 = H) 
did not give any triiodo derivative even with a 
large excess of iodine monochIoride.III(R = CH3; 
R i,R2 = H) did not give even the diiodo derivative 
with large excess of iodine monochloride.

Iodination was also carried out using iodine in 
the presence of iodic acid. It was assumed that the 
reaction took place according to the following equa
tion :

5RH +  41 +  H I0 3 =  5 RI +  3H20

I (R,Ri,R2,R3 = H) on iodination using the above 
molecular proportions gave a mixture of iodo 
derivatives from which only the 8-iodo derivative 
(I, R,R2,R3 = H; Ri = I) could be easily isolated. 
When the proportions of iodine and iodic acid were 
doubled the triiodo derivative (I, R = H; Ri, 
R2,R3 = I) was obtained. The diiodo derivative 
could not be isolated. I (R = CH3; Ri,R2,R3 = H) 
could not be iodinated by this method under 
similar conditions. III(R,R i,R2 = H) on iodination 
using the molecular proportions given in the above 
equation gave 5-hydroxy-6,8-diiodo-4-methylcou- 
marin (III, R = H; R!,R2 = I). The moniodo 
derivative could not be isolated. On iodination 
with double the quantity of iodine and iodic acid 
only the 6,8-diiodo product was obtained. The 
diiodo product was found to be unstable and on 
prolonged stirring of the reaction mixture iodine 
was liberated. Iodine was also liberated on crystal
lization from hot acetic acid. On refluxing the di
iodo derivative with 10% sodium hydroxide the 
iodine atoms were removed and III(R,R i,R2 = H) 
was obtained. I l l  (R = CH3; Ri,R>=H) could not 
be iodinated at all under similar conditions.

Iodination of the above coumarins with iodine 
in potassium iodide solution in die presence of 
ammonia has also been studied. I (R,Ri,R2,R3 = H) 
with one mole of iodine gave the 8-iodo-derivative 
I(R,R2,R3=H ); R i = I) described above. With two 
moles however it gave a diiodo derivative the 
methyl ether of which remained unchanged on 
boiling with alkali. Further iodination of this com
pound using iodine and iodic acid gave the 3,6,8- 
triiodocoumarin (I, R = H; R i,R2,R3=I). The di-

iodo derivative is therefore 7-hydroxy-6,8-diiodo-
4-methylcoumarin(I, R,R3 = H; Ri,R2 = I) not ob
tained by the above two methods. On refluxing this 
diiodo coumarin with 10% sodium hydroxide the 
pyrone ring opened up and an acid was obtained 
to which the /3-methyl-2,4-dihydroxy-3,5-diiodocin- 
namic acid structure has been assigned. I(R = CII3; 
R i,R2,R3=H) could not be iodinated at all by this 
method.

I l l  (R,Ri,R2 = H) on iodination with one mole 
of iodine by this method gave a mixture of a mono- 
iodo derivative and a diiodo derivative. The mono- 
iodo derivative was found to be different from III 
(R,R2 = H; R i = I) described above and its methyl 
ether did not give any coumarilic acid derivative on 
boiling with alkali nor did it undergo Elbs per
sulfate oxidation. The monoiodo derivative was 
therefore 5-hydroxy-6-iodo-4-methylcoumarin (III, 
R,Ri = H; R2 = I). The diiodo derivative was 
found, on direct comparison, to be the 6,8-diiodo 
derivative (III, R = H; R i,R2 = I). This was ob
tained in excellent yield by iodination with two 
moles of iodine. No triiodo derivative could be pre
pared by this method. I l l  (R = CH3; R1;R2 = H) 
could not be iodinated at all by this method.

E X P E R IM E N T A L

General iodination procedures. The molecular proportions 
of the starting material and iodine are given in Table I.
(A) With iodine monochloride. The coumarin derivative (2 
g.) was dissolved in a minimum quantity of glacial acetic 
acid or alcohol and hydrochloric acid (d 1.11; 15 ml.) was 
added. The mixture was then added to a weighed amount 
of iodine monochloride. The reaction mixture was then 
kept in an oven a t 50° for 24 hr. I t  was shaken occasionally. 
The separated iodo derivative was then filtered and washed 
with the same solvent and then crystallized from acetic acid. 
In the case of 7-hydroxv-4-methylcoumarin the solvent 
used was acetic acid and in the case of 5-hydroxy-4-methyl- 
coumarin it was alcohol. In the case of methoxycoumarin 
derivatives acetic acid was used as solvent. I t  was found in 
the case of methoxycoumarins that the iodination products 
were not readily obtained if hydrochloric acid was used and 
hence it was not used.

(B) With iodine and iodic acid. The coumarin derivative 
(2 g.) was dissolved in alcohol bjT warming and the required 
quantity of iodine crystals were added. To the warm dark 
colored solution obtained the required amount of iodic acid 
dissolved in water was added with stirring. The reaction mix
ture was stirred for 2 hr. further and the iodo derivative 
which separated was filtered and washed with alcohol. I t 
was crystallized from acetic acid.

(C) With ammonia and iodine. The coumarin derivative 
(2 g.) was dissolved in ammonium hydroxide (20%; 50 ml.) 
and the required amount of iodine dissolved in potassium 
iodide solution was added drop-wise with stirring at room 
temperature during 0.5 hr. The reaction mixture was stirred 
for a further 1-2 hr. If any product separated it was filtered 
and washed with ammonia. The filtrate was then poured 
into excess of dilute ice cold sulfuric acid. The precipitate 
obtained was washed with water and crystallized from acetic 
acid. The monoiodo derivatives remained in solution in 
ammonia while the diiodo derivatives separated out as 
ammonium salts which on crystallization from acetic acid 
gave the free iodo derivatives.

Preparation of the methyl ethers. The iodo derivatives of 
the hydroxycoumarins were methylated by refluxing their
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TABLE I

Iodinating
Agent and M.P., Yield, Analysis, Iodine %

Coumarin Proportions“ Product Obtained6 °C.C % Formula Found Required

7-Hydroxy-4-methyl- A (1:1) 8 -Iodo 268 25 C10H 7O3I 41.91 42.06
(I, R, Rj, R-2 , R 3 = B (5:2:1) (I, R, R2, R s = H; R, = I) 40

H) C (1:1) . 82
A (1:4) 3,8-Diiodo- 264 2 2 C.oHeOalj 58.75 59.34

(I, R, R 2 = H; R,, R 3 =  I) 
3,6-Diiodo-
(I, R, R, =  H; Rj, R 3 = I)

249 40 C10ÏÏ 6O3Ï 2 59.12 59.34

A (1:16) 3,6,8-Triiodo-
(I, R  =  H; Rj, Rj, R 3 = I)

254 36 O10H 5Ü3I 3 68.69 68.77
B (5:4:2) 59
C (1:2) 6 ,8 -Diiodo-

(I, R, R 3 = H; R,, Rj =  I) 
3-Iodo-

230 6 6 ^ 1 0Ü6U3I.2 59.87 59.34

7-Methoxy-4-methyl- ■A (1:1) 162 42 C j j H sO sI 39.85 40.19
(I, R  =  CH3; R j, R 2 , (I, R  =  CH3; R,, R j  = H;

Rs =  H)
A (1:6)

Rs = I)
3,6-Diiodo-
(I, R  =  CH3; R j = H;

248 75 CnH8 0 3l 2 57.34 57.46

R 2 , R 3 =  I)
5-Hydroxy-4-methyl- A (1:1) 8 - 1  odo- 242 38 Cj„H,03I 42.41 42.06
(III, R, R,, R 2 =  H)

A (1:8)
(III, R, Rj =  H; Rj = I) 
6 ,8 -Diiodo- 230 42i CjoHeOsIj 59.28 59.34

B (5:2:1) (III, R = H; R,, R 2 =  I) 6 8 æ
C (1 : 2 ) 73s
C (1:1) 6 -Iodo-

(III, R, Rj =  H; Rj =  I)
175 30 Cj„H70 3I 41.97 42.06

5-Methoxy-4-methyl- A (1:1) 8 -Iodo- 254 42 c „ h 9o3i 39.98 40.19
(III, R = CH3; (III, R = CH3; R j = H;

P3 F II w R j =  I)

A = Iodine monochloride; B =  Iodine +  Iodic acid; C =  NH4OH +  Iodine.
“ The figures in the brackets indicate molecular proportions. A (substance:iodine monochloride), B (substance:iodine:- 

iodic acid), C (substance:iodine). 6  All the iodo derivatives are crystallized from glacial acetic acid. c All melting points are 
uncorrected. Hydroxy iodo derivatives start decomposing about 30-40° below their melting points and finally melt a t the 
above temperatures. Methoxy iodo derivatives are sharp melting. d 5-Hydroxy-6,8-diiodo derivative is unstable and starts 
decomposing on boiling in acetic acid. The yields given are of the crude product.

(I, R  =  CH3; R j =  I; Rj, R 3 = 
H)

6,7-Dimethoxy-8-iodo-4-methyl- 
(I, R  = CH3; R j = I; Rj = 

OCH3; R s =  H)

218 CjjH jjO J

7-Methoxy-3,S-diiodo-4-methyl- 
(I, R  = CH3; R j =  H; R , ,  R 3 = 

I)
7-Methoxv-3,6-diiodo-4-methvl- 
(I, R  = CH3; R ,  = H; R 2, R 3 = 

I)

262 (Jli 14-8̂ 3̂ 2

248 C„H 60 3Ij

7-Methoxy-3,C,8-triiodo-4-methyl-
(I, R  =  CH3; R , ,  R 2 ,  R 3  = I)

217 Cj,H ,0 3I 3

7-Methoxy-6,S-diiodo-4-methyl- 
(I, R  = CH3; R , ,  Rj =  I; R 3 = 

H)

2 1 2 C11H8 0 3 I2

5-Methoxy-8-iodo-4-methyl- 
(III, R  = CH3; R ,  = I; R j = H)

254 ( J 1 1 H 9 U 3 Ì

5-Methoxy-6,8-diiodo-4-methyl- 
(III, R  = CH3; R j, R j =  I)

224 CijH 80 3I 2

5-Methoxy-6-iodo-4-methyl- 
(III, R  = CH3; R j =  H; R j = I)

155 c „ h 9o 3i

41.85 41.77 2.69 2.84 40.46 40.19

41.71 41.62 2.92 3.18 36.91 36.70

29.52 29.86 2.16 1.81 58.03 57.46

29.82 29.86 2.30 1.81 57.34 57.46

23.08 23.25 1 . 0 2 1.23 67.48 67.08

29.92 29.86 1.89 1.81 57.18 57.46

41.80 41.77 3.24 2.84 39.98 40.19

30.20 29.86 1.59 1.81 57.31 57.46

41.91 41.77 2.91 2.84 39.81 40.19

TABLE II
Methyl E thers of the H ydroxy I odocoumarins Mentioned in Table I

C H I

Coumarin
M.P.,
°c. Formula

Re-
F ound quired

Re-
Found quired

Re-
Found quired

7-Methoxy-8-iodo-4-methyl- 199 CijH 90 3I
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acetone solutions with dimethyl sulfate in the presence of 
anhydrous potassium carbonate.

fi-Hydroxy-7-methoxy-8-iodo-4-melhylcoumarin (I, R = 
CH,; R, =  I; R 2 = OH; R, = H). 7-Methoxy-8-iodo-4- 
methvlcoumarin ( 1  g.) was dissolved in sodium hydroxide 
solution (10%, 40 ml.) by warming on a steam bath. I t  was 
then oxidized with potassium persulfate (0.9 g. in 40 ml. 
water) according to the procedure described by Parikh and 
Sethna . 5 The product obtained crystallized from acetic acid 
in plates, m.p. 234°. I t  dissolved in sodium hydroxide solu
tion to give a deep yellow solution.

Anal. Calcd. for CnHgOJ: C, 39.77; H, 2.70; I, 38.30. 
Found: C, 40.22; H, 2.68; I, 38.03.

6-Methoxy-S-methylcoumarilic acid (II, R =  CH3; R t, 
R 2 = H). 7-Methoxy-3-iodo-4-met.hylcoumarin (0.5 g.) was 
refluxed with alcoholic potassium hydroxide (10%, 30 ml.) 
for 2 hr. on a steam bath. The product obtained, on acidi
fication of the diluted solution, was purified through sodium 
bicarbonate solution. I t crystallized from dilute alcohol in 
needles, m.p. 186° (dec.). Mixed melting point with the com
pound prepared by hydrolyzing 7-methoxy-3-bromo-4- 
methylcoumarin '1 was not lowered.

6-Methoxy-7-iodo-8-m.ethylcouma.riUc acid (II, R = CH3; 
Ri = I; Rj = H). 7-Methoxy-3,8-diiodo-4-methylcoumarin 
(0.5 g.) was refluxed with alcoholic potassium hydroxide 
(10%, 40 ml.). The product obtained on working up the 
reaction mixture as above crystallized from glacial acetic 
acid in needles, m.p. 222° (dec.). I t  gave a violet color with 
sulfuric acid.

Anal. Calcd. for C1 1H 9O J: C, 39.70; II, 2.70; I, 38.30. 
Found: C, 40.12; H, 3.12; I, 38.31.

The methyl ester was prepared by refluxing 6-methoxy-7- 
iodo-3-methylcoumariIic acid (0.3 g.) in methyl alcohol 
(25 ml.) with concentrated sulfuric acid (5 ml.) on a steam 
bath for 8  hr. I t  crystallized from dilute alcohol in colorless 
needles, m.p. 180°.

Anal. Calcd. for Ci2HnO J: C, 41.62; H, 3.18; I, 36.70. 
Found: C, 41.72; H, 3.52; I, 36.83.

6-Methoxy-5-iodo-3-methylcoumarilic acid (II, R = CH3; 
Ri =  H; R 2 = I) was obtained from 7-methoxv-3,6-diiodo-
4-methylcoumarin by refluxing with alcoholic potassium 
hydroxide (10%, 40 ml.) as above. I t  crystallized from dilute 
acetic acid in colorless needles, m.p. 218° (dec.). I t  gave a 
violet color with sulfuric acid.

Anal. Calcd. for C„H<,0,I: C, 39.77; H, 2.70; I, 38.30. 
Found: C, 39.81; H, 2.75; I, 38.01. * 27

(5) R. J. Parikh and S. M. Sethna, J. Indian Chem. Soc.,
27, 369 (1950).

The methyl ester was prepared as described before. I t  
crystallized from petroleum ether (60-80°) in colorless 
needles, m.p. 160°.

Anal. Calcd. for C,2H „ 0 4I: C, 41.62; II, 3.18; I, 36.70. 
Found: C, 41.99; H, 2.72; I, 36.81.

6-Methoxy-5,7-diiodo-3-methylcoumarilic acid (II, R = 
CH3; R i, Ri =  I) was prepared from 7-methoxy-3,6,8- 
triiodo-4-methylcoumarin (1 g.) by refluxing with alcoholic 
potassium hydroxide (10% in 50% alcohol) as above. I t 
crystallized from glacial acetic acid in colorless needles, 
m.p. 270° (dec.).

Anal. Calcd. for C nH A R : C, 28.82; H, 1.74; I, 55.46. 
Found: C, 28.76; H, 1.84; I, 55.91.

The methyl ester was prepared as described before. I t  
crvstallized from dilute alcohol in colorless needles, m.p. 
160°.

Anal. Calcd. for C,2HlnO J,: C, 30.52; H, 2.12; I, 53.81. 
Found: C, 30.20; H, 2.61; I, 53.79.

6-Hydroxy-5-methoxy-8-iodo-7t-methylcoumarin (III, R =  
CH3; R i = I; Ri = OH). 5-Methoxy-8-iodo-4-methyl- 
coumarin ( 1  g.) was dissolved in sodium hydroxide ( 1 0 %, 
40 ml.) by warming on a steam bath and by adding a little 
pyridine. I t  was then oxidized with potassium persulfate 
(0.9 g. in 40 ml. water) as described before. The product 
obtained crystallized from acetic acid in needles, m.p. 270°. 
I t  dissolves in sodium hydroxide solution to give a deep 
vellow solution.

Anal. Calcd. for CuH .O J: C, 39.77; H, 2.70; I, 38.30. 
Found: C, 39.81; H, 2.29; I, 38.49.

0-Methyl-2,4-dihydroxy-3,5-diiodocinnamic acid was pre
pared from 7-hydroxy-6,8-diiodo-4-methylcoumarin (1 g.) 
by refluxing with alcoholic potassium hydroxide (10%; 50 
ml.) for 1 hr. I t  crystallized from glacial acetic acid in 
needles, m.p. 242° (dec.). Attempts to cyclize it to the 
original coumarin did not succeed as on boiling with concen
trated hydrochloric acid iodine was liberated.

Anal. Calcd. for CuiHgOiR: C, 26.90; H, 1.79; I, 56.95. 
Found: C, 27.13; H, 1.38; I, 56.72.

Methyl 8-methyl S,4-dim.elhoxy-8,5-diiodocinnamate. Simul
taneous methylation and esterification of the above acid 
was carried out by refluxing its acetone solution with excess 
of dimethyl sulfate in presence of anhydrous potassium car
bonate. I t  crystallized from alcohol in needles, m.p. 169°. 
I t decolorized dilute potassium permanganate solution and 
bromine in acetic acid.

Anal. Calcd. for CkJThO J,: C, 31.96; H, 2.86; I, 52.04. 
Found: C, 31.89; H, 3.19; I, 51.63.

Baroda, I ndia
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R eaction s o f  N itrohyd roxychalcones : S y n th esis  o f  N itrohydroxyflavones
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The conversion of 2',4'-dihydroxy-3'-nitrochalcone derivatives to 7-hydroxy-8-nitroflavone derivatives is described. 
The formation of the 6- and 8-nitro-5-hydroxyflavone derivatives from 2',6'-dihydroxy-3'-nitrochalcone derivatives by 
different routes is described and discussed. Modified procedures for the nitration of 5-hydroxyflavone and 7-hydroxyflavone 
are given.

In an earlier communication,2 the preparation of 
several nitrohydroxychalcones and their isomeriza
tion to the flavanones was reported. The present 
paper deals with the conversion of the chalcones to 
flavones.

As already reported, the cyclization of the 2',4'- 
dihydroxy-3'-nitrochalcones could not be generally 
effected in good yields and hence the only route to 
the synthesis of flavones in this case was the de- 
hydrobromination of the corresponding chalcone 
dibromides. I t was found desirable to protect the 
free hydroxyl groups by acetylation to prevent 
bromination of the benzene ring. The dibromides 
were obtained readily by the bromination of the 
diacetates in chloroform solution. The bromination 
of the chalcones with alkoxy substituents in the 
styryl part did not go to completion with molecular 
proportions of bromine. The dibromides were, 
however, obtained when more than molecular 
proportions of bromine were employed. The 
dehydrobromination of the dibromides was ef
fected by boiling with pyridine, whereupon 7- 
hydroxy-8-nitroflavone derivatives were obtained. 
That both the acetyl groups ai;e removed is shown 
by the positive ferric reaction as well as the instan
taneous reaction with alkali. This easy deacetyla
tion can be ascribed to the labile nature of the 
aoetoxyl groups in a position ortho or para to a 
nitro group. The constitution of the flavone ob
tained from chalcone diacetate la, viz., 7-hydroxy-
8-nitroflavone, was confirmed by its identity with 
the mononitration product of 7-hydroxyflavone as 
well as by its nitration to the known 7-hydroxy-6,8- 
dinitroflavone.3 The sequence of reactions is shown 
in Chart I.

In the case of 2',6'-dihydroxy-3'-nitrochalcones, 
both routes for the synthesis of flavones, i.e., de
hydrobromination of the 3-bromoflavanones as 
well as of the chalcone dibromides, were investi
gated. The flavanones, on bromination, gave the 
corresponding 3-bromoflavanones. More than 
molecular proportions of bromine were required

(1) Present address: Chemistry Department, M. N. Col
lege, Visnagar, N. Gujerat, India.

(2) S. Seshadri and P. L. Trivedi, J. Org. Chem., 22, 1633
(1957).

(3) A. M. Mehta, G. V. Jadhav, and R. C. Shah, Proc.
Indian Acad. Sci., 29A, 314 (1949).

Chart I

to brominate the flavanones with alkoxy substit
uents in the 2-phenyl nucleus. The .yields of pure 
bromoflavanones, in such cases, were poor and in 
one case the pure bromoflavanone could not be 
isolated. The crude bromination product could, 
however, be directly dehydrobrominated by boiling 
pyridine when the flavones crystallized from the 
reaction mixture. The flavanones obtained by the 
cyclization of 2',6'-dihydroxy-3'-nitrochalcones had 
earlier2 been assigned the constitution of 5-hydroxy-
6-nitro flavanones, on theoretical considerations. 
This has now been confirmed by the formation of
5-hydroxy-6-nitroflavone from the flavanone ob
tained by the cyclization of 2 ',6 '-dihydroxy-3 
nitrochalcone. This flavone was found to be iden
tical with the 5-hydroxy-6-nitroflavone prepared 
by Kostanecki-Robinson benzoylation of 2,6- 
dihydroxy-3-nitroacetophenone.4 It also resisted 
acetylation showing the hindered nature of the 5- 
hydroxyl group.

The dehydrobromination of the 2',6'-diacetoxy- 
3'-nitrochalcone dibromides was next investigated. 
2 ',6'-Dihydroxy-3 '-nitro-2-methoxychalcone and 
2',6'dihydroxy -3'-nitro-3-methoxychalcone did not 
yield a pure acetate by any method. The other 
chalcone diacetates were obtained pure and were 
brominated in chloroform solution. The proportions 
of bromine required were the same as in the case of 
the corresponding 2',4'-diacetoxy-3'-nitrochalcone 
derivatives. The dehydrobromination of the chal
cone dibromides gave 5-hydroxy-8-nitroflavone 
derivatives. These could be acetylated to give the 
5-acetoxy-S-nitroflavone derivatives, thus showing

(4) R. M. Naik and V. M. Thakor, Proc. Indian Acad. 
Sci., 37A, 774 (1953).
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that the 5-hydroxyl group is not hindered. The 
formation of 5-hydroxy-S-nitroflavones shows that 
the acetoxy group ortho to both the nitro and the 
carbonyl groups suffers deacetylation first and cy- 
clization occurs preferentially at that position. 5- 
Hydroxy-8-nitroflavone thus obtained was found 
to be identical with the mononitration product of
5-hydroxyflavone. The formation of 5-hvdroxy-6- 
nitroflavone by one method and of 5-hvdroxy-8- 
nitroflavone by the other method is indicated in 
Chart II.

Chart II

The characteristic sulfuric acid colorations of the 
flavones are set out in Table III and show the en
hanced halochromism with o-p alkoxy substitution 
in the 2-phenyl nucleus.

E X P E R IM E N T A L

Acetylation of the chalcones. All the chalcones were acetvl- 
ated by acetic anhydride-pyridine. Some of the chalcones 
were heated on a water bath and some reacted at room tem
perature (ca. 30°) as shown below. Chalcones la, If, Ha, 
lid , He were prepared by dissolving the corresponding 
hydroxy chalcones (500 mg.) in hot acetic anhydride (10 
cc.) and pyridine ( 1  cc.) and leaving overnight at room tem
perature. The solid obtained on treating with cold water 
was crystallized from alcohol. The yield was 400 mg.

Chalcones lb, Ic, Id, Ie were prepared oy dissolving the 
hydroxy chalcone in acetic anhydride-pyridine as before, 
heating on a boiling water bath for 4 hr., and leaving over
night at room temperature. The solid obtained on working 
up as usual was triturated with a little alcohol and filtered. 
The residue was then crystallized twice from alcohol. Yields 
were 200 to 250 mg. All the chalcone acetates were colorless 
or very pale yellow crystalline substances giving no color 
with alcoholic ferric chloride. The melting points and 
analyses are set out in Table I.

Bromination of the chalcone diacetates. Bromination of 
chalcones la, If, Ila . The chalcone diacetate (500 mg.) in 
chloroform ( 2  cc.) was treated with bromine in chloroform

(2 cc.; 10%). The mixture was left a t room temperature for 
2 hr. Chloroform was removed by evaporation and petro
leum ether (b.p. 40-60°) added to the residue. The solid 
obtained was crystallized from a mixture of benzene- 
petroleum ether. The yield was 400 mg. Bromination of the 
other chalcone diacetates was carried out similarly with the 
exception that 3.5 cc. of the bromine solution was employed 
and the yields were 200 to 250 mg. The bromides gave no 
color with alcoholic ferric chloride. The melting points and 
analyses are set out in Table I.

Bromination of the flavanoncs. Bromoflavanone IIA was 
obtained by reacting 5-hvdroxy-6-nitroflavanone (500 mg.) 
in chloroform (2 cc.) with bromine in chloroform (2.5 cc.; 
10%) at room temperature for 2 hr. Chloroform was evapo
rated and petroleum ether added to the residue. The solid 
obtained was recrvstallized from a mixture of benzene- 
petroleum ether. The yield was 400 mg. The other bromo- 
flavanones, IIB, IIC, IID, H E were similarly obtained with 
the difference that 4 cc. of the bromine solution was em
ployed. The pure bromoflavanones were obtained after 
repeated crystallizations. The yields were 80 to 100 mg. 
Bromoflavanone IIC could not be isolated in a pure condi
tion and the crude reaction product was used as such for 
further reaction. The melting points of the bromoflavanones 
and their analyses are given in Table II.

Dehvdrobromination of the chalcone dibromides and the 
bromoflavanones. The bromo derivatives (500 mg.) were 
refluxed in pyridine (5 cc.) for 10 min. In many cases the 
flavanone separated out quantitatively as a crystalline solid 
during the reaction or on cooling the reaction mixture. The 
solid was filtered and washed with alcohol and crystallized 
further from acetic acid (nitrobenzene was used for flavones 
9 and 14). If no solid separated even on cooling, dilute hydro
chloric acid was added and the solid obtained filtered and 
recrystallized from acetic acid. All the flavones were white or 
pale yellow in color and gave negative Beilstein test for 
halogen. The melting points and the characteristic sulfuric 
acid colorations are set out in Table III. The 7-hydroxy-8- 
nitroflavone derivatives gave pale brown color with alcoholic 
ferric chloride, while the 5-hvdroxy flavone derivatives gave 
brownish red colors.

Nitration of 7-hydroxvflavone. The procedure for nitration 
of 7-hydroxvflavone as reported in the literature3 was found 
unsuitable as it led to the formation of di- and tri-nitro 
derivatives. The following was the method employed; 7- 
hvdroxvflavone ( 2  g.) was dissolved in acetic acid ( 1 0 0  cc.) 
and nitrobenzene (50 cc.) and treated with coned, nitric 
acid (d. 1.42, 5 cc.) in the cold. The mixture was left over
night at room temperature. Water was then added and the 
nitrobenzene layer extracted with dilute alkali solution ( 1  %). 
The alkaline extract was washed with ether and acidified. 
The solid obtained was treated with dilute sodium bicar
bonate solution (2 %) in which part of it dissolved to give 
a yellow solution. The solution was filtered and acidified. 
The solid obtained was crystallized from acetic acid, melting 
range 185-215°, yield, 200 mg. I t  was purified by conversion 
to the acetate, m.p. 168-170° (after two crystallizations 
from alcohol).

Anal. Calcd. for CnHi,NOG: N, 4.31. Found: N, 4.35.
This product was hydrolyzed by dissolving in 80% sul

furic acid and keeping overnight a t room temperature. The 
solid obtained on adding to ice was crystallized from acetic 
acid as fluffy white needles, m.p. 228°, mixed melting point 
with flavone ( 1 ) obtained through the chalcone dibromide 
(see Table III)  was undepressed.

7-Hydroxy-6,8-dinitroflavone,3 m.p. 289° was obtained by 
nitration of 7-hydroxyflavone in acetic acid at 100°. Flavone
( 1 ) on similar nitration gave the same compound, m.p. and 
mixed m.p. 289°.

5-Hydroxy-6-nitrofiavone was obtained by the reaction of
2,6-dihydroxy-3-nitroacetophenone with sodium benzoate 
and benzoic anhydride . 4  The melting point of the product 
crystallized from acetic acid was 209° (previous shrinking 
at 200°). This agrees with the reported melting point. The
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TABLE I
Chalcone Diacetates and T heir D ibromides

M.P.,
Analysis, 

N %
Dibromide

M.P.,
Analysis,

B r%
No. Chalcone °C. Formula Calcd. Found °C. Formula Calcd. Found

Ia 2,,4'-(0A c)2-3 '-N 0 2 133-135 Ci9H 15NO, . 3.79 3.75 181-183 Ci9Hi5Br2N O7 30.24 30.60
lb 2 ', 4 '-( O Ac )2-3 '-N 0 2-2- 

OMe
103-105 C29H 17N 0 8 3.51 3.26 147-148 C2oHnBr2N 0 8 28 62 28.76

Ic 2 ',4 '-( O Ac )2-3 '-N 0 2-3- 
OMe

105-107 C20H 17NO8 3.51 3.50 118 C20H 17Br2NO8 28.62 29.05

Id 2 ',4 '-( OAc )2-3 '-N 0 2-4- 
OMe

84-85 c 20h 17n o 8 3.51 3.28 141-142 C2oHi7Br2N Os 28.62 28.54

Ie 2 ',4 '-( OAc )2-3 '-N 0 2-3,4-
o 2c h ,

124-125 c 20h I6n o 9 3.39 3.24 148-149 C2oHi5Br2 N09 27.90 28.30

If 2 ',4 '-( OAc)2-3 '-N 0 2-4-Me 137-139 c 2„h „ n o 7 3.66 3.60 163-165 C20H nBr2N O7 29.47 28.98
Ha 2 ' , 6  '-( OAc )2-3 '-N 0 2 104-105 c 1 9h 16n o 7 3.79 3.89 163 CI9Hl5Br2N 0 7 30.24 30.70
lid 2 ', 6  '-( OAc )2-4-OMe-3 '- 

NO,
109-110 C20H 17NO8 3.51 3.59 146-148 C2 0Hi7Br2 NO8 28.62 28.99

He 2 ', 6  '-( O Ac )2-3 '-NO,-3,4-
o 2c h 2

141-142 C2„HI5N 0 9 3.39 3.40 150-151 C2oHi5 Br2 N09 27.90 28.17

TABLE II

No. Flavanone
M.P.,

°C. Formula
Analysis,

Calcd.
Br % 

Found

IIA 5-OH-6-N 0 -2-3 -Br 147 CuHioBrNOs 22.60 22.39
IIB
IIC

5-0H-6-N02-2'-0CH 3-3-Br 
5-OH-6-N 02-3 '-OCH3-3-Br

181-182
a

C16H 12BrN 0 5 20.30 20.75

IID 5 -OH-6 -N 0 2 - 4  '-OCH3-3-Br 179-180 CiiHiîBrNOs 20.30 20.13
HE 5-0H-6-N0 2-3 ',4 '-0 2CH2-

3-Br
27O6 CieHioBrNO? 19.60 19.65

“ Could not be isolated. s Becomes brown at 205° and chars at 270°.

TABLE III
L ist of F la yones P repared

No. Flavone
M.P.,

°C.
h 2so 4
Color Formula

Analysis, N % 
Calcd. Found

1 7-0H-8-N02 228 Yellow c 15h 9n o 5 4.95 4.80
2 7-OH-8-N 0 2-2 '-OCH3 258-260“ Orange c 16h „ n o 6 4.47 4.26
3 7-OH-8-N 0 2-3 '-OCH3 242-243 Orange-yellow C16H 11N 0 6 4.47 3.34
4 7-OH-8-N 0 2-4 '-OCH3 260“ Orange C16H 11N 0 6 4.47 4.23
5 7-0H-8-N02-3 ',4 '-02CH2 270“ (dec.) Orange-red c 16h 9n o 7 4.28 4.12
6 7-OH-8-N Or4'-CH3 250 Yellow c 16h „n o 5 4.71 4.88
7 5-0H-8-N02 215“ (190) Yellow c 15h 9n o 5 4.95 5.19
8 5-0H-8-N02-4'-0CHs 218c (200) Orange-yellow CieHnNOe 4.47 4.30
9 5-OH-8-N 0 2-3 ', 4 '-0 2CH2 3006 Orange-red C16Í Í 9NO7 4.28 4.50

10 5-0H-6-N02 232 Yellow c 15h 9n o 5 4.95 4.74
11 5-OH-6-N 0 2-2 '-OCH3 208-210 Orange-yellow CxeHnNOó 4.47 4.27
12 5-OH-6-N 0 2-3 '-OCH3 216-217 Deep yellow CieHnNOe 4.47 4.46
13 5-OH-6-N 0 2-4 '-OCH3 234-236 Orange-yellow C16H „N 06 4.47 4.66
14 5 -OH-6 -NO 2 - 3  ',4 '-02CH2 290s Orange-red C16H9N 0, 4.28 4.54

“ Melts with charring. 6 Chars but does not melt. c Softening occurs a t the temperature indicated in brackets,

product was, however, found to be contaminated with 5- flavone in sulfuric acid solution as reported in the litera-
hydroxy-6-nitro-3-benzoylflavone. This impurity was re
moved by crystallization from chloroform, whereupon the 
melting point rose to 230-232°. Mixed melting point with 
flavone (10) was not depressed. I t  was recovered unreacted 
after boiling with acetic anhydride-pyridine.

Nitration of 5-hydroxyflavone. The nitration of 5-hydroxy-

ture5 was found unsatisfactory. The following procedure was 
adopted: 5-hydroxyflavone (0.5 g.) in acetic acid (5 cc.) 
was treated with coned, nitric acid (5 cc.) in acetic acid (5 
cc.) with cooling iD running tap water. The flavone dissolved 
slowly and the nitroflavone started separating. After 15 
min., the product was filtered, washed and crystallized from 
acetic acid, m.p. 215° (shrinking at 100°). Mixed melting 
point with flavone (7) was not depressed.

(5) R. M. Naik, A. M. Mehta, G. V. Jadhav, V. M. 
Thakor, and R. C. Shah, Proc. Indian Acad. Sri., 38A, 31 
(1953).

Anal. Calcd. for C16H 9N 0 5: N, 4.95. Found: N, 5.25. 
Acetylation of flavones (7), (8), and (9). The flavones (200 

mg.) were refluxed with acetic anhydride (5 cc.) and pyridine
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(0.5 cc.) for 4 hr. The solid obtained on working up as usual 
was ground with alcohol (10 cc.) and filtered. The residue 
was crystallized from a mixture of alcohol and acetic acid. 
They gave negative ferric reaction.

The following aeetoxyflavones were thus obtained: 5- 
acetoxy-8-nitroflavone, m.p. 155-156°.

Anal. Calcd. for CnHnNO«: N, 4.3. Found: N, 4.2.
5-Acetoxy-8-nitro-4'-methoxyflavone m.p. 163-165°.
Anal. Calcd. for Ci8H i3NOj : N, 3.94. Found: N, 4.00.

5-Acetoxy-8-nitro-3'-4'-methylenedioxyflavone, m.p. 215- 
217°.

Anal. Calcd. for C,BH nN 08: N, 3.79. Found: N, 3.80.
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Som e A nalogs o f  T oxopyrim id ine and M eth iop rim 1
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A number of new pyrimidines, related to 2-methyl-4-amino-5-hydroxymethylpyrimidine (I, toxopyrimidine) and 2- 
methyIthio-Tamino-5-hydroxymethylpyrir.-iidme (VIII, methioprim) have been prepared and characterized.

The antimetabolite properties of toxopyrimidine2 
(I) stimulated our earlier work leading to the 
discovery of interesting antimetabolite and anti
tumor activity in “methioprim” (VIII).3 4 5"6 We 
now wish to report the syntheses and characteriza
tion of a number of additional compounds related 
to these substances.

The analogs of toxopyrimidine were made by ap
propriate substitution reactions with the bromo- 
methyl compound (X) ,7 Reaction of X with thiourea, 
followed by neutralization of the crude isothiuro- 
nium salt, produced not only the disulfide III (pre
sumably through the mercaptan) but led also to 
the isolation of the thiazinopyrimidine (VII), 
shown to be different from the isomeric thiocyanate
(VI). XII, however, reacted normally with thiourea 
to produce the isothiuronium salt. XVII, which

(1) Supported in part by the U. S. Public Health Service 
Grant CY-2714.

(2) K. Makino, T. Kinoshita, T. Sasaki, and T. Shiei, 
Nature, 173, 34 (1954); K. Makino, T. Kinoshita, Y. 
Aramaki, and S. Shintani, Nature, 174, 275 (1954); K. 
Makino and M. Koike, Nature, 174, 1056 (1954); K. Makino 
and T. Kinoshita, J. Vitaminol., 1, 14 (1955); S. Shintani, 
J. Vitaminol., 8, 183 (1956).

(3) T. L. V. Ulbricht and C. C. Price, J. Org. Chem., 21, 
567 (1956); Chem. if; Ind. {London), 1221 (1955).

(4) T. L. V. Ulbricht and J. S. Gots, Nature, 178, 913 
(1956); D. B. McNair-Scott, T. L. V. Ulbricht, M. L. 
Rogers, E. Chu and C. Rose, Cancer Research, in press; 
D. F. Dunning, T. L. V. Ulbricht, C. C. Price, and R. Jones, 
Jr., unpublished results; R. Guthrie, M. E. Loebeck, and 
M. J. Hillman, Proc. Soc. Exptl. Biol. Med., 94, 792 (1957); 
R. Guthrie, J. F. Holland, E. A. Hyatt, M. Hillman, and 
D. T. Mount, Proc. Am. Assoc. Cancer Research, 2, 113 
(1956); I. J. Slotnick, R. Guthrie, J. F. Holland, and M. J. 
Hillman, Proc. Am. Assoc. Cancer Research, 3, 251 (1957).

(5) F. Rosen, J. F. Holland, and C. A. Nicliol, Proc. Am. 
Assoc. Cancer Research, 3, 243 (1957).

(6) This name has been suggested to us by Dr. Joseph S. 
Gots, Univ. of Pa., and Dr. Robert Guthrie, Roswell Park 
Memorial Institute.

(7) Kindly supplied by Dr. Max Tishler, Merck & Co., 
Rahway, N. J.

NH, NH2
CI12X

I, X =  OH 
II, X =  SH

III, X =  )2S2
IV, X =  )2S
V, X = s c h 3

VI, X = SON 
X, X = Br

V ili, R 
XI, R 

XII, R
X III, R
XIV, R 
XV, R

XVI, R 
XVII, R 

XVIII, R 
XIX, R

CH2X

CH3, X -  OH
H, X = OH
CH3, X =  Br
CH3, X =  OCH3
CH3, X =  SCH3
CH3j X =  SCOCH3
CH3, X =  SHcn3, X = SC(NH2)2+Br-
CH3, X = )2S2
C2H5, X = OH

NH2

was converted to disulfide, but did not give the 
analogous thiazinopyrimidine.

Oxidation of VIII by dichromate proceeded 
surprisingly smoothly to the aldehyde IX, which 
was also readily converted to the oxime.

When X was heated with sodium methyl mer- 
captide in ether, and then in dioxane, the sulfide 
IV instead of V was formed. This reaction may 
have proceeded through formation of a sulfonium 
salt (XX) as an intermediate.

©
sch3

The replacement of the bromine atom of X II by 
methoxyl proceeded readily by solvolysis.

The reduction of 2-mercapto-4-amino-5-carbeth-
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thoxypyrimidine (XXI) to XI with lithium alu
minum hydride was successfully carried out in N- 
ethylmorpholine.

Dr. Joseph S. Gots has found that compounds 
VIII, IX, XII, and XVI are antagonists for I in 
microorganisms requiring I for growth. Details 
will be reported elsewhere.

E X P E R IM E N T A L 8

2-Methyl-4-amino-5-mercaptomethylpyrimidine (II) and 
bis-(2-methyl-4-amino-5-pyrimidylmethyl) disulfide (III). (I) 
2-Methyl-4-amino-5-mercaptoniethylpyrimidine. 2-Methyl-4- 
amino-5-bromomethylpyrimidine dihydrobromide7 (30 g., 
0.082 mole) was slowly added to a solution of 6.3 g. (0.083 
mole) of thioacetie acid in 150 ml. of pyridine. After the 
evolution of heat stopped, the mixture was stirred and re
fluxed gently for 7 hr. After cooling, a white precipitate was 
filtered and washed with ether. The precipitate was dissolved 
in 35 ml. of 5% hydrochloric acid and the solution was 
washed with ether, and then made weakly alkaline with 
sodium carbonate solution. The solution was quickly ex
tracted ten times with 100-ml. portions of ether. The com
bined ether solutions were dried over magnesium sulfate 
for 1 hr. The ether was distilled in vacuo leaving 3.0 g. of 
white plates. This product was recrystallized three times 
from acetone, m.p. 161-163° (in vacuo). The sample was 
kept in a sealed tube containing nitrogen.

Anal. Calcd. for CeHsNjjS: C, 46.43; H, 5.84; S, 20.66. 
Found: C, 46.60: H, 5.52; S, 20.44.

(II) Bis(2-methyl-4-amino-5-pyrimidylmethyl) disulfide. 
The aqueous alkaline solution from which the 2-methyl-
4- amino-5-mercaptomethylpyrimidine above was extracted 
was kept a t room temperature for four days. A white 
crystalline precipitate which weighed 1.6 g. was obtained 
and was recrystallized from ethanol, m.p. 242-245° (dec.).

Anal. Calcd. for Ci2H ,6N 6S2: C, 46.73; H, 5.23; N, 27.25; 
S, 20.79. Found: C, 47.01; H, 5.38; N, 27.00; S, 20.57.

Bis{2-methyl-4-amino-5-pyrimidylmethyl) disulfide (III), 
bis(2-methyl-4-amino-5-pyrimidylmethyl) sulfide (IV) and 
2-melhyl-7-aminothiazino(6,5-e)pyrimidine (VII). (I) Bis- 
(;2-methyl-4-amino-5-pyrimidiylmethyl) disulfide. 2-Methyl-4- 
amino-5-bromomethylpyrimidme dihydrobromide (10 g., 
0.27 mole) was added to a solution of 2.08 g. (0.027 mole) 
of thiourea in 150 ml. of tetrahydrofuran. The mixture was 
refluxed with stirring for 50 min. A solid precipitate which 
weighed 11.6 g. was collected after cooling. The material 
slowly decomposed between 200° and 235°. A solution of 5 
g. of this material in 50 ml. of 10% sodium hydroxide was 
neutralized with hydrochloric acid after standing 30 min. 
and then extracted five times with 100-ml. portions of ether. 
After the combined ether solutions were dried over mag
nesium sulfate for 1 hr., the ether was distilled giving ca. 
100 mg. of pale yellow crystalline residue contaminated with 
viscous material. The residue was recrystallized twice from 
20-ml. portions of ethanol giving colorless crystals which 
melted at 245°. On admixture with bis-(2-methyl-4-amino-
5- pyrimidylmethyl) disulfide, no melting point depression 
was observed.

(II) 7-Amino-2-methyl-5(H)-metathiazino [4,5-d]pyrimidine
(VII). The neutralized solution from which ether-soluble 
materials were extracted in (I) was concentrated to 10 ml. 
in vacuo and cooled. A colorless precipitate was collected 
and recrvstallized three times from ethanol, m.p. 256-258°.

Anal. Calcd. for C7H8N4S: C, 46.65; H, 4.47; N, 31.09; 
S, 17.74. Found: C, 46.90; H, 4.55; N, 31.14; S, 17.76.

The condensation product (5 g.) from 2-methyl-4-amino-

(8) Melting points are uncorrected. Analyses are by 
Microtech Inc., Skokie, 111., and Midwest Microlab, Inc., 
Indianapolis, Ind.

5-bromomethylpyrimidine dihydrobromide and thiourea was 
dissolved in 30 ml. of water and the solution was made 
weakly alkaline with sodium carbonate. The white precipi
tate which immediately appeared was collected, washed 
three times with 10-ml. portions of water, and then heated 
with 500 ml. of ethanol. The material slowly dissolved in 
ethanol with evolution of ammonia. After all the solid was 
dissolved in the ethanol, the solution was concentrated to 
50 ml. and cooled. Colorless crystals which weighed 1.78 g. 
separated and were recrystallized from 80 ml. of ethanol, 
giving crystals which melted at 256-258°. No melting point 
depression was observed on admixture with the earlier 
sample of VII.

(Ill) Bis(2-methyl-4-amino-5-pyrvmidylmethyl) sulfide (IV). 
The condensation product (11.6 g.) from 10 g. of 2-methyl- 
4-amino-5-bromomethylpyrimidine dihvdrobromide and 2.08 
g. of thiourea was dissolved in 15 ml. of water. The white 
precipitate which appeared immediately on neutralization 
with sodium hydroxide was collected and washed with 10 
ml. of water. The material weighed 5.4 g. and melted at 154- 
158°. This material was dissolved in 30 ml. of boiling 10% 
sodium hydroxide and the solution was refluxed for 1 hr. 
After cooling, the precipitated crystals were recrystallized 
from ethancl giving 1.3 g. of colorless crystals, m.p. 284- 
286° (dec.).

Anal. Calcd. for CI2H16N6S: C, 52.12; H, 5.85; N, 30.42; 
S, 11.61. Found: C, 52.15; H, 6.07; N, 30.16; S, 11.51.

2-Meth yl-4-amino-5-methylthiomethylpyrimidine (V). 
Methyl mercaptan (10 g., 0.208 mole) was added to a solu
tion of 3.8 g. (0.165 mole) of sodium in 150 ml. of absolute- 
ethanol. Then 20 g. (0.055 mole) of 2-methyl-4-amino-5- 
bromomethylpyrimidine dihydrobromide was added, and 
the mixture was stirred and refluxed for 30 min. After cool
ing, the precipitate (23 g.) was recrystallized from 100 ml. 
of 50% ethanol. A second recrystallization from 50 ml. of 
50% ethanol gave 4.0 g. of colorless prisms, m.p. 176-178°. 
By concentration of the mother liquors, 2.5 g. more of the 
product was obtained.

Anal. Calcd. for CJIuNsS: C, 49.68; H, 6.55; N, 24.83; 
S, 18.95. Found: C, 49.89; H, 6.49; N, 24.71; S, 18.76.

Bis(2-methyl-4-amino-5-pyrimidylmethyl) sulfide (IV). 
Sodium (2 g., 0.087 mole) was added to a solution of 5 g. 
(0.105 mole) of methyl mercaptan in 100 ml. of ether which 
was cooled in an ice salt bath. After stirring 4 hr., 10 g. 
(0.28 mole) of 2-methyl-4-amino-5-bromomethylpyrimidine 
dihvdrobromide was added. Because no heat was evolved, 
the ether and the excess of methyl mercaptan were distilled 
off, and the residue was heated with 50 ml. of dioxane on a 
steam bath. The color of the reaction mixture suddenly 
changed from dark gray to pale brown when it was heated 
to 100°. The mixture was heated with stirring for 1 hr., and 
the solid was filtered off. After cooling, 10 ml. of ethanol 
was added to convert the remaining sodium to sodium 
ethoxide, and then the solvent was removed by distillation. 
Addition of 50 ml. of water precipitated 0.4 g. of solid which 
was recrystallized from 50 ml. of ethanol giving colorless 
crystals which melted a t 277-280° (dec.). On admixture 
with the authentic bis(2-methyl-4^amino-5-pyrimidyl- 
methyl) sulfide, no melting point depression was observed. 
The infrared spectrum was also identical with tha t of the 
sulfide.

2-Methyl-4-amino-5-thiocyanomethylpyrimidine (VI). 2-
Methyl-4-amino-5-bromomethylpyrimidine dihvdrobromide 
(5 g., 0.014 mole) was added to a solution of 1.35 g. (0.014 
mole) of potassium thiocyanate in 150 ml. of tetrahydro
furan. The mixture was refluxed with stirring for 2 hr., and, 
after cooling, the solid precipitate (3 g.) was collected. I t  
was dissolved in 25 ml. of water and the solution was neu
tralized with sodium bicarbonate giving 0.9 g. of crystalline 
precipitate. The precipitate was recrystallized three times 
from benzene. The resulting white crystals showed no 
definite mebing point, but slowly decomposed at 150-198°.

Anal. Calcd. for CvHsNiS: C, 46.65; H, 4.47; N, 31.09, 
Found: C, 47.15; H, 4.68; N, 31.07.
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The infrared spectra clearly distinguished this material 
from the isomeric thiazinopyrimidine.

The filtrate from the free thiocyanate was concentrated 
to 10 ml. and 0.3 g. of precipitate was obtained after stand
ing overnight. I t  was recrystallizcd from ethanol giving 
colorless crystals, m,p. 248-252° (dec.). On admixture with 
bis(2-methyl-4-amino-5-pyrimidylmethyl) disulfide, no melt
ing point depression was observed.

2-Methylthw-4-amino-5-formylpyrimidine (IX). A solution 
of 2-methylthio-4-amino-5-hydroxymethylpyrimidine (5 g., 
0.027 mole) in 13 ml. of acetic acid was added with stirring 
to a solution of 2.9 g. (0.1 mole) of sodium dichromate 
dihydrate in 15 ml. of acetic acid. Colorless crystals slowly 
precipitated and, after 2  hr., were collected and washed with 
30 ml. of water. The precipitate weighed 3.4 g. The cooled 
filtrate was neutralized with ammonia, and then kept a t 0 ° 
overnight. An additional 0.7 g. of white precipitate was com
bined with the first crop. The combined product was dis
solved in 300 ml. of chloroform and the green solution was 
washed twice with 2 0 -ml. portions of water, w'hich removed 
the color. The decolorized chloroform solution was dried 
with magnesium sulfate and concentrated to 100 ml. On 
cooling and filtering, 2.50 g. of colorless crystals, m.p. 183- 
184°, were obtained. The filtrate was further concentrated 
to 20 ml. giving another 0.50 g. of crystals, m.p. 182-183°.

Anal. Calcd. for C6H 7N 3OS: C, 42.59; H, 4.17; N, 24.84; 
S, 18.95. Found: C, 42.53; H, 4.23; N, 24.89; S, 18.92.

g-Methylthio-4-amino-5-pyrimidylaldoxime. A solution of
1.5 g. of 2"methylthio-4-amino-5-formylpyrimidine in 50 ml. 
of hot ethanol was added to a solution of 5 g. of hydroxyl- 
amine hydrochloride in 1 0  ml. of water made basic with 2 0  

ml. of 10% sodium hydroxide. The mixed solution was 
heated on a steam bath for 30 min. and concentrated to 40 
ml. A crystalline precipitate, -which weighed 1.5 g., was 
recrystallized twice from a mixture of benzene and ethanol 
(1 0 : 1 ) to yield colorless crystals, m.p. 2 0 1 - 2 0 2 °.

Anal. Calcd. for C6H8N4OS: C, 39.12; H, 4.37; N, 30.42; 
S, 17.41. Found: C, 39.19; H, 4.50; N, 30.60; S, 17.50.

@-Mercapto-4-amino-5-hydroxymethylpyrimidine (XI). To a 
solution of lithium aluminum hydride (5 g., 0.132 mole) in 
50 ml. of anhydrous ether and 300 ml. of V-ethylmorpholine, 
10 g. (0.050 mole) of 2-mercapto-4-amino-5-carbethoxy- 
pyrimidine was slowly added as a fine powder. After the 
evolution of heat ceased, the reaction mixture was stirred 
and heated at 80° for 2.5 hr. After cooling, 20 ml. of ethyl 
acetate wras added with stirring, and then 1 0  ml. of water. 
The precipitate was filtered after standing overnight. The 
filtrate gave no crystalline residue when the solvent was dis
tilled. The solid was extracted (Soxhlet) with boiling ethanol. 
The extract was concentrated to 20 ml. and neutralized with 
acetic acid, giving 3.8 g. of crystalline precipitate. Further 
extractions with methanol gave no solid product. The com
bined extracts were recrystallized four times from ethanol, 
giving pale yellow crystals, m.p. 229-232° (dec.).

Anal. Calcd. for CsH 7N 3OS: C, 38.20; H, 4.49; S, 20.40. 
Found: C, 38.42; H, 4.69; S, 20.22.

2-MethyUhio-4-amino-5-bromomethylpyrimidine hydrobro
mide (XII). Glacial acetic acid (175 ml.) was saturated with 
anhydrous hydrogen bromide at 0 °, and added to a solution 
of 12 g. of 2-methylthio-4-amino-5-hydroxymethylpyrimi- 
dine in 100 ml. of acetic acid. After heating on a steam bath 
for 2 hr. and cooling, 27.5 g. of white precipitate was col
lected. The product was recrystallized from 650 ml. of acetic 
acid, giving 18.5 g. of colorless needles which began to de
compose above 280°.

Anal. Calcd. for C6H 9Br2N 3S: C, 22.87; H, 2.88; Br, 
50.74; N, 13.34; S, 10.18. Found: C, 23.39; H, 3.08; Br, 
50.81; N, 13.11; S, 9.84.

2-Methylthio-4-amino-5-methoxymethylpyrimidine (XIII). 
2-Methylthio-4-amino-5-bromomethvlpyririidine hydrobro
mide ( 2  g.) was refluxed with 2 0  ml. of methanol for 1  hr., 
and then the solvent was distilled leaving an oily residue. 
Aqueous ammonia was added to the residue until the solu
tion became weakly alkaline, and after cooling, 0 . 7  g. of

colorless crystals precipitated. Recrystallization from water 
followed by recrystallization from a mixture of benzene and 
ligroin gave colorless prisms, m.p. 104-106°.

Anal. Calcd. for C,H„N 3OS: C, 45.39; H, 5.98; S, 17.31. 
Found: C, 45.60; H, 5.70; S, 17.91.

2-Methylthio-4-amino-5-methylthiomethylpyrimidine (XIV). 
Methyl mercaptan (1 g., 0.02 mole) was added to a solution 
of 0.5 g. (0.02 mole) of sodium in 100 ml. of absolute ethanol 
and 3 g. (0.01 mole) of 2-methylthio-4-amino-5-bromo- 
metlwlpyrimidine hydrobromide was added with stirring. 
After the evolution of heat stopped, the mixture was heated 
on a steam bath for 30 min. with stirring. The solvent was 
distilled off, 40 ml. of water was added to the residue and 
the mixture stirred and heated for 10 min. The crystalline 
precipitate wras filtered after cooling and recrystallized twice 
from 30% ethanol, giving 1.4 g. of colorless prisms, m.p.
139-140°.

Anal. Calcd. for C7H„N 3S2: C, 41.76; H, 5.51; N, 20.88; 
S, 31.86. Found: C, 41.87; H, 5.49; N, 20.62; S, 31.74.

2-Methylthio-4-amino-5-acetylthiomethylpyrimidine (XV). 
2-Methylthio-4-amino-5-bromomethylpyrimidine hydrobro
mide (4 g., 0.013 mole) was added to a solution of 2 g. (0.026 
mole) of thioacetic acid in 25 ml. of pyridine. The mixture 
was stirred and heated on a steam bath for 1  hr., and the 
solvent was distilled in vacuo. The hygroscopic crystalline- 
residue was dissolved in 2 0  ml. of water and then 2 % sodium 
hydroxide was added making the solution weakly alkaline. 
Brown viscous material separated from the solution and 
slowly solidified. The solid was filtered and recrystallized 
from ethanol, giving 1 . 8  g. of pale yellow crystals which 
melted at 148-151°. Recrystallizing once more from ethanol 
and then from a mixture of ligroin and benzene (2 : 1 ), 
yielded almost colorless crystals, m.p. 161-163°.

Anal. Calcd. for CsHnNaC^: C, 41.92; H, 4.84; N, 18.34; 
S, 27.98. Found: C, 41.95; H, 4.74; N, 18.25; S, 28.15.

2-Methylthio-4-amino-5-mercapk>methylpyrimidine (XVI). 
2-Methylthio-4-amino-5-bromomethylpyrimidine hydrobro
mide (5.4 g., 0.017 mole) was added to a solution of 2.7 g. 
(0.035 mole) of thioacetic acid in 25 ml. of pyridine. The mix
ture was heated on a steam bath for 1  hr. After cooling, 
crystals of pyridine hydrobromide were filtered off, and the 
solvent was distilled from the filtrate in vacuo, leaving a 
brown viscous residue. The residue was heated on a steam 
bath with 30 ml. of 2% hydrochloric acid for 1 hr. The 
resulting solution was neutralized with sodium carbonate 
after cooling, giving a brown viscous precipitate which 
slowly solidified. The solid gave no crystalline product after 
repeated attempts of recrystallization from ethanol, acetone, 
and benzene. The filtrate was extracted six times with 50- 
ml. portions of ether. The combined extracts were dried 
over magnesium sulfate for 1.5 hr. After the ether was dis
tilled at atmospheric pressure, pyridine was removed in  
vacuo, leaving 99.6 mg. of white plates. These were recrystal
lized from benzene, m.p. 138-139° (in vacuo).

Anal. Calcd. for C6H 9N 3S2: C, 38.47; H, 4.84; S, 34.24. 
Found: C, 37.96; H, 4.89; S, 34.05.

2-Methylthio-4-amino-5-pyrimidylmethylisothiourea dihy
drobromide (XVII). 2-Methylthio-4-amino-5-bromomethyl- 
pyrimidine hydrobromide (5 g., 0.016 mole) was added to a 
solution of 1.3 g. (0.017 mole) of thiourea in 100 ml. of 
acetone. The mixture was refluxed with stirring for 2 hr. 
After cooling, a -white solid which weighed 4.5 g. was col
lected and recrystallized from ethanol, m.p. 240-241°.

Anal. Calcd. for C7HI3Br2N 5S2: C, 21.49; H, 3.35; N, 17.90; 
S, 16.39. Found: C, 21.80; H, 3.37; X, 17.76; S, 16.86.

Bis (2-methylthio-4-amino-5-pyrimidyhnethyl) disulfide 
(XVIII). 2-Methylthio-4-amino-5-pyrimidylmethylisothio- 
urea dihydrobromide (3 g.) was dissolved in 40 ml. of water, 
and to this solution ammonium hydroxide was added until 
the solution was shown to be weakly alkaline (pH 8 ). White 
crystals immediately precipitated and were collected. The 
precipitate weighed 1.25 g. and melted at 103-105°. A 0.2- 
g. sample of the precipitate was dissolved in 2 0  ml. of boiling 
ethanol and the solution was concentrated to 2  ml. and
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cooled overnight. The resulting precipitate was recrystallized 
from ethanol giving colorless crystals which melted at 213- 
215°, indicating formation of disulfide.

Anal. Calcd. for C12H l6N 6S4: C, 38.69; H, 4.29; N, 22.57; 
S, 34.43. Found: C, 39.01; H, 4.60; N, 22.47; S, 34.13.

The alkaline filtrate gave a further 0.15 g. of white 
precipitate after standing five days a t room temperature. 
The precipitate was recrystallized from ethanol giving a 
crystalline product which was found identical with the disul
fide from ethanol recrystallization of the main crop.

2-Ethyllhio-4-ainino-5-hydroxymethylpyrimidine (XIX) was 
prepared from 2-mercapto-4-amino-5-carbethoxypyrimidine 
via 2-ethylthio-4-amino-5-carbethoxypyrimidine. 2-Mercap- 
to-4-amino-5-carbethoxypyrimidine was synthesized by- 
condensation of ethyl ethoxymethylenecyanoacetate with 
thiourea by the method of Ulbricht and Price, 3 and the 
yield of 2-ethylthio-4-amino-5-hydroxymethylpyrimidine 
from ethyl ethoxymethylenecyanoacetate was 48%. This 
was a considerable improvement over the ydelds obtained by 
other workers. 3

2-Mercapto-4-amino-5-carbethoxypyrimidine (10 g., 0.05 
mole) was dissolved in a solution of 3.1 g. (0.055 mole) of 
potassium hyrdroxide in 50 ml. of water and 8  g. (0.052 
mole) of diethyl sulfate was gradually added with shaking. 
After stirring 3 hr., the crystals were collected, washed and 
dried to yield 9.4 g. (83%) of 2-ethylthio-4-amino-5-carb-

(9) A. Dornow and G. Petsch, Ann., 588, 45 (1954); 
A. Dornow and G. Petsch, German Patent 870,260 (1953); 
Chem. Abstr., 48. 2123 (1954); C. S. Miller, J. Am. Chem. 
Soc., 77, 752 (1955).

ethoxypyrimidine. This may be recrystallized from ethanol 
to give pale yellow plates, m.p. 1 0 0 - 1 0 2 °.

This material was placed in a Soxhlet extractor mounted 
on a flask containing a solution of 3 g. (0.079 mole) of lithium 
aluminum hydride in 350 ml. of dry ether. The ether was 
refluxed with stirring for 3 hr. After cooling, 20 ml. of ethyl 
acetate was added with stirring, and then 1 0  ml. of water. 
The solid precipitate was filtered after standing overnight, 
and then extracted three times with 1 0 0 -ml. portions of 
boiling acetone. The acetone solutions were combined and 
the solvent was distilled yielding white crystalline residue. 
The ether was distilled from the filtrate giving pale yellow 
crystalline residue which was combined with the acetone 
extracts. The crude products w-ere w-ashed with acetone and 
benzene leaving 7.5 g. of white crystals. After recrystallizing 
from ethanol, 5.9 g. (74%) of crystals which melted at 154- 
155.5° (lit . 8 m.p. 170° and 151-152° were obtained.

Anal. Calcd. for C7H 11N 3OS: C, 45.38; H, 5.99; N, 22.68; 
S, 17.31. Found: C, 45.56; H, 6.15; N, 22.59; S, 17.49.

Infrared spectra (in potassium bromide, w-avelength, and 
% absorption"': IV; 2.98 (6 6 ), 3.15 (71), 6.06 (82), 6.29 (83), 
6.43 (79), 6.76 (62), 7.02 (78), 7.33 (52), 7.78 (48), 8.12
(53), 10.00 (35), 10.30 (57), 12.64 (45), 12.89 (46).

VI; 2.90 (82), 3.22 (85), 4.61 (79), 6.00 (90), 6.29 (8 8 ), 
6.38 (90), 6.75 (83), 7.01 (8 8 ), 7.80 (75), 8.13 (80), 9.63 (63),
10.35 (72), 11.38 (58), 12.65 (78), 12.97 (84), 13.27 (77), 
14.50 (60).

VII; 2.90 (39), 3.34 (53), 6.57 (72), 7.04 (78), 7.31 (58),
7.60 (64), 8.33 (34), 8.70 (36), 8.82 (34), 10.41 (36), 12.27
(39), 12.47 (44), 12.85 (41), 14.54 (29).

P h i l a d e l p h i a  4 , P a .

[C o n t r i b u t i o n  f r o m  t h e  E a s t e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y 1]

Steroidal Sap ogen ins. X L IX . C -R ing O xygenated  
D erivatives o f  C orrellogenin2

EDWARD S. ROTHMAN a n d  MONROE E. WALL 

Received May 19, 1958

I n  t h e  c o u r s e  o :  c o n v e r s i o n  o f  n a t u r a l  m i x t u r e s  o f  t h e  2 5 d  a n d  2 5 l  i s o m e r i c  s a p o g e n i n s  g e n t r o g e n i n  ( 2 5 d ) a n d  c o r r e l l o g e n i n  
( 2 5 l ) t o  1 1 - k e t o  d io s g e n i n  a n d  1 1 - k e t o  y a m o g e n i n ,  i t  w a s  f o u n d  p o s s i b l e  t o  s e p a r a t e  a n d  c h a r a c t e r i z e  s e v e r a l  i n t e r m e d i a t e s  
w h i c h  w e r e  s t e r i c a l l y  p u r e  2 5 l  c o m p o u n d s ,  viz. 3 /3 ,1 2 /3 - d i h y d r o x y - 2 0 a ,22 /3 .2 5 L - s p i r o s t - 5 - e n - l l - o n e ,  l a ,  a n d  i t s  d i a c e t a t e ,  
l b ;  2 0 a , 22 /3 ,2 5 L - s p i r o s t - 5 - e n - 3 / 3 , l l a - d i o l ,  I l a ,  a n d  i t s  d i a c e t a t e ,  l i b .  T h e s e  n e w  c o r r e l l o g e n i n  d e r i v a t i v e s  h a v e  p r e v i o u s l y  
e v a d e d  i s o l a t i o n  b e c a u s e  o f  t h e  d i f f i c u l t i e s  i n  s e p a r a t i n g  t h e  p u r e  p a r e n t  c o m p o u n d .  I t  w a s  f o u n d  t h a t  3 /3 ,1 2 /S -d ia c e to x y -  
2 0 a , 22 /3 ,2 5 D - s p i r o s t - 5 - e n - l l - o n e  o n  t r e a t m e n t  w i t h  c a l c i u m  i n  l i q u i d  a m m c r . i a  s o l u t i o n  g a v e ,  i n  t h e  p r e s e n c e  o f  w a t e r ,  a  
h i g h  y i e l d  o f  2 0 a , 22 /3 ,2 5 D - s p i r o s t - 5 - e n - 3 / S , l l a - d i o l  ( l l a - h y d r o x y  d io s g e n i n ) .

In earlier papers of this series3'4 we have de
scribed the isolation of gentrogenin3 (3/3-hydroxy- 
20a,22/3,2oD-spirost-5-en-12-one5), its 25L-diaster- 
eoisomer, correllogenin,3 and the conversion of 
the former to 11-keto diosgenin.4 In the latter paper

(1) Eastern Utilization Research and Development 
Division, Agricultural Research Service, United States 
Department of Agriculture.

(2) Paper XLVIII, E. S. Rothman and M. E. Wall, 
submitted to J. Am. Chem. Soc.

(3) H. A. Walens, S. Serota, and M. E. Wall, J. Org. 
Chem., 2 2 , 182 (1957).

(4) E. S. Rothman and M. E. Wall, J. Am. Chem. Soc., 79, 
3228 (1957).

(5) For basis of formal nomenclature, particularly at 
C22, cf. Tentative Rules for Steroid Nomenclature, Comptes 
Rendus de la Dix-Huitieme Conference, Zurich, 20-28 
July, 1955, pp. 190-198.

were described the properties and reactions of a 
number of C-ll and C-12 oxygenated derivatives 
of gentrogenin. Because of the unavailability of 
pure correllogenin,9 6 we were unable to prepare the 
corresponding 25l- derivatives. During the large 
.scale conversion of a gentrogenin-correllogenin 
mixture to 3/3-hydroxy-5,16-pregnadiene-l 1,20-di- 
one,7 we were able to isolate and characterize

(6 ) Although correllogenin may constitute twenty per 
cent of the total ketonic fraction isolated from D. spiculi- 
flora, it is difficult to separate this sapogenin from the 
isomeric gentrogenin3 and consequently only minute quanti
ties of the sterically pure 2 5 l -  form have ever been obtained.

(7) Since pseudomerization followed by oxidative cleav
age and alkaline hydrolysis converts the 2 5 d -  and 2 5 l -  
sapogenins to the same 16-dehydro-20-keto-pregnene it is 
often convenient to work directly with the mixture.
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several stericallv pure corrcllogenin derivatives. 
In this paper we wish to record the properties of 
these compounds as well as those of the correspond
ing 25d- series.

In the manner described previously,4 bromina- 
tion of a gentrogenin-correllogenin mixture gave the 
5a,6/3,lla,23-tetrabromo sapogenins which, on 
treatment with sodium iodide, gave the 11 a,23- 
dibromo sapogenins of the 25d- and 25l- mixture. 
Alkaline equilibration in aqueous tertiary butyl 
alcohol8 gave a mixture of the isomeric 25d- and 
25l- derivatives of 3/3,12/3-diacetoxy-20 a, 22/3- 
spirosten-5-en-ll-one. In experiments in the heco- 
genin series,8 the English workers found that 
alkaline equilibration of lla,23-dibromohecogenin 
acetate in methanol or ethanol gave, in addition to 
the desired 12/3-hydroxy-ll-one, some of the un
desirable ll-hydroxy-12-ones. In contrast, similar 
equilibration in hot aqueous ¿-butyl alcohol gave 
only the desired 12/3-hydroxy-ll-one. We also4 had 
previously established the absence of 12 ketone in 
the equilibrium mixture (by testing with Girard’s 
reagent) when the hydrolysis step was carried out 
in the case of the sterically pure, brominated 
gentrogenin derivative. We then saponified and 
equilibrated a mixture of brominated sapogenins 
derived from a natural gentrogenin-correllogenin 
mixture in the tertiary-butanol system and, reason
ing by analogy, felt that such treatment would lead 
to the desired 12/3-hydroxy-ll-one. After a series 
of crystallizations and treatment with carbon 
(c/. Experimental section) a residual fraction was 
saponified, resulting in the isolation of a small 
quantity of the very insoluble, sterically pure 
3/3,12/3-dihydroxy-20 a,22,8,25L-spirost - 5 -en-ll - one 
(la). Acetylation in hot acetic anhydride-pyridine 
gave 3/3,12/3-diacetoxy-20a,22/3,25L-spirost-5-en-ll- 
one (lb). Because the yield of la  was less than one 
per cent of the total starting material it was neces
sary to prove its structure. The infrared spectra of 
la and lb showed the typical “normal” (25l) 
series of bands in the 800-1000 cm.-1 region.9 The 
spectrum of lb showed the same acetate band shift 
from 1735 cm.- - to 1750 cm.-1 observed in 11,12- 
ketol derivatives in the hecogenin series.8 The car
bon and hydrogen analysis of lb confirmed the 
tentative structural assignments. Compound la 
did not react with Girard’s reagent T eliminating 
from consideration ketols with the 1 l-hydroxy-12- 
one moiety. That the structure of la  and lb was 
indeed that of a 12/3-hydroxy-ll-one and the cor
responding acetate, respectively, was shown in a 
clear-cut manner by the molecular rotation con
tribution of the 12-acetoxy group. I t was shown in 
the hecogenin series that the A-MD for a 12/3- 
acetoxy-ll-one was —237° and for the correspond-

(8) J. Elks, (4. H. Phillipps, T. Walker, and L. J. Wyman,
J. Chem. Soc., 4330 (1956).

(9) M. E. Wall, C. R. Eddy, M. L. McClennan, and 
M. E. Kluinpp, Anal. Chem., 24, 1337 (1952).

ing 12a-acetoxy-1 1 -one, +212.8 The corresponding 
value for lb was —226° ±  50.10 Hence the structure 
of la and lb is indeed in accord with our predictions 
based on analogy.

The remaining crystalline fractions (after re
moval of sterically pure la) were combined, reacety- 
lated, and reduced with calcium-ammonia11 as 
described previously.4 Chromatography of the 
saponified product on Florisil12 gave first the 
expected mixture of 11-keto diosgenin and 11- 
keto yamogenin. A more tenaciously adsorbed 
fraction was then eluted from which, after re
acetylation followed by several recrystallizations, 
we obtained an appreciable quantity of 3/3,11a- 
diacetoxy-20a,22/3,25L-spirost-5-ene (lib). Saponi
fication gave 20a,22/3,25L-spirost-5-ene-3/3,ll a-diol
(Ha).

The structure proof of Ha and lib  is based on the 
following considerations. The infrared spectrum of 
Ila  shows the typical “normal” (25l) sapogenin 
fingerprint bands9 and absence of carbonyl. 
Carbon and hydrogen analyses of Ila  and lib  are in

(10) In order to calculate the M d  contribution of the 
12 acetoxy group in lb  it was necessary that the M d of the 
corresponding 12-desoxv steroid, 11-keto yamogenin acetate 
be known. Since the latter has not been prepared it was 
necessary to assign a hypothetical value based on the follow- 
known specific rotations:

12-keto diosgenin acetate (25d) = —56°
12-keto yamogenin acetate (25l) =  —60°

11-keto diosgenin acetate ( 2 5 d ) =  — 8 6 °
h e n c e  1 1 - k e t o  y a m o g e n i n  a c e t a t e  ( 2 5 l ) =  — 9 0 °  ±  1 0 °  

The ± 1 0 °  f a c t o r  is  well w i t h i n  the d i f f e r e n c e s  b e t w e e n  a l l  
k n o w n  p a i r s  o f  2 5 d  a n d  2 5 i .  d i a s t e r e o i s o m e r s .

(11) J. H. Chapman, J. Elks, G. H. Phillips, and L. J. 
Wyman, J. Chem. Soc., 4344 (1956).

(12) Mention of commercial products does not imply 
endorsement by the U. S. Department of Agriculture over 
similar products not mentioned.
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accord with the formulation of a dihydroxy or 
diacetoxy-sapogenin, respectively. From the method 
of preparation the compounds must have a 3d, 11- 
dihydroxy function. Since lib  is a diacetate pro
duced under mild acetylation conditions Ha and 
lib  must have, respectively, the 3d, 1 la-dihydroxy 
and 3d,lla-diacetoxy functions. The hitherto 
unknown 3d,12d-dihydroxy 20a,22/3,25D-spirost- 
5-en-ll-one (Ilia) was prepared by saponification 
of the known4 3/3,12/3-diacetate (Illb).

Previously,5 we had prepared 20a,22,8,25d- 
spirost-5-ene-3d,lla-diol (IV) in low yield by 
reduction of 3/3,12/3-diacetoxy-20a,22,8,25D-spirost- 
5-en-ll-one (Illb) with calcium-anhydrous liquid 
ammonia, the chief product being the corresponding
11-ketone (V). Reduction of Illb  with calcium- 
liquid ammonia in the presence of water gave IV 
as the sole product in good yield.

The reductive deacetoxylation of a non-olefinic 
12d-acetoxy-l 1-ketone with calcium in ammonia 
to the -point of disappearance of the blue calcium 
solution color followed by the addition of methanol 
was reported by Chapman; Elks, Phillipps, and 
Wyman.11 Their product was 1 la-hydroxy tigo- 
genin. The behavior of a A5-3d-hydroxy system 
toward such a reactive reagent is not predictable. 
Birch13 has noted that the presence of protonic 
substances, for example water, profoundly af
fects the course of such reductions. In such systems 
benzene forms 1,4-dihydrobenzene and allyl alco
hols are converted to hydrocarbons. While A6-3/3- 
ols are not true allyl alcohols, they have many 
properties that suggest a close interrelationship 
between the olefin and alcohol groups. For example,
3,5-cyclo systems form under appropriate condi
tions. When we reduced compound Illb  with blue 
calcium-liquid ammonia-water systems we did 
not observe any attack on the A5-3/3-hydroxy system 
and obtained compound IV directly in high yield.

E X P E R I M E N T A L

88,12P-Dihydroxy-2Oa,220,25i.-spirost-5-en-ll-one (la). 
The isolation of la  was fortuitous. We had been working up 
mother liquors from a debromination experiment, leading 
to 160 g. of the isomeric mixture of 30,12/3-diacetoxy- 
20a,22/S-spirost-5-en-ll-one compounds.4 The first crop from 
300 ml. of ethanol was 69 g. of 25d and 25i, mixed product. 
The filtrate was diluted with 300 ml. of benzene and then 
with 1700 ml. of petroleum ether, b.p. 89-98°. The clear 
supernatant liquor was decanted from 64 g. of a tarry residue 
(which later yielded an additional 21 g. of crystalline mixed 
product) and the solution was boiled to expel benzene. The 
cooled filtrate was treated with 100 g. of Darco G-CO car
bon which was well ivashed with petroleum ether. These 
washings were concentrated to a small volume whereupon
8.2 g. of crystalline mixed isomers separated. Further wash
ing of the carbon with methylene chloride and with ethanol 
gave, after evaporation, 17 g. of a glassy residue. Saponifica
tion of the residue gave 1.03 g. of a very insoluble crystal- 
lizate, m.p. 244-247°, insoluble in methylene chloride and 
in ethanol but soluble in a 1:1 mixture of these solvents.

(13) A. J. Birch, Quart. Revs. (London), 4, 69 (1950).

The produet reerystallized from this mixture in hexagonal 
prisms, [alp5 —112°, and melted from 247 to 248° with 
characteristic transition to smaller, bladed forms only above 
240°. The infrared spectrum (KBr disk) showed a strong 
hydroxyl band envelope at 3400 to 3500 cm.-1, ketone at 
1716 cm.-1 and sapogenin bands at 846, 900, 917, and 985 
cm.-1 of the type characteristic of 25l sapogenins. The 
fingerprint spectrum was highly complex showing forty-five 
well-defined bands. In chloroform solution the ketone band 
occurred at 1707 cm.-1

S0,128-Diacetoxy-2Oa,228,85ij-spirost-5-en-ll-one (lb). The 
dihydroxy ketone of the above preparation was acetylated 
by refluxing for 2 hr. in 1:1 acetic anhydride-pyridine mix
ture (forcing conditions). After cooling and diluting with 
water, the steroid was collected by7 filtration and dried. Its 
solution in methylene chloride was freed of brownish 
coloration by passing through a pad of Florisil.12 After 
evaporation to dryness the colorless residue was crystallized 
from ethanol to give felted microneedles, [a]2D5 —120°, 
m.p. 194.3-196.8°, after slight sweating at 178°.

Anal. Calcd. for C3iH)t0 7 : C, 70.43; H, 8.39. Found: 
C, 70.48; E , 8.66.

38,1 larDiacetoxy-SOct,220,2o\i-spirosl-5-en (lib ). Ninety 
grams of a C-25 diastereoisomeric mixture of 3/3,12/3-diace- 
toxy-20a,22/5-spirost-5-en-ll-one was deacctoxylated at C-12 
by reduction with calcium in liquid ammonia.4 Chromatog
raphy of the saponified reduction product on Florisil12 
gave, on elution with 20% chloroform in benzene, the ex
pected mixture of 11-keto diosgenin and 11-keto yamogenin. 
Further elution with chloroform gave a dihydroxy fraction 
only partly soluble in benzene. The benzene suspension was 
filtered and the filtrate, which was richer in the 25L-com- 
ponent, was evaporated to dryness. The residue was crystal
lized from ether and acetylated to give 10 g. of the nearly 
sterically pure isomer 3/3, lla-diacetoxy-20a,22/3,25L-spirost-
5-ene (lib). A single recrystallization from methanol gave a 
sterically pure sample. Five recrystallizations from methanol 
did not alter the melting point, viz. 190-191.5°, [a]2D5 —123°, 
feathery, felted microneedles.

Anal. Calcd. for C3,H4e0 6: C, 72.34; II, 9.01. Found: C, 
72.62; H, 9.07.

2Oa,220,2Sh-Spirosl-5-en-30,lla-diol (Ha). A sample of 
the diacetate of the preceding preparation was saponified 
in methanolic 5% potassium hydroxide. Crystallization from 
methylene chloride-hexane gave hexagonal prisms with 
pyramidal caps [a]2D5 -123°, m.p. 247.2-248.2° after 
transition over 243° to wedges.

Anal. Calcd. for C2,H «0,: C. 75.31; H, 9.83. Found: 
C, 75.05; H, 9.91.

30,120-Dihydroxy-2Oa,220,25v>-spirost-5-en-l 1-one (Ilia). 
A sample of the diacetate4 was saponified by refluxing in 
methanolic 5% potassium hydroxide for 4 hr. The mixture 
was poured into water and the steroid collected. The dried 
product was dissolved in ether, diluted with hexane, and the 
solution was freed of ether by volume reduction to yield 
a crystalline residue which was further recrystallized from 
acetone to give short, hexagonal microprisms, [a]2D5 —95°, 
melting from 236-240° and giving a pink melt. Incomplete 
transition to branched filaments was observed beyond 223°.

Reduction of I llb  to 2Oa,220,25D-spirost-5-en-30,lla-diol 
(1 la-hydroxy diosgenin) (IV). A sample of 3/3,12/S-diacetoxy- 
20«,22/3,25D-spirost-5-en-l 1-one, 85 g., in 900 ml. of toluene 
was added to a solution of 67 g. of calcium metal in 4 liters 
of liquid ammonia during an addition time of 20 min. The 
mixture was mechanically stirred during the addition and 
during the subsequent reaction time of 10 min. Water was 
added cautiously in a thin stream until the blue color of the 
reaction mixture was discharged, an excess of water doing no 
harm. The mixture was evaporated in an open vessel to a 
■white solid residue. This residue was shaken with ether and 
dilute aqueous hydrochloric acid until all solids -were in solu
tion. The organic layer was separated, washed with water 
and with saturated saline solution, and evaporated to dry
ness. To insure complete saponification of the 3-acetate it
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was occasionally necessary to carry out a saponification step 
with 5% methanolic caustic. The product, m.p. 228-233°, 
was very soluble in hexane and ether but gave thick, hex
agonal prism-like forms on recrystallization. The analytical 
sample thus obtained melted from 233-235° after under
going crystal transition above 228° to whips, [a]1 2D5 —116° 
(CHC13). This compound is 11a hydroxy diosgenin.
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The direction and stereochemistry of the acid- and base-catalyzed opening of 5,10-epoxides of certain 19-norsteroids is 
discussed and the synthesis of several 10/S-hydroxy-19-norsteroids is reported.

The removal of the angular methyl group at 
C-10 of certain steroids such as progesterone2’3 
or 17a-ethinyltestosterone4 has led to a marked in
crease in biological activity. This is particularly 
noteworthy in the latter compound, 19-nor-17a- 
ethinyltestosterone (lb)4 whose high hormonal 
activity1’4 by the oral route has led to the intro
duction of this compound (Norlutin) into medical 
practice. It was felt that it might be of interest to 
examine the effect of other angular substituents 
upon biological potency and the present paper is 
concerned with certain 10/3-hydroxy-19-norsteroids.

Pederson and collaborators5 reported recently 
that microbiological hydroxylation of 19-nortestos- 
terone (la)6 led in poor yield to a 10-hydroxy deriv
ative, whose structure was confirmed by osmium 
tetroxide hydroxy lation7 of the /3. 7-unsaturated 
precursor Ila8 of 19-nortestosterone (la) followed 
by dehydration of the intermediate glycol. The 
stereochemistry of the introduced 10-hydroxyl 
group was not established by the Upj ohn group5 but 
conclusive evidence in favor of the 10/3-orientation 
could be provided9 by noting the coincidence of the 
rotatory dispersion curve of 10 -hydroxy- 19-nortes-

(1) Paper XCVII. D. A. McGinty and C. Djerassi, Ann- 
N. Y. Acad. Sci., 71, 500 (1958).

(2) C. Djerassi, L. Miramontes, and G. Rosenkranz, 
J. Am. Chem. Soc., 75, 4440 (1953).

(3) G. W. Barber and M. Ehrenstein, Ann., 603, 89 (1957).
(4) C. Djerassi, L. Miramontes, G. Rosenkranz, and F. 

Sondheimer, J. Am. Chem. Soc., 76, 4092 (1954).
(5) R. L. Pederson, J. A. Campbell, J. C. Babcock, S. H. 

Eppstein, H. C. Murray, A. Weintraub, R. C. Meeks,
P. D. Meister, L. M. Reineke, and D. H. Peterson, J. Am. 
Chem. Soc., 78,1512 (1956).

(6) A. J. Birch, J. Chem. Soc., 367 (1950); A. L. Wilds and 
N. A. Nelson, J. Am. Chem. Soc., 75, 5366 (1953); J. A. 
Hartman, A. J. Tomasewski, and A. S. Dreiding, J. Am. 
Chem. Soc.. 78, 5662 (1956).

(7) R. L. Pederson and J. C. Babcock, U.S. Patent 
2,806,862.

(8) A. J. Birch and S. M. Mukherji, J. Chem. Soc., 2531 
(1949).

(9) C. Djerassi, R. Riniker, and B. Riniker, J. Am. Chem.
Soc., 78,6377 (1956).

tosterone (IVa) with that10 10 11 12 13 14 of 19-nortestosterone 
(la), where the 10/3-orientation is established. If 
the hydroxylation product had been the 10a-iso- 
mer Via, then the rotatory dispersion curve would 
have been of an antipodal type.11 Consequently, 
10/3-hydroxy-19-nortestosterone (IVa) can now be 
employed as the key reference compound for 
stereochemical considerations in this series.

Since we were interested in preparing 10/3- 
hydroxy-19-norsteroids which might also bear sub
stituents at C-5 (vide infra), the most attractive 
synthesis of 10/3-hydroxy-19-norsteroids might well 
proceed via the 5,10-epoxide (e.g., Ill) of a 5,10- 
unsaturated 19-nor-3-ketosteroid (II). In fact, 
earlier work from this laboratory12 had demon
strated the facile conversion of the epoxy ketone A 
by alkaline treatment to the unsaturated hydroxy 
ketone B and the structural situation should be 
completely analogous in a 5,10-epoxy-3-ketone
(III). Nevertheless, there exists a patent claim13 
that epoxidation of Ha leads to a sharp-melting 
epoxide (Ilia or Va) which upon exposure to 
alkali furnishes both C-10 epimeric hydroxy-19- 
nortestosterones (IVa and Via). The mechanistic 
unlikeliness of such a reaction—assuming the 
epoxide to be homogeneous14—prompted us to re
examine the epoxidation of Ha and to establish

(10) C. Djerassi, R. Riniker, and B. Riniker, J. Am. 
Chem. Soc., 78,6362 (1956).

(11) See C. Djerassi, M. Ehrenstein, and G. W. Barber, 
Ann., 612,93 (1958).

(12) C. Djerassi, O. Mancera, J. Romo, and G. Rosen
kranz, J. Am. Chem. Soc., 75, 3505 (1953).

(13) F. B. Colton, U.S. Patent 2,729,654.
(14) The physical constants of this epoxide are in rea

sonable agreement with those found in our laboratory for a 
homogeneous specimen.
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precisely the stereochemistry of the resulting 
epoxide and of its transformation products.

Treatment of A6(10)-19-norandrosten-17/3-ol-3- 
one (Ila)8 with monoperphthalic acid at low tem
perature furnished in 65% yield a pure epoxide 
which is assigned the 5/3,10/3-stereochemistry 
(Ilia), since uponheating withmethanolic potassium 
hydroxide solution it was transformed smoothly 
into the known5-9 10/3-hydroxy-19-nortestosterone 
(IVa). By the same sequence of reactions, the /3,y- 
unsaturated isomer l ib 15 of 19-nor-17a-ethinyl- 
testosterone (lb)4 was converted into the 5/3,10/3- 
epoxide Illb  and rearranged with alkali to 10/3- 
hydroxy-19-nor-17a-ethinyltestosterone (I Vb).
The 10/3-orientation followed from analogy to the 
course of this reaction sequence in the 19-nortestos- 
terone series (la, Ha, Ilia, IVa) and from the fact 
that its rotatory dispersion curve was nearly iden
tical with that10 of 19-nortestosterone (la).

The predominant formation of the 5/3,10/3- 
epoxide (III) is noteworthy since alpha attack is 
usually favored among steroids and production of 
the a-epoxide (V) might have been expected. 
However in the absence of the angular methyl 
group at C-10, the steric factors controlling ap
proach of the reagent are rather subtle and in 
particular, it should be noted that the 5a, 10a- 
epoxide would contain the unfavorable 9,10-st/n 
backbone in contrast to the 9,10-anti situation 
existing in the /3-epoxide III which may well repre
sent the controlling factor.

As has been reported earlier,1-4 19-nor-17a- 
ethinyltestosterone (lb) is an extremely powerful, 
orally effective progestational agent. In a pre
liminary Clauberg assay in rabbits, the 10/3-hydroxy 
analog IVb possessed16 only about one-fourth the 
oral progestational activity of lb. We can conclude 
tentatively, therefore, that substitution of the C-10 
angular methyl group by hydroxyl does not have 
the biological potentiating effect of substitution by 
hydrogen.

Introduction of fluorine at various positions of 
the steroid molecule often results in interesting 
biological properties17 and this applies also to 
progesterone.18 It was decided, therefore, to prepare 
some fluorine-containing 19-norsteroids by the 
boron trifluoride procedure of Henbest and Wrig- 
ley,19 although it was appreciated that fluoro- 
hydrins have generally been obtained from tri- 
alkylated epoxides while the few tetra-substituted 
ones19 led to dienes. In view of the fact that the 
boron trifluoride-promoted opening of epoxides is

(15) F. B. Colton, U.S. Patent 2,725,389.
(16) The substance exhibited anti-estrogenic activity in 

mice a t a dose of 400y when employing 0.4y of estrone.
(17) See J. Fried and E. F. Sabo, J . Am. Chem. Soc., 

79, 1130 (1957) and earlier references.
(18) P. Tannhäuser, R. J. P ratt, and E. V. Jensen, J. 

Am. Chem. Soc., 78, 2658 (1956).
(19) H. B. Henbest and T. I. Wrigley, J. Chem. Soc.,

4596, 4765 (1957).

very sensitive to electronic and conformational 
factors19 no secure a priori prediction about the 
course of this reaction with 3-keto-5,10-epoxides 
Ilia  and Illb  could be made. When the reaction 
was performed under the conditions reported in 
the Experimental section, there was isolated in each 
case in high yield a single, homogeneous fluoro- 
hydrin which on the basis of the usual trans diaxial 
opening mechanism of epoxides20 could only pos
sess structures Vila and b or ATIla and b. Of the 
two alternatives, VII is favored for the reason al
ready advanced above in a discussion of the 5/3,- 
10/3-epoxide formation, namely the presence of an 
anti 9,10-backbone21 in the fluorohydrins V ila and 
Vllb. Nevertheless, it was felt that this assignment 
should be subjected to more secure confirmation 
and for that purpose, the fluorohydrins V ila and 
Vllb were treated with alkali and in each instance 
yielded the corresponding 10/3-hydroxy-A4-3-ke- 
tones IVa and IVb. This result tends to support 
formulations Vila and Vllb by assuming simple 
base-catalyzed dehydrofluorination, but it is also 
possible that the reaction proceeds by initial base- 
promoted ring closure22 of the fluorohydrin back 
to the epoxide III. Since either fluorohydrin ATI or 
ATII would yield the same epoxide III and since 
the latter has already been shown above to rear
range to the 10/3-hydroxy-A4-3-ketone IV, this alter
native course weakens the structure proof of the 
fluorohydrin. As a result, the epoxy ketone Ilia  was 
treated with perchloric acid in acetone solution to 
yield a gtycol, which was not isolated but which de
hydrated directly to the 10/3-hydroxy unsaturated 
ketone IVa. The glycol had to possess structure IX 
or X and since dehydration in this case would not 
proceed via an epoxide, the orientation of the sur
viving hydroxyl group of the dehydration product 
must be identical with that in the glycol. Since the 
dehydration product was identified as the 10/S- 
hydroxy derivative IVa, the precursor must have 
been the 5a,10/3-glycol IX and we feel justified in 
assuming the identical stereochemical arrangement 
for the fluorohydrin (Vila and b).

In connection with the (perchloric) acid opening 
of the epoxide Ilia , there was also examined the 
stability of the 10/3-hydroxy-A4-3-keto moiety to
ward acidic reagents since Pederson et al.5 mentioned 
in a preliminary communication that acid-catalyzed 
dehydration of 10/3-hydroxy-l 9-nort-estosterone 
(IA7a) led to estradiol without giving any details.

(20) A. Fürst and P. A. Plattner, 12th Internat. Congress 
Pure and Appl. Chem. New York, 1951, Abstracts, p. 409. 
For an example of abnormal epoxide opening see W. S. 
Knowles and Q. E. Thompson, J. Am. Chem. Soc., 79, 
3212 (1957).

(21) The unfavorable trans-syn-trans stereochemistry 
(as in VIII) has already been discussed by W. S. Johnson, 
Exper., 7,315 (1951).

(22) Reformation of a fluorohydrin to the epoxide by 
means of potassium ¿-butoxide has already been reported by 
Henbest and Wrigley (ref. 19).
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In our hands, exposure of the 17-acetate of 10/3- 
hydroxy-19-nortestosterone to hydrogen chloride- 
acetic acid at 5-10° effected the dehydration in 
nearly 80% yield with formation of estradiol 17- 
monoacetate (XI).

The fluorohydrin Vllb or the epoxy ketone Illb  
showed one-fourth or less the oral progestational23 
activity of 19-noretbinyltestosterone (lb).1-4 10/3- 
Hydroxy-19-nortestosterone IVa and the fluoro
hydrin Vllb were examined for androgenic and 
anabolic activity24 in immature male rats using 
testosterone as standard and were found to ex
hibit anabolic-androgenic ratios of 1.5 and 1.7, 
respectively.

(23) These assays were carried out a t the Endocrine 
Laboratories, Madison, Wis.

(24) Assays by Dr. Ralph I. Dorfman of the Worcester
Foundation for Experimental Biology, Shrewsbury, Mass.

E X P E R I M E N T A L 25

6p,10@-Oxido-19-norandrostan-17fl-ol-8-one (Ilia). A solu
tion of 400 mg. of A6<10)-19-norandrosten-17j8-ol-3-one 
(Ila)8 in 10 cc. of chloroform was left with 13.8 cc. of a 0.44W 
ethereal solution of monoperphthalic acid at —70° for 2 hr. 
and then for 18 hr. a t 5-10° whereupon the consumption 
of reagent corresponded to 0.92 molar equivalents. Dilution 
with water, extraction with ether, washing with bicarbonate 
solution and water, followed by drying, evaporation, and 
recrystallization from acetone-benzene furnished 270 mg. of 
the epoxido ketone, m.p. 204-205°. The analytical sample 
was obtained from the same solvent pair and exhibited 
m.p. 208-210°, [o:]d -3 2 , A™011 2.74 and 5.83.

Anal. Calcd. for C,8H260 3: C, 74.44; H, 9.03; O, 16.53. 
Found: C, 74.32; H, 9.08; O, 16.47.

10f3-Hydroxy-19-nortestosterone (IVa). The above 5/3,100- 
epoxide I l ia  (100 mg.) was heated under reflux for 1 hr. 
with 15 cc. of a 5%  methanolic potassium hydroxide solu
tion, poured into water, extracted with ether and the ether 
solution washed well with water and dried. Evaporation 
and recrystallization from acetone-benzene led to 80 mg. of 
lO0-hydroxy-19-nortestosterone IVa, m.p. 208-210°, [a]D 
+  80° (methanol), X®‘°H 234-236 my, log * 4.12, A“ r 3.0 
and 6.02 y .  Except for some intensity differences26 its rota
tory dispersion curve (dioxane solution) was identical 
with th a t9 of the microbiological specimen5 (m.p. 199-205°, 
[a]o +76°) and no depression in melting point was ob
served upon admixture.

Anal. Calcd. for C,8H260 3: C, 74.44; H, 9.03; O, 16.53. 
Found: C, 73.90; H, 8.87; 0,16.94.

Alternatively, 200 mg. of the epoxide I l ia  in 20 cc. of 
acetone was left a t room temperature for 16 hr. with 1.5 
cc. of 1.5N  aqueous perchloric acid and then poured into 
water. After processing in the usual manner followed by 
recrystallization from acetone-ether there wyas isolated 140 
mg. of 10/3-hydroxy-19-nortestosterone, m.p. 208-210°. 
Identity with the above sample was established by mixture 
melting point determination and infrared comparison.

5 a-Fluoro-10$-hydroxy-l 9-norandrostan-l 70-ol-8-one 
(Vila). A mixture of 250 mg. of the epoxide I lia , 30 cc. of 
dry benzene, 15 cc. of absolute ether, and 0.5 cc. of boron 
trifluoride etherate was kept at room temperature for 3 
hr., washed with water, dried, and evaporated. Recrvstalli- 
zation of the residue from acetone-benzene furnished 230 mg. 
of colorless needles, m.p. 203-204°, raised to m.p. 215-217° 
upon repeated recrystallization, [ « ] d  —41°; no appreciable 
ultraviolet absorption, A™( 2.98 and 5.85 y.

Anal. Calcd. for Ci8H27F 0 3: C, 69.65; H, 8.77; F, 6.12. 
Found: C, 70.01; H, 8.59; F, 5.58.

When 140 mg. of the fluorohydrin was heated under re
flux with 5% methanolic potassium hydroxide solution for 
1 hr., there was isolated 90 mg. of lO0-hydroxy-19-nortes- 
tosterone (IVa).

50,10ft-0xido-l 7a-ethinyl-l 9-norandrostan-l 78-ol-S-one 
(Illb). The epoxidation of 400 mg. of 17a-ethinyl-A6(10)- 
19-norandrosten-170-ol-3-one ( lib )15 was performed ex
actly as described above for I la  and yielded 350 mg. of the 
epoxide I llb , m.p. 168-170°. Further recrystallization from 
hexane-acetone provided the analytical sample, m.p. 185- 
187°, [«¡D -7 5 °  (methanol), X*L' 2.85, 3.05, and 5.85 y .

Anal. Calcd. for C20H26O3: C, 76.40; H, 8.34; 0 , 15.26. 
Found: C, 76.63; H, 8.36; 0 , 15.24.

(25) Melting points are uncorrected. Unless noted other
wise rotations were measured in chloroform solution. All 
rotation, rotatory dispersion, ultraviolet and infrared meas
urements were carried out by Dr. L. Throop and staff. 
The microanalyses are largely due to Mr. Joseph F. Alicino, 
Metuchen, N. J.

(26) This is probably due to the fact tha t the product ob
tained by microbiological hydroxylat.ion5 was not com
pletely pure as judged also by the melting point.
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5 a-Fluoro-17 a-ethinyl-19-norandrostane-l Oft,l 7P-diol-8-one 
(Vllb). The boron trifluoride reaction of 200 mg. of the 
epoxide I l lb  waa carried out as described above for I l ia  
and after recrystallization from methanol-benzene there 
was obtained 160 mg. of the fluorohydrin V llb, m.p. 247- 
249°, [aId —39° (methanol).

Anal. Calcd. for C2oH27F 0 3: C, 71.83; H, 8.14; F, 5.68. 
Found: C, 71.71; H, 7.99; F, 5.47.

10(l-Hydroxy-17a-ethinyl-19-nortestosterone (IVb). This 
substance was obtained in about 80% yield when the 
epoxide I l lb  or the fluorohydrin V llb  was heated under 
reflux for 1 hr. with 5% methanolic potassium hydroxide 
solution. The analytical sample crystallized from acetone 
or ethyl acetate and exhibited m.p. 263-264°, [a]D +  4.5° 
(methanol), X**°H 236 mM, log e 4.16, X™' 2.95, 3.05, and
6.04 v. The rotatory dispersion curve measured in dioxane 
solution (c, 0.059) was typical9 of a A4-3-ketosteroid with 
troughs27 a t [a]37o —556° and [aj365 —665° and a peak at 
[a]3eo —604°.

(27) For nomenclature see C. Djerassi and W. Klyne, 
Proc. Chern. Soc., 55 (1957).

Anal. Calcd. for C20H26O3: C, 76.40; II, 8.34; O, 15.26. 
Found: C, 76.22; H. 8.35; O, 15.06.

Dehydration of 10p-hydroxy-19-nortestosterone acetate to 
estradiol 17-acetate (XI). A current of dry hydrogen chloride 
was passed for 2 hr. at 5-10° through a solution of 200 mg. 
of lOjS-hydroxy-19-nortestosterone 17-acetate5 (m.p. 182- 
183°, [< *]d  +70°) in 10 cc. of glacial acetic acid. After 
diluting with water, extracting with ether, washing until 
neutral, drying, and evaporating there was left a solid resi
due which was recrystallized from acetone-hexane to give 
145 mg. of estradiol 17-acetate (XI), m.p. 217-218.5°. 
Identity with an authentic specimen28 was established by 
mixture melting point determination and infrared com
parison.

A p t . P o s t a l  2 6 7 9
M e x i c o , D. F.

(28) C. Djerassi, G. Rosenkranz, J. Romo, S. Kaufmann, 
and J. Pataki, J. Am. Chcm. Soc., 72, 4534 (1950).

[ 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 f  O b s t e t r i c s  a n d  G y n e c o l o s y , U n i v e r s i t y  o f  K a n s a s  M e d i c a l  C e n t e r ]

S y n th esis  o f  Som e 17-M ethyl P h en o lic  Steroids

HAROLD J. NICHOLAS

Received June 2, 1958

17a-Methylestradiol was dehydrated with acid to give a product to which the structure 17-methyl-l,3,5(10),16-estra- 
tetraen-3-ol was assigned. The position of the double bond was not established unequivocally. Pd-on-charcoal reduction of 
the tetraene gave two 17-methyl-l,3,5(10)-estratriene isomers. Neither of the three new compounds was estrogenically 
active a t 5-micrograms in preliminary testing.

Myers et al.1 have stated that “it would be of 
practical as well as theoretical interest if compounds 
could be discovered which possess little or no 
primary hormonal activity, but which still have 
the ability to modify or regulate endocrine balance.” 
With this general objective in mind several 17- 
methyl phenolic steroids of the estrane series were 
prepared; in preliminary testing the substances 
were estrogenically inactive at a 5 microgram level. 
One of the compounds has been mentioned in the 
early literature, but was never properly character
ized.

The starting material for their preparation was 
17a-methyl estradiol, which has been adequately 
characterized and tested;2-4 it is about equal in 
estrogenic activity to 17/3-estradiol. I t has been 
reported6 that dehydration of 17a-methylestradiol

(1) T. C. Myors, R. J. Pratt, R. L. Morgan, J. O’Donnell, 
and E. V. Jensen, J. Am. Chem. Soc., 77, 5655 (1955).

(2) Elsevier’s Encyclopedia of Organic Chemistry, Series 
III, Vol. 14, Supplement, Elsevier Publishing Company, 
New York, N. Y., 1956, p. 1988s. Several foreign patents 
are mentioned in this reference. Only the melting point of 
the free compound is given for characterization.

(3) H. H. Inhoffen and G. Zuhlsdorff, Ber., 74, 604
(1941).

(4) B. C. Bocklage, H. J. Nicholas, E. A. Doisy, Jr., 
W. H. Elliott, S. A. Thayer, and E. A. Doisy, J. Biol. 
Chem., 202, 27 (1953).

in boiling acetic acid, followed by high vacuum 
sublimation gives rise to a substance, m.p. 157— 
159°, having the structure shown in either Ha or
III. In ou.r hands treatment of 17a-methylestradiol 
(I) with either hot acetic acid or hydrochloric 
acid gave a crystalline mixture which could not be 
resolved by fractional crystallization. Chroma
tography on Celite-Mg trisilicate afforded a 
quantitative separation of unreacted I and a second 
crystalline substance. The latter when purified 
melted at 162-162.5°. Julia and Heusser6 in a some
what analogous procedure in the androstane series, 
dehydrated 17-methyl-5-androstene-3/3, 17/3-diol-
3-acetate by mild treatment with phosphorus 
oxychloride-pyridine and (as the diacetate) by 
treatment with acetic anhydride-pyridine. In 
both cases a mixture of 17-methyl and 17-methylene 
dehydration products were obtained, the latter 
identified by its characteristic methylene absorp
tion in the infrared at 11.36/1 and 6.03/i. Only one 
product (besides a small amount of unreacted 
starting material) was found on dehydrating 17a-

(5) Elsevier’s Encyclopedia of Organic Chemistry, Series 
III, Vol. 14, Supplement, Elsevier Publishing Company, 
New York, N. Y., 1954, p. 1514s. Several foreign patents 
herein cited give only the m.p. of the free compound. Pos
sible preparation of the compound is mentioned in Ref. 4.

(6) S. A. Julia and H. Heusser, Helv. Chim. Acta, 35, 
2080 (1952).
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methylestradiol with alcoholic HC1. Barring methyl 
migration such as occurred in the more vigorous 
experiments of Gohen, Cook, and Hewitt,7 or 
unexpected double bond migration (which does 
not seem very likely), the structure of the dehydra
tion product would appear to be that of Ha. There 
is no evidence of methylene bands at 11.36/x and 
6.03/u in its infrared spectrum. Structure III is 
therefore ruled out. However the data do not pro
vide unequivocal evidence for the position of the 
double bond in Ila; further investigation is in 
progress.

1 7 4 8

c,R = Me c, R = Me

Hydrogenation of Ila in the presence of 5% Pd- 
on-charcoal gave a mixture of two isomers, re
solved as their benzoates. It is a general rule that 
hydrogenation of steroids with unsaturation at 
A16'17 gives rise largely or almost exclusively to a 
single 17-epimeride.8 In keeping with the discus
sions of Shoppee and similar hydrogenations in 
the androstane series9 the dextrorotatory isomer 
produced in larger quantity has been called 17/3- 
methyl-l,3,5(10), estratrien-3-ol. (IVa). The other 
isomer, of course, is 17a-methyl-l,3,5(10), estra- 
trien-3-ol(Va). Both compounds exhibited the 
typical phenolic absorption in the ultraviolet at 
280 mju.

B ioassay. Neither of the 17-methyl steroids 
herein reported was estrogenically active in 5 
microgram quantities when tested in adult ovariec- 
tomized mice. The compounds were administered 
subcutaneously in oil in one injection and as
sayed by the Allen-Doisy vaginal smear method. 
When assayed in the same manner 17a-methyl- 
estradiol and estradiol-17/3 produced a response in 
all mice tested at levels of 0.5 microgram. The com
pounds are therefore at least ten times less active 
than the naturally occurring estradiol-17/3 or the 
synthetic 17a-methylestradiol. All free compounds

(7) A. Cohen, J. W. Cook, and C. L. Hewitt, J . Chem. 
Soc., 445 (1935).

(8) C. W. Shoppee, Nature, 166, 107 (1950).
(9) M. Heller and S. Bernstein, J. Am. Chem. Soc., 78,

1161 (1956).

and several derivatives are currently being sub
jected to extensive biological assay.

E X P E R IM E N T A L

All melting points were determined on a Fisher-Johns 
melting point block. For the optical rotations the solvent 
was chloroform. The ultraviolet absorption spectra were 
determined in 95% ethanol with a Beckman model DU 
spectrophotometer. The infrared curves were prepared by 
the KBr disk method on a Baird Associates recording 
spectrophotometer.

17-Methyl-l,3,5(10),16-estratetraen-3-ol (Ila). A solution 
of 1.77 g. of 17a-methylestradiol (m.p. 195-196°; [a]” 0 
+32.2°), prepared according to Bocklage et al.5 and 100 
cc. of N  ethanolic HC1 was refluxed for 24 hr. The slightly 
colored solution was diluted with H20  and extracted with 
ethyl ether. The latter was washed with H20 , distilled, and 
the residue dried in vacuo. The dried semicrystalline residue 
could not be resolved by direct crystallization from a wide 
variety of solvents. I t  was accordingly dissolved in 15 cc. 
of warm benzene and transferred to a 50 g. column of 50/50 
magnesium trisilicate-Celite (Johns-Manville Analytical 
Filter Aid) previously washed with petroleum ether (b.p. 
30-60°). Eight liters of petroleum ether eluted 1.32 g. 
(yield about 94%) of solid which on one crystallization from 
aqueous methanol gave white crystals, m.p. 138-140°. 
A sample after nine crystallizations from aqueous methanol 
or acetone gave 0.84 grams of analytically pure Ila , m.p. 
162-162.5° as thin micro needles; [a]1,,80 +36.6°. 280
mM (EH„. 80).

Anal. Calcd. for OiJhA): C, 85.02; IT, 9.01. Found: C, 
84.98; H, 9.25.

The infrared spectrum of I la  lacked pronounced peaks 
at 9.2, 9.6, and 10.28 y present in 17a-methylestradiol (I). 
An additional 0.38 grams of Ila, m.p. 159-160° was obtained 
from the mother liquor of the above crystallizations. There 
was no evidence of another compound.

Continued elution of the column with 2% ethanol in 
petroleum ether gave 0.44 grams of product which after 
two crystallizations from aqueous methanol melted at 192- 
194°, undepressed on admixture with I.

17-Methyl-l,3,5{10),16-estratetraen-3-ol acetate (lib). The 
free phenol (Ila, 0.262 g., m.p. 162°) was acetylated with 3 
cc. acetic anhydride and 4 cc. of anhydrous pyridine (room 
temperature, 24 hr.). Work-up and repeated crystallization 
(aqueous acetone or methanol) gave minute, glistening 
needles, m.p. 70-71°; [a]),90 —65.8°.

Anal. Calcd. for C2iH260 2: C, 81.25; II, 8.44. Found: C, 
81.27; H, 8.19.

17-Melhyl-l,3,5(10),16-estrat.etraen-3-ol benzoate (lie). The 
free phenol (Ila, 0.083 g.) was treated with 20 cc. of 10% 
aqueous KOH and 1 cc. of benzoyl chloride. Work-up in 
the usual manner and crystallization to constant melting 
point from methanol-acetone mixtures gave jagged needles, 
m.p. 149-150°; [qTd9° -73.8°.

Anal. Calcd. for C+tRsCh: C, 83.84; H, 7.57. Found: 
C, 83.84; H, 7.56.

Saponification of the acetate or benzoate gave free 17- 
methyl-l,3,5(10),16-estratetraen-3-ol (Ila), m.p. 162°.

Hydrogenation of 17-methyl-l,3,5{10),16-estratctraen-3-ol. 
Attempts to selectively hydrogenate the AI6’17-bond of I la  
in the presence of Pt, Ni, or Pd catalyst were unsuccessful; 
only oils with no characteristic phenolic absorption (280 my.) 
■were obtained.10

Ila  (0.884 g.) and 0.8 g. of 5% Pd-on-charcoal in 100 cc. 
absolute ethanol were shaken under 60 p.s.i. hydrogen for 9

(10) Probably the “ 17-methyl octahydrofollicular hor
mone” (no constants given) of German Patent 643,979
(1937); Schering-Kahlbaum A.-G. According to this refer
ence the substance shows weak androgenic activity in the 
capon test.
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hr. Removal of catalyst and solvent gave an oil from 
which no crystalline product could be obtained. Elution 
from a magnesium trisilicate (50/50) column with petroleum 
ether gave 0.905 g. of light colored oil which likewise could 
not be crystallized.

Isolation of 170-methyl-l,3,5{lO)-estratrien-3-ol benzoate 
(IVb). The above oil was treated with 25 cc. 10% aqueous 
KOH and 5 cc. benzoyl chloride. Work-up gave a light oil 
which crystallized from methanol as a good crop of jagged 
needles, m.p. 134-135°. Several crystallizations from acetone 
gave white rods, m.p. 160-161.5°, unchanged by an addi
tional crystallization from methanol-benzene; [a l” 0 +43.5°.

Anal. Calcd. for C26H3o02: C, 83.38; H, 8.07. Found: 
C, 83.20; H, 8.01.

178-Methyl-l,3,5(10)-estratrien-3-ol (IVa). The previous 
benzoate (IVb, 0.271 g.) was refluxed in 20 cc. of 5% ale. 
KOH for 1 hr. Work-up and crystallization to constant melt
ing point from aqueous methanol gave micro needles, m.p. 
133-135°, not raised by an additional crystallization from 
aqueous acetone: [a])f° +92.5°. Ama* 280 m/x (E}®„ 80).

Anal. Calcd. for Ci9H260 : C, 84.39; H, 9.68. Found: C, 
84.20; H, 9.49.

17p-Methyl-l,3,5{10)-estratrien-8-methyl ether (IVc). The 
free phenol (IVa, 0.125 g.) was treated with 1 cc. of dimethyl 
sulfate and 20 cc. of 10% aqueous KOH. Work-up gave a 
colorless oil which could not be crystallized. Sublimation at 
70° on a cold finger at 2.5 X 10 ”3 mm. pressure gave a color
less oil; [ « I d80 +53.1°. Amax  280 mu.

Anal. Calcd. for C20H28O: C, 84.45; H, 9.92. Found: C, 
84.36; H, 9.70.

Acetylation of IVa gave an oil which could not be crystal
lized and was not analyzed. Saponification of this oil gave 
IVa, m.p. 130°.

Isolation of 17a-methyl-l,3,5{10)-estratrien-3-ol benzoate 
(Vb). Following the removal of as much IVb as possible by 
crystallization from methanol, the mother liquor was freed 
of solvent, leaving an oily deposit. This was saponified, but 
the resulting oil could not be crystallized, even after chro

matography on alumina. I t  was rebenzoylated (benzoyl 
chloride in aqueous alkali) and the crude product in methanol 
gave a small deposit which was filtered and discarded. The 
filtrate was free of solvent and the residue was dissolved in 
aqueous acetone. Eventually 0.243 g. of needles deposited. 
Crystallization to constant melting point from aqueous 
acetone-methanol gave brilliant needles, m.p. 118-120°; 
M d ° -50.7°.

Anal. Calcd. for C26H3o02: C, 83.38; H, 8.07. Found: 
C, 83.37; H, 8.07.

17a-Methyl-1,3,5(10)-estratrien-3-ol (Va). Saponification of 
the benzoate Vb (0.130 g.) gave small, pearly scales. Crystal
lization to constant melting point gave white crystals, m.p. 
129-129.5°; [a]1,,70 -79.1°. Amax 280 m« (Ej”L. 81).

Anal. Calcd. for CiJUsO: C, 84.39; H, 9.68. Found: 
C, 84.49; H, 9.51.

17a-Methyl-l,3,5(10)-estratrien-3-methyl ether (Vc). The 
free phenol Va (0.020 g.) was treated with 20 cc. 10% 
aqueous KOH and 1 cc. dimethyl sulfate. Work-up gave an 
oil which could not be crystallized. Sublimation at 70° 
under 2.5 X 10-3 mm. Hg (cold finger apparatus) gave 0.015 
g. of colorless oil which could not be crystallized.

Anal. Calcd. for C2oH2S0 : C, 84.45; H, 9.92. Found: C, 
84.40; H, 9.96.

Acetylation of Va (pyridine, acetic anhydride, room 
temp.) gave a non-crystallizable oil which was not analyzed. 
This oil on saponification gave free V, m.p. 126-128°.
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An improved synthesis of p-[V,V-bis(2-chloroethyl)amino]benzaldehyde (benzaldehyde mustard) is described. Nitrogen 
mustard derivatives of cinchophen and barbituric acid have been prepared. Condensation products of benzaldehyde mustard 
and active methyl derivatives of selected heterocyclic compounds have been prepared. Representative benzylidene acyl 
hydrazidos have been prepared from benzaldehyde mustard.

Compounds containing the |8,/3'-bischloroethyl- 
amino grouping, otherwise known as nitrogen 
mustards, have frequently displayed selective action 
against neoplastic cells as compared to normal cells.2 
The concept of a pharmacologically active substance 
being composed of an active moeity and a carrier

(1) This work was supported by Research Grant CY-2961 
from the National Cancer Institute of the Public Health 
Service.

(2) The entire field has been reviewed in the monograph 
Comparative Clinical and Biological Effects of Alkylating 
Agents, Annals of the New York Academy of Sciences, Vol.
68, Art. 3 (April 24, 1958).

moeity was first put forward by Ing.3 The genesis of 
the present study was based on this concept.

Considerable information is at hand concerning 
the. absorption and fate of the drug, cinchophen 
(2-phenylquinoline-4-carboxylic acid)4 so that it 
seemed reasonable to expect that cinchophen 
might act as a carrier molecule to direct a mustard 
grouping to some effective locus of action. A logical

(3) H. R. Ing, Trans. Faraday Soc., 39, 372 (1943); see 
also ref. 2, p. 1238.

(4) L. S. Goodman and A. Gilman, The Pharmacological 
Basis of Therapeutics, 2nd ed., The Macmillan Co., New 
York, 1955, p. 301.
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position for incorporation of such a group appeared 
to be the para  position of the 2-phenyl group.

For the preparation of 2-[4'-[Af,Af-bis(2-chloro- 
ethyl)amino]phenyl]quinoline - 4 - carboxylic acid
(IV) initial investigations vere directed toward 
finding suitable methods for alkylating 2-(4'- 
aminophenyl)quinoline-4-carboxylic acid. Either 
ethylene oxide or ethylene chlorohydrin would be 
expected to produce the iV,V-bis(2-hydroxyethyl)- 
amino compound,5 6 the hydroxyl groups of which 
could then be replaced by chlorine by standard 
methods for the preparation of nitrogen mustards. 
However, quantitative dialkylation was difficult, 
and the extreme and closely similar insolubilities 
of the starting material, monoalkylated product, 
and the desired dialkylated product in most sol
vents made fractional crystallization at best tedious 
and wasteful. Attention was therefore directed to 
an alternate synthesis.

The Doebner quinoline synthesis proceeds nor
mally with p-aminobenzaldehydes,6 the conditions 
of this synthesis appear to be sufficiently mild to 
apply in the presence of the solvolytically active 
nitrogen mustard grouping, and the intermediate 
p- [V,V-bis(2 -chloroeth3d)aminobenzaldehyde has 
been described.7 This approach was accordingly 
adopted.

/ ) -N (C H 2CH2OH)2
I

poci, / —\
— -— ► />-N (C H 2CH2Cl)2

N— /  II

■HJ * * % * - 0HC N(CH2CH2C1)2
III

\  /)-N (C H ,C H 2Cl)2

Chlorination of V-phenyldiethanoiaminc (I) has 
been reported by Ross6 and the subsequent intro
duction of the p-formyl group to yield III has been 
described bĵ  Anker and Cook.7 Chlorination of I 
with phosphorus oxychloride proceeded well, but 
the ease of isolation of the product (II) was greatly 
facilitated by modification of Ross’ procedure as 
given in the experimental part. The formylation 
step leading to III was done following the pro
cedure of Campaigne and Archer,8 which substi
tutes dimethylformamide for Ar-me thy If orman i 1 ide 
as used by Anker and Cook.7 Excellent yields of 
III were thus obtained.

Under the standard Doebner conditions, III 
reacted smoothly with aniline and pyruvic acid.

(5) W. C. J. Ross, J. Chem. Soc.. 183 (1049).
(6) R. Cuisa, Gazz. chim. Hal., 46, I, 135 (1916); R. F. 

Brown, et al., J . Am. Chem. Soc., 68, 2705 (1946).
(7) R. M. Anker and J. H. Cook, J. Chem. Soc., 489

(1944).
(8) E. Campaigne and W. L. Archer, Org. Syntheses, 33,

27 (1953).

Slightly less than one equivalent of aniline was 
used to minimize the possibility of piperazine for
mation by reaction of the mustard group with any 
excess aniline. No difficulty from this source was 
encountered.

Cinchophen mustard (IV) showed no tendency 
to undergo solvolysis with ethanol. It is slightly 
soluble in 10% hydrochloric acid and soluble in 
concentrated hydrochloric acid forming a red 
solution typical of the 4'-aminocinchophen deriva
tives. It was soluble in 10% sodium carbonate solu
tion forming a yellow solution likewise character
istic of these compounds. In sodium hydroxide some 
tar formation occurred. These solubility data indi
cate that the Doebner reaction proceeded as formu
lated to give IV and not the annoying by-product 
sometimes obtained, which in this case would be 
1 -phenyl-5- {p- [Ar,Ar-bis(2 - chloroethyl)amino ]phen- 
yl}-2,3-pyrrolidinedione-3-anil. Further, IV gives 
a precipitate slowly with cold alcoholic silver ni
trate and instantly when hot. This is highly sug
gestive that the mustard function is intact and not 
in the form of the cyelized ethylenimmonium salt 
which would be expected to react insta-ntly with 
silver ion even in the cdld.

With benzaldehyde mustard (III) readily avail
able, attention was next directed to its incorpora
tion into other molecules which may be expected to 
show tumor inhibitory properties. For this purpose 
advantage was taken of the reactivity of the alde
hyde group in III in various condensation reactions 
involving active methylene groups and hydrazides. 
Condensation of III with 3-methyl-1-phenyl-5- 
pyrazolone,7 with 6-ethoxythioindoxyl7 and with 
oxindole9 has been reported. Anker and Cook7 
prepared a number of cyanine dyes by condensa
tion of III with various quaternized heterocyclic 
systems containing activated methyl groups. In 
view of the sensitivity of the mustard grouping 
in III the choice of a condensing agent is rather 
severely limited.

2-[p-(Dimethylamino)styryl]quinoline has been 
mentioned as a tumor growth inhibitor10 and con
siderable literature exists on 4-(p-(dimethylamino)- 
styry]]quinoline.H It therefore seemed advisable 
to investigate condensation of III with representa
tive methylquinolincs. Since 2,4-dimethylquinoline
(V) presented the possibility of the introduction 
of two mustard groups, this was selected for in
vestigation. A series of experiments involving 
condensation of III with V in the presence of 
catalysts such as acetic anl^dride, zinc chloride, 
and hydrochloric acid was carried out. With 
the latter two only intractable tars were obtained. 
However, when acetic anhydride was the catalyst, 
a monostyryl derivative was obtained as the hydro-

(9) Brit. Patent 595,571, Dee. 9, 1947.
(10) W. J. P. Neisb, Itec. trav. chim., 67, 374 (1948).
(11) See C. T. Bahner and It. Neely, J. Org. Chem., 22, 

1109 (1957), and references contained therein.
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N(CH2CH2C1)2

chloride. We believe that this substance is the 
hjulrochloride of 2-[4'-[W,AT-bis(2-chloroethyl) ]- 
amino) styryl-4-methylquinoline (VI) for the fol
lowing reasons. In general, the reactivity of a 4- 
methyl group in quinoline is less than that of a 
2-methyl group. In order to secure condensation 
of lepidine with benzaldehyde, use of zinc chloride 
and relatively high temperatures is necessary.12-13 
Further, Kaslow and Stayner report that whereas 
2-styrylquinoline can be prepared with acetic 
anhydride, zinc chloride is necessary for the prepa
ration of 4-styrylquinoline.

Attempted condensation of III with 2-methyl- 
benzimidazole in the presence of acetic anhydride 
or piperidine and hydrochloric acid resulted either 
in tar formation or in recovery of starting materials. 
The stability of III under these conditions is note
worthy. It appears that the aldehyde group of III 
is much less reactive in these condensations than 
the aldehyde group of benzaldehyde.

In view of the successful preparation of a series 
of cyanine dyes from III,7 attention was turned to 
condensation of III with quaternized heterocycles.
2,3-Dimethylbenzothiazolium iodide, 2,3-dimethyl- 
benzoxazolium iodide, and 1,2,3-trimethylbenzi- 
midazolium iodide condensed easily with III in 
refluxing ethanol with piperidine as catalyst to 
give VII, VIII, and IX, respectively. The products 
crystallized directly in pure form, but some de
composition occurred on recrystallization. I t is 
interesting that the benzothiazolium salt was con
siderably more reactive than the benzimidazolium 
salt which required a much longer time for reaction 
to go to completion.14

X
CH=CH
I-

/ /
N
CH3

VII, x  = s
VIII, x  = o  

IX,X = NCH

>N(CH2CH2C1)2

N íCH2CH2C1)2

In contrast to these facile condensations, when 
condensation of 1,2,4-trimethylquinolinium iodide 
with III v/as attempted with piperidine as a catalyst 
no product could be isolated. However, when the 
reactants were boiled in acetic anhydride X was 
readily obtained. The structure of X is based on 
arguments similar to those used for VI.

Condensation of III with barbituric acid was 
almost instantaneous without a catalyst and gave 
a substantially quantitative yield of 5-(4'-[V',V- 
bis(2-chloroethyl) amino Jbenzylidene) barbituric 
acid.

Cinchophen hydrazide condenses with benz
aldehyde in refluxing ethanol to give the benzyli- 
dene derivative in high yield.15 Under the same 
conditions the p-(V,X-bis(2-chloroethyl)amino]- 
benzylidene hydrazide was formed from III. The 
analogous hydrazide mustards from p-aminoben- 
zoic acid hydrazide and isonicotinic acid hydrazide 
were formed even more easily.

Finally, direct condensation of III with o- 
phenylenediamine was investigated. Depending on 
conditions, o-phenylenediamine can cyclize with 
benzaldehyde in two ways to give either XIa 
or X lla. Compounds of the type of XI are 
formed when salts of aromatic o-diamines are 
treated with aldehydes.16 Compounds of the type 
of X II are formed when o-phenylenediamine and 
the aldehyde are refluxed in benzene solution in 
the presence of palladium on charcoal catalyst or 
alone in nitrobenzene.17

XIa, R = H
Xlb, R = N (CH2CH2C1)2

When III was refluxed with o-phenylenediamine 
in nitrobenzene for ten minutes, a greenish gray 
solid, m.p. 283°, was formed. No solvent could be

(12) O. Fischer, G. Scheibe, P. Merkel, and R. Muller, 
J. prakt. Chem., [2] 1 0 0 , 8 6  (1920).

(13) C. E. Kaslow and R. D. Stayner, J. Am. Chem. Soc., 
67, 1716 (1945).

(14) Cf. J. B. L. Smith, J. Chem. Soc., 123, 2288 (1923).

(15) H. John. Ber., 59, 1447 (1926).
(16) A. Ladenburg, Ber., 11, 590, 600, 1648 (1878); 

A. Ladenburg and T. Engelbrecht, Ber., 11, 1653 (1878).
(17) D. Jerchel, M. Kracht, and K. Knicker, Ann., 590, 

232 (19541.



1 7 5 2 E LD E R FIEL D , COVEY, G EID U SC H EK , M EYER, ROSS, AND ROSS VOL. 2 3

found for recrystallization. However, when III and
o-phenylenediamine were refluxed in benzene in 
the presence of palladium on charcoal with a stream 
of air crystalline material which could be recrystal
lized from methanol was obtained. The infrared 
spectra of the two substances showed marked dif
ferences. Analytical data for the crystalline sub- 
tance agreed with those demanded by structure 
X llb.

Results of tests of these compounds against 
experimental tumors will be reported elsewhere.

E X PE R IM E N T A L 18’19

N  ,N-bis(2-chloroethyT)aniline (II). The procedure was a 
modification of that of Ross. 6 To 170 g. (102 ml., 1 . 1  mole) 
of phosphorus oxychloride chilled in an ice bath 100 g. (0.55 
mole) of V-phenyldiethanolamine (Tennessee Eastman Co. 
technical grade) was slowly added. After the addition was 
complete, the mixture was warmed on the steam bath for 1  

hr. and then taken up in 500 ml. of benzene. The benzene 
solution was poured onto 500 g. of ice'and the layers were 
separated. The aqueous layer was washed with three 50-ml. 
portions of benzene and the combined benzene solutions 
were dried over anhydrous magnesium sulfate. Removal of 
the benzene left an oil which was taken up :n the minimum 
amount of hot absolute methanol. On chilling with stirring 
98 g. (82%) of product, m.p. 41-45°, separated (reported 
m.p. 49°). By use of this inverse quenching of the reaction 
mixture no difficulty in inducing the crude material to 
crystallize was encountered, even when the alumina chro
matography step included in the procedure of Ross was 
omitted.

p-lN,N-bis(2-chloroethyl)amino]benzaldehyde (III). A 
method similar to that described by Campaigne and Archer8 

for the formylation of dimethylaniline was used. Tc an ice 
cold solution of 70 g. (42 ml., 0.46 mole) of phosphorus oxy
chloride in 340 ml. of dimethylformamide was added slowly 
with stirring and cooling in ice a solution of 98 g. (0.45 mole) 
of Ar,Ar-bis(2-chloroethyl)anihne in 340 ml. of dimethyl
formamide. After the addition was complete, the solution was 
held at 5° for 15 min. and then warmed to 40° for 2 hr. The 
mixture was poured into one kilogram of ice and water and 
the purple solid which precipitated rapidly was filtered off 
at once. This was starting material. The filtrate rapidly 
deposited a copious precipitate of the desired aldehyde as 
long tan needles, m.p. 85-88°. After one recrystallization 
from ethanol 81 g. (73%) of white product, m.p. 85-88°, was 
obtained. Reported m.p. 8 8 .5° . 7

In larger scale runs complete removal of the purple con
taminant was not accomplished in the initial workup. In 
order to remove this a solution of the crude product in 
benzene-petroleum ether was passed over a column of 
alumina which retained the pigment. Also the amount of 
dimethylformamide used could be halved.

2-{ 4- [N,N-(bis-2-chloroethyl)amino]phenyl }quinoline-4~ 
carboxylic acid (IV). To a refluxing solution of 65 g. (0.264 
mole) of I II  and 24 g. (0.272 mole) of pyruvic acid in 750 ml. 
of ethanol was added dropwise a solution of 24 g. (0.258 
mole) of aniline in 250 ml. of ethanol. After the addition was 
complete, the solution was refluxed for 2  hr. and cooled to 
room temperature with stirring. The orange solid. 50 g. 
(50% based on aniline), was collected. After several re
crystallizations from dimethylformamide-methanol (70% 
recovery) the material as a rule melted a t 2 0 0 - 2 0 2 ° with 
decomposition although this was somewhat variable.

(18) All melting points are corrected.
(19) Mic.roanalyses by Spang Microanalytical Labora

tory, Ann Arbor, Mich.

Anal. Calcd. for C ^ s C k N A :  C, 61.7; H, 4.7; Cl, 18.2; 
N, 7.2. Found: C, 61.8, 61.6; H, 5.1, 5.0; Cl, 18.3, 18.3; 
N, 7.4, 7.1.

The compound is slightly soluble in 10% hydrochloric 
acid, soluble in concentrated hydrochloric acid, and soluble 
in 10% sodium carbonate. I t  is insoluble in water and slightly- 
soluble in ethanol, dioxane, acetonitrile, and propylene gly
col. I t  gives a slow precipitate with alcoholic silver nitrate 
in the cold and a rapid precipitate when hot.

2-{ 4- [N,N-bis(2-chloroethyl)amino]styryl}-8-methylbenzo- 
thiazolium iodide (VII). A mixture of 4.0 g. (0.014 mole) 
of 2,3-dimethylbenzothiazolium iodide, 20 4.0 g. (0.016 mole) 
of III, 125 ml. of absolute ethanol and 6  drops of piperidine 
was heated under reflux with stirring. The solution became 
dark red and after 2 hr. a dark solid separated. After cool
ing with stirring, the reddish brown crystals were collected 
and washed with ethanol. The yield of material, m.p. 205.5° 
(dec.), which was analytically pure, was 5.0 g. (71%). The 
substance could be recrystallized from methanol or from 
acetic acid. However, the melting point of the material from 
either of these solvents was lowered.

Anal. Calcd. for C20H 21C12INS: C, 46.3; H, 4.1, N, 5.4. 
Found: C, 46.2; H, 4.1; N, 5.4.

2-{4'- [N,N-bis(2-chloroethyT)amino]styryl\-8-methylbenz- 
oxazolium iodide (VIII) was prepared by the above pro
cedure from 2,3-dimethylbenzoxazolium iodide2 1  except 
that 50 ml. of absolute ethanol were used. The yield of lus
trous magenta crystals, m.p. 202.5-203.5° (dec.), was 59%. 
Recrystallization from 1:1 ethanol-methanol lowered the 
melting point.

Anal. Calcd. for CjoR hCIJN sO: C, 47.7; II, 4.2; N, 5.6. 
Found: C, 47.6; H, 4.1; N, 5.5.

2- {4 [N,N-bis( 2-chloroethyl) amino ]styryl}-l, S-dimethyl- 
benzimidazolium iodide (IX). The above procedure was 
applied to 1,2,3-trimethylbenzimidazolium iodide2 2  using 
75 ml. of absolute ethanol and 1 ml. of piperidine. The reflux 
period was 6  hr. The yield of fine yellow crystals, m.p. 219° 
(dec.), was 54%.

Anal. Calcd. for C21H 24C12IN 3: C, 48.8; H, 4.7; N, 8.1. 
Found: C, 48.5; H, 4.5; N, 7.9.

2-{ 4 [N,N-bis(2-chloroethyl)amino ]styryl }-l ,4-dimethyl- 
quinolinium iodide (X). A mixture of 3.0 g. (0.01 mole) of
1.2.4- trimethylquinolinium iodide, 2.46 g. (0.01 mole) of 
III, and 30 ml. of acetic anhydride was refluxed for 1 hr. 
The dark solution was cooled and poured into 200 ml. of 
ether. The solid was collected, washed with 200 ml. of ether, 
ground in a mortar, and triturated with 1 0 0  ml. of ether. 
The dark red microcrystalline powder did not react with
2.4- dinitrophenylhvdrazine. I t  was suspended in ether, left 
overnight with occasional shaking, and collected. After 
three such treatments the m.p. was 87-93° (dec.). Yield 
76%.

Anal. Calcd. for C23H-,5C12IN ,: C, 52.4; H, 4.8; N, 5.3. 
Found: C, 52.4; H, 4.9; N, 5.4.

2-(4'- [N,N-bis-( 2-chloroethyl) amino ]styryl J -4-methyl- 
quinoline hydrochloride (VI). A mixture of 2.5 g. (0 . 0 2  mole) 
of III, 3.1 g. (0.02 mole) of 2,4-dimethylquinoline, and 1.0 
g. (0.01 mole) of acetic anhydride was refluxed at 135-140° 
for 4 hr. The dark, oily material which formed was taken 
up in ethanol and an ethereal solution of hydrogen chloride 
was added. Crystallization of the hydrochloride was initiated 
by vigorous scratching and gradual cooling. After several 
recrystallizations from ethanol-ether red crystals, m.p. 2 2 0 -  
2 2 2 °, were obtained.

Anal. Calcd. for C22H 23C13N2: C, 62.6; H, 5.5. Found: 
C, 62.6; H, 5.4.

2-14'- [N,N-bis{2-chloroethyl) amino ]phenyl J benzimidazole 
X II 6 . A solution of 3.24 g. (0.03 mole) of o-phenylenedi- 
amine and 7.4 g. (0.03 mole) of III  in 500 ml. of benzene 
was refluxed with 2 g. of 5% palladium on charcoal for 18

(20) W. H. Mills, J. Chem. Soc., 121, 455 (1922),
(21) L. M. Clark, J. Chem. Soc., 234 (1926).
(22) O. Fischer, Ber., 25, 2838 (1892).
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hr. during which air was passed through the mixture. After 
filtering the hot solution, almost colorless needles, m.p. 
139-140°, deposited on cooling. The yield was 7.3 g. (73%). 
Recrystallization from methanol resulted in lowering of the 
melting point.

Anal. Calcd. for C17H 17CI2N 3 : C, 61.1; H, 5.1; N, 12.6. 
Found: C, 61.5; H, 5.1; N, 12.7.

2-Phenylquinoline-4-carbox-[4'-bis(2-chloroethyl)amino]- 
benzylidenehydrazide. A mixture of 5.0 g. (0.019 mole) of 
2-phenylquinoline-4-carboxhydrazide.2 3  24’2 1 4.7 g. (0.019 mole) 
of III  and 350 ml. of absolute ethanol was heated under 
reflux. After 1 hr. yellow needles began to separate. After 
heating for 5 hr. and cooling 9.2 g. (99%) of the hydrazide, 
m.p. 208.5-210.5° with darkening at 180°, separated. Re
crystallization from 30 ml. of dimethylformamide and 200 
ml. of ethanol gave clusters of fine yellow needles, m.p.
214.5-215.5° (dec.). The infrared spectrum showed bands 
a t 3160 and 1650 cm.

Anal. Calcd. for C27H 24Cl2N 4 0 2: C, 66.0; H, 4.9; Cl, 14.4; 
N, 11.4. Found: C, 66.1; H, 4.9; Cl, 14.6; N, 11.5.

4-Aminobenz[4'-bis{2-chloroethyl)amino]benzylidenehydra- 
zide. This was prepared as in the above case from 4-amino- 
benzhydrazide . 25 The hydrazide separated after 10 min. and 
refluxing was continued for 20 min. The yield of crude mate
rial, m.p. 183.5-184.5°, was quantitative. Recrystallization 
from 1:5 dimethylformamide-absolute ethanol gave pale 
yellow needles, m.p. 185.5°. The infrared spectrum showed 
bands at 3350, 3200, and 1620 cm . _ 1

(23) H. John, Ber., 59B, 1447 (1926).
(24) R. I. Meitzer, et al., J . Am. Pharm. Assoc., 42, 594 

(1953).
(25) T. Curtius, J. prakt. Chem., [2] 95, 335 (1917).

Anal. Calcd. for C^HmC I ^ O :  C, 57.0; H, 5.3; Cl, 18.7; 
N, 14.8. Found: C, 57.1; H, 5.2; Cl, 18.6; N, 14.7.

4- Aminopyridinecarbox[4'-bis(2-chloroethyl)amino]benzyl- 
idenehydrazide. The procedure was the same as in the above 
cases starting from isonicotinic acid hydrazide . 26 After re
fluxing for 2 0  min., the deep yellow solution was filtered 
hot. On cooling the hydrazide, m.p. 202.5-204.5° (dec.) 
with darkening a t 195°, crystallized. Recrystallization from 
1 : 6  dimethylformamide-absolute ethanol raised the m.p. 
to 203-205.5° (dec.). The infrared spectrum showed bands 
a t 3160 and 1650 cm . - 1

Anal. Calcd. for Ci,H 18Cl2N 40 : C, 55.9; H, 5.0; Cl, 19.4; 
N, 15.3. Found: C, 56.2; H, 4.9; Cl, 19.3; N, 15.6.

5- { 4 '- [N.N-bis(2-chloroethyl)amino]benzylidene) barbituric 
acid. A warm solution of 1.23 g. (0.005 mole) of I II  in 25 
ml. of ethanol was added to a warm solution of 0.64 g. (0.005 
mole) of barbituric acid in 6  ml. of water. After heating on 
the steam bath for 2  min., 1 . 1  g. of orange crystals, m.p. 
268° (dec.) separated. From the mother liquor another 570 
mg. was obtained, making the total yield 94%. No further 
purification was necessary. The compound is sparingly 
soluble in most solvents and quite soluble in dimethylform
amide.

Anal. Calcd. for CI6H 16C12N 30 3: C, 50.6; H, 4.2; N, 11.7. 
Found: C, 50.7; H, 4.2; N, 11.9.
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6 - A m in o -  a n d  2 ,6 - d i a m i n o - 9 - ( 6 '- d e o x y - / 3 - D - g l u c o f u r a n o s y l ) p u r i n e  (XV a n d  XVI) h a v e  b e e n  s y n t h e s i z e d  f r o m  D -g lu c o s e  
via t h e  k e y  i n t e r m e d i a t e s  6 - d e o x y - l , 2 - 0 - i s o p r o p y l i d e n e - D - g l u c o f u r a n o s e  (VII) a n d  l , 2 - d i - 0 - a c e t y l - 3 , 5 - d i - 0 - b e n z o y l -
6 - d e o x y - D - g lu c o f u r a n o s e  (IX).

Synthesis of 5'-C'-alkylpentofuranosyl nucleo
sides as possible inhibitors of cellular synthesis or 
utilization of nucleosides (I, R = II) and nucleo
tides has been the subject of several previous papers 
of this series. 9-a-L-Rhamnofuranosyladenine2 was 
synthesized from rhamnose. Similarly, the two 
possible 5-C-methyl-D-ribose nucleosides (I, R = 
CH3), namely, 9-(6'-deoxy-/3-D-allofuranosyl) ade
nine3 and 9-(6'-deoxy-a-L-talofuranosyl)adenine,4

(1) This program is under the auspices of the Cancer 
Chemotherapy National Service Center, National Cancer 
Institute, and is in collaboration with the Sloan-Kettering 
Institute of Cancer Research. For the preceding paper of 
this series cf. R. Koehler, L. Goodman, J. DeGraw, and 
B. R. Baker, J. Am. Chem. Soc., in press.

(2) B. R. Baker and K. Hewson, J. Org. Chem., 22, 966 
(1957).

(3) E. J. Reist, R. R. Spencer, L. Goodman, and B. R.
Baker, J. Am. Chem. Soc., 80, 3692 (1958).

have been described. Since 9-/?-D-xylofuranosyl- 
adenine (II, R = H)2 has shown weak anticancer 
activity against Carcinoma 755,6 the synthesis and

(4) E. J. Reist, L. Goodman, and B. R, Baker, J. Am. 
Chem. Soc., in press..

(5) Dr. F. M. Schabel, Jr., Southern Research Institute, 
Birmingham, Ala., unpublished results.
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testing of its two 5'-C-methyl derivatives (II, R 
= CH3) was considered to be of interest in this 
general program. Introduction of the 5'-C-methy! 
group in II gives an additional asymmetric center 
at the 5'-position, thus leading to two isomers of 
II. The synthesis of the nucleosides derived from 
one isomer, 6'-deoxy-D-glucofuranose, is the sub
ject of this paper. The synthesis of nucleosides de
rived from the second isomer, 6'-deoxy-n-idofura- 
nose, is the subject of a following paper.

T h e  first k ey  in te rm e d ia te  in th e  p ro jec ted  sy n 
th es is  is 6 -deoxy-l,2 -0 -isopropy lidene-D -g lucofu ra- 
nose (VII), w hich  h as  been  p rev iously  syn thesized  
b y  h y d ro g e n a tio n  of 5 ,6 -an h y d ro -l,2 -0 -iso p ro p y li-  
dene-D -glucofuranose (VIII) using  a  p a llad iu m 6 or 
R a n e y  nickel c a ta ly s t.7 I t  has  now  been  fo u n d  th a t  
lith iu m  a lu m in u m  h y d rid e  is a  co n v en ien t reag en t 
fo r th is  red u c tio n . P re p a ra tiv e ly , th e  sequence w as 
considerab ly  sh o rten ed  b y  to sv la tio n , th e n  a c e ty la 
tio n  of 1 ,2-0-isopropylidene-D -glucofuranose (III) 
in  th e  sam e so lu tion  to  g ive  th e  c ru d e  d ia c e ta te  V. 
R ed u c tio n  of V w ith  lith iu m  a lu m in u m  h y d rid e  
p roceeded  th ro u g h  th e  5 ,6 -an h y d rc  su g a r VIII, 
g iv ing  a  considerab ly  b e tte r  over-a ll y ie ld  of 6- 
deoxy-1 ,2-0-isopropylidene-D -glucofuranose (VII) 
th a n  could  be o b ta in ed  b y  iso la tion  of th e  v a rio u s  
in te rm ed ia te s .

Benzoylation of VII afforded the dibenzoate VI 
as a crystalline solid with good crystallizing powers. 
It was found that the dibenzoate VI was more 
easily purified than V II; thus better over-all yields 
of the dibenzoate VI were obtained when VII was 
not purified. By not isolating each intermediate, 
the over all yield of VI from III was increased 
about threefold.

Although the diacetate of VII has been previously 
described,6 the benzoyl blocking groups are consid
ered superior to acetyl for further transformations8 
necessary to synthesize the required nucleosides.

H y d ro ly sis  of th e  isopropy lidene g ro u p  of VI 
w ith  a  m ix tu re  of acetic  acid an d  h y d ro ch lo ric  acid  
g av e  a  75%  yield  of 3 ,5-d i-0 -benzoy l-6 -deoxy-n- 
g lucofu ranose (X) as a  glass th a t  w as hom ogeneous 
w hen  c h ro m a to g rap h ed  on a c e ty la te d  p a p e r14 a n d  
w as free  of s ta r tin g  m a te ria l (VI). C onversion  of X 
to  th e  te tra b e n z o a te  XI or to  th e  1 ,2 -d iace ta te  IX 
proceeded  sm o o th ly , b u t  n e ith e r  anom eric  m ix tu re  
could  be  c ry sta llized . T h e  second  k ey  in te rm ed ia te , 
1,2 - di - 0  - ace ty l - 3,5 - di - 0  - benzoy l - 6 - deoxy- 
D -glucofuranose (IX), w as also p re p a re d , in  93%  
yield , b y  ace to ly sis9 of th e  isopropy lidene d e riv a 
tiv e  VI, a  p ro ced u re  considered  to  be  m o re  con-
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venient and giving higher yields than the sequence 
via X.

Reaction of the amorphous diacetate (IX) with 
ethereal hydrogen chloride10 containing acetyl 
chloride11 gave the crude chloro derivative (XII). 
The conversion of the 1-0-acetyl group in IX to the 
halogen in XII could be readily followed by ex
amination of the infrared absorption spectra of ali
quots. The starting diacetate (IX) has acetate 
C—0 —C bands at 8.10 and 8.20 /j . The reaction 
was run until the decrease in absorption in that re
gion ceased, when conversion to XII was com
plete. Condensation of XII with chloromercuri-6- 
benzamidopurine afforded the crude blocked nu
cleoside (XIII). Deacylation with methanolic so
dium methoxide gave the nucleoside (XV), isolated 
via its picrate. Regeneration of the base (XV) with 
Dowex 2 (CO3) in the usual manner3’12 gave the

(6) K. Freudenberg, H. Eich, C. Knoevenagel, and W. 
Westphal, Ber., 73, 441 (1940).

(7) E. Vischer and T. Reichstein, Ilelv. Chim. Acta, 27, 
1332 (1944).

(8) B. R. Baker, K. Hewson, H. J. Thomas, and J. A. 
Johnson, Jr., J. Org. Chem., 22, 954 (1957).

(9) A. T. Ness, R. M. Hann, and C. S. Hudson, J. Am. 
Chem. Soc., 65, 2215 (1943).

(10) J. DavoII, B. Lythgoe, and A. R. Todd. J. Chem. 
Soc., 967 (1948).

(11) B. R. Baker and R. E. Schaub, J. Am. Chem. Soc., 77, 
5900 (1955), have used acetyl chloride in this type of reac
tion to maintain anhydrous conditions.

(12) B. R. Baker and K. Hewson, J. Org. Chem., 22, 959 
(1957).



NOVEM BER 1 9 5 8 PO TEN TIA L ANTICANCER AGENTS. X 1 7 5 5

pure nucleoside, 9-(6,-deoxy-/8-D-glucofuranosyl) 
adenine (XV),13 in 32% yield based on IX.

Similarly, condensation of 2-0-acetyl-3,5-di-0- 
benzoyl-6-deoxy-D-glucofuranosyl chloride (XII) 
with chloromercuri-2,6-diacetamidopurine12 to the 
blocked nucleoside (XIV) followed by deacylation 
gave 2,6-diamino-9-(6,-deoxy-j3-D-glucofuranosyl)- 
purine (XVI)13 in 16% yield based on IX.

E X P E R I M E N T A L 14 15“ 16

3,S-Di-0-acetyl-l,S-0-isopropylidene-6-0-tosyl-n-gluco- 
furanose (V). To a solution of 5.0 g. (23 mmoles) of 1,2-0- 
isopropylidene-D-glucofuranose ( I I I ) 18 in 55 ml. of reagent 
pyridine was added dropwise a solution of 4.28 g. (22.5 
mmoles) of tosyl chloride in 70 ml. of methylene chloride 
over a period of 30 min. with vigorous stirring. After stand
ing a t room temperature for 24 hr. protected from moisture, 
the mixture was treated with 1 0  ml. (0 . 1 1  mole) of acetic 
anhydride with stirring, then allowed to stand an additional 
24 hr. The mixture was poured into 300 g. of ice water and 
extracted with chloroform (3 X 30 ml.). The combined 
extracts were washed with excess aqueous sodium bicarbon
ate, then water. Dried with magnesium sulfate, the organic 
solution was evaporated to dryness in  vacuo. The last traces 
of pyridine were removed by addition and evaporation of 
two 20-ml. portions of toluene, leaving 10.2 g. (97%) of an 
oil that only partially solidified on standing, but was suitable 
for reduction to VII. Recrystallization of a similar prepara
tion from 83% aqueous methanol gave 4.82 g. (46%) of 
white crystals, m.p. 89-90°; 5.71 y (C = 0 ), 8.08 y
(acetate C—O—C), 8.50 y (sulfonate).

Vischer and Reichstein7 have recorded m.p. 90° for V and 
stated that the yield was quantitative starting with 1 ,2 -0 - 
isopropylidene-6 -O-tosyl-D-glucofuranose (IV). The latter 
has been prepared in 56% yield , 19’ 20 and in 48% yield in this 
laboratory, from III. Compound IV was considerably more 
difficult to purify than was V.

(13) T hat this nucleoside has a Ci-Criroms-configuration, 
in this case /3, is highly probable in view of the rule postu
lated for the stereochemistry of nucleoside formation. For 
a summary of reactions illustrating this point see B. R. 
Baker on Stereochemistry of Nucleoside Synthesis, Ciba 
Foundation Symposium on the Chemistry and Biology of 
Purines, J. and A. Churchill, Ltd., London, 1957, pp. 120- 
130.

(14) The paper chromatograms on the blocked sugars 
were run on Schleicher and Schull acetylated paper No. 
2043B by the descending technique using methanol-water- 
benzene (6 :1:2) as the solvent (solvent A), the spots being 
detected by visual examination with ultraviolet light; cf.
T. Wieland and W. Kracht, Angew. Chem., 69, 172 (1957).

(15) The paper chromatograms on the nucleosides were 
run by the descending technique on Whatman No. 1 paper 
using 5% disodium phosphate (solvent B) or water-satu
rated butanol (solvent C) as solvents. Adenine was used as 
a standard and R Ad  values are recorded with R a d  1 .0 0  being 
assigned to adenine.

(16) Melting points were taken on a Fisher-Johns ap
paratus and are uncorrected. Optical rotations were deter
mined with a Standard Polarimeter Model D attachment 
to the Beckman DU spectrophotometer calibrated with 
standard sucrose solutions. 17

(17) A. S. Keston, Abstracts of 127th Meeting, American 
Chemical Society, 18C (1955).

(18) Prepared in 74% yield, m.p. 159-160°, from 1,2:5,6- 
di-O-isopropylidene-D-glucofuranose according to the pro
cedure of S. G. Laland, Acta Chem. Scand., 8 , 8 6 6  (1954).

(19) A. S. Meyer and T. Reichstein, 11 eh. Chim. Acta, 
29, 139 (1946).

(20) H. Ohle and E. Dickhauser, Ber., 58B, 2593 (1925).

■5,6-Anhydro-l ,2-0-isopropylidenc-r>-glucofuranose (VIII). 
A solution of 1.00 g. (2.1 mmoles) of pure V in 4.2 ml. of 
reagent chloroform was added to a solution of 0.38 g. of 
sodium methoxide in 6  ml. of reagent methanol cooled in an 
ice bath. After 30 min. a t 0°, the gel-like mass was diluted 
with 5 ml. of water and the separated aqueous layer extracted 
with chloroform ( 4 X 5  ml.). The chloroform extracts were 
each washed with 1 0  ml. of water, then combined, dried 
with magnesium sulfate, and evaporated to dryness in  vacuo; 
yield, 0.42 g. (96%) of white crystals, m.p. 116-122°. 
Recrystallization from 10 ml. of benzene gave 0.25 g. (57%) 
of pure product, m.p. 130-132°, [«JV —26.6° (2.0% in 
CHCla); 2.97 y (OH), 3.28 y (epoxide CH), 7.21 y 
(gem dimethyl), 9.00, 9.20, 9.36, 9.55, 9.85 y (C—OH and 
ether C—0 —C).

The same over-all yield (from III) of recrystallized prod
uct (VIII) was obtained starting with crude diacetate (V). 
Ohle and Vargha2 1  have prepared this compound in 80% 
yield from IV and have given m.p. 133.5°, [a]2D° —26.5° 
(4% in H:0).

6-Deoxy-l,2-0^isopropylidene-T>-glucofuranose (VII). To a 
mixture of 5.12 g. (0.183 mole) of lithium aluminum hydride 
and 130 ml. of reagent ether was added 2.22 g. (11.0 mmoles) 
of pure VIII over a period of about 4 min. The mixture, 
protected from moisture, was refluxed with stirring for 3 
hr., then t ie  excess hydride was decomposed by the dropwise 
addition of 2 1  ml. of ethyl acetate, then 2 1  ml. of water. 
After 47 ml. of 10° 7  aqueous sodium hydroxide was added, 
the organic layer was decanted from the sludge. The latter 
was extracted with ethyl acetate (3 X 30 ml.). The com
bined organic extracts dried with magnesium sulfate, were 
evaporated to dryness in vacuo, leaving 1.32 g. (60%) of a 
yellow sirup. Distillation gave 1.23 g. (55%) of colorless oil, 
b.p. 76-79° (5 y), that solidified in the receiver, m.p. 87- 
8 8 °, [«]•„• -21 .3° (2.0% in CHC13); X“ ' 2.90 y (OH), 
9.20, 9.84 y (ether C—O—C), and no epoxide CH at 3.28 y.

This compound (VII) has been prepared by catalytic 
hydrogenolysis of V III in “good yield,” m.p. 92°, [a]2D' 
-26 .3%  (1 % in CHC13 ) . 6 ’7

3,5-Di-0-benzoyl-6-deoxy-l,2-0-isopropylidene-'D-gluco- 
furanose (VI). To a mixture of 1.32 g. (0.035 mole) of 
lithium aluminum hydride in 40 ml. of anhydrous ether was 
added a solution of 8.0 g. (0.017 mole) of crude 3,5-di-O- 
acetyl-l,2-0-isopropylidene-6-0-tosyl-n-gIucofuranose (V) in 
20 ml. of dry benzene over a period of 40 min. The mixture, 
protected from moisture, was refluxed with stirring for 3 
hr. The excess hydride was decomposed by the dropwise 
addition of 30 ml. of ethyl acetate, then 27 ml. of water 
followed by 65 ml. of 10% aqueous sodium hydroxide. 
The mixture was filtered through a Celite filter cake. The 
filter cake was washed with ethyl acetate (2 X 20 ml.), 
then continuously extracted with 1 0 0  ml. of chloroform for 
3 hr. The combined chloroform and ethyl acetate extracts 
were dried with magnesium sulfate, then evaporated to 
dryness in vacuo, leaving 2.12 g. (60%) of crude VII as a 
yellow sirup.

To a solution of 1.82 g. (8.9 mmoles) of the preceding 
crude 6-deoxy-l,2-0-isopropylidene-D-glucofuranose (VII) 
in 12 ml. of reagent pyridine was added dropwise 3.6 ml. 
(31 mmoles) of benzoyl chloride over a period of 30 min., 
the temperature being maintained below 5°. The reaction 
mixture was stirred a t 0 ° for 1  hr., then for 1  hr. a t room 
temperature. After standing overnight at room temperature 
protected from moisture, the reaction mixture was added 
dropwise to a mixture of ice and excess aqueous saturated 
sodium bicarbonate solution. The organic layer was sepa
rated and the aqueous layer was extracted with three 1 0 -ml. 
portions of chloroform. The combined extracts were washed 
w’ith excess aqueous sodium bicarbonate, then water, dried 
with magnesium sulfate, and taken to dryness in  vacuo. 
The last 'races of pyridine were removed by the addition of 
toluene (2 X 10 ml.) and removal in vacuo to give 3.46 g.

(21) H. Ohle and L. Vargha, Ber., 62B, 2435 (1929).
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(94%) of a dark sirup. The crude product was recrystal
lized from methanol, giving 1.47 g. (40%) of VI in two crops, 
m.p. 108-110°. The over-all yield from III  was 23%. On a 
large scale the over-all yield from III  was 140 g. (26%).

In a pilot run, the benzoylation of pure 6-dooxy-l,2-0- 
isopropylidene-D-glucofuranose (VII) gave 0.90 g. (59%) 
of VI, m.p. 111-113°. Two recrystallizations from methanol 
afforded white crystals, m.p. 113-113.5°, [« Id5 —112.6° 
(2 .0 % in CHCls); X*Lr 5.82 y (benzoate C = 0 ) , 7.90, 8.92 
y (benzoate C—O—C), 9.11, 9.32, 9.72 y (ether 0 —O—C).

Anal. Calcd. for C23H 24O7 : C, 67.0; H, 5.87. Found: 
C, 66.9; H, 6.03.

Paper chromatography on acetylated paper in solvent 
A 14 showed only one spot with Rf 0.28.

3,5-Di-0-benzoyl-6-deoxy-j>-glucofuranose (X). A solution 
of 0.45 g. ( 1 . 1  mmoles) of VI in 5.5 ml. of warm acetic acid 
was rapidly cooled to 15°, then treated with 3.0 ml. of 12V 
hydrochloric acid. After standing at room temperature for 
30 min., the mixture was poured into 10 ml. of ice water 
and extracted with chloroform (3 X 10 ml.). The com
bined extracts were washed with water, excess aqueous 
sodium bicarbonate, and water. After being dried over 
magnesium sulfate, the solution was evaporated in  vacuo, 
leaving 0.31 g. (75%) of product, probably an anomeric 
mixture, as a sirup that could not be crystallized; X^S 
2.93 y (OH), 5.80 y (C = 0 ), 7.87, 8.98 y (ester C—O—C). 
Chromatography on acetylated paper14 with solvent A 
showed only one spot with Rf 0 . 6 6  and the absence of start
ing material with Rf 0.28.

Anal. Calcd. for C20H 20O7 : C, 64.5; H, £.41. Found: C, 
64.8; H, 5.61.

Treatment of X with benzoyl chloride and pyridine, as 
described for the preparation of VI, gave the tetrabenzoate 
X I as an anomeric mixture that failed to crystallize but had 
Rf 0.09 when chromatographed on acetylated paper14 with 
solvent A.

l,2-Di-0-acetyl-S,5-di-0-benzoyl-6-deoxy-'D-glucofuranose
(IX). To a stirred solution of 2.25 g. (5.46 mmoles) of 
crystalline VI in 27 ml. of acetic acid and 3 ml. of acetic 
anhydride was added dropwise with cooling 1.65 ml. of 96% 
sulfuric acid at such a rate that the temperature was 1 0 -  
20°. After standing in a stoppered flask for 24 hr., the solu
tion was poured into 2 0 0  ml. of ice water, then stirred for 
30 min. The mixture was extracted with chloroform (3 X 
25 ml.). The chloroform extracts were washed with 25 ml. 
of saturated aqueous sodium bicarbonate, then 25 ml. of 
water. The extracts were combined, dried with magnesium 
sulfate, and evaporated to dryness in  vacuo; yield, 2.33 g. 
(93%) of a nearly colorless sirup; X"'™ 5.68 y (acetate 
C = 0 ) , 5.77 y (benzoate C = 0 ) , 7.84 y (benzoate C—O—C), 
8.10 /x (acetate C—O—C). This compound, which failed to 
crystallize and was probably an anomeric mixture, traveled 
as a single spot on acetylated paper14 in solvent A at Rf 
0.28 and had [a]°Ds -67 .0° (2 .1 % in CHCU).

Anal. Calcd. for C24H240 9: C, 63.2; H. 5.30. Found: 
C, 62.9; H, 5.40.

Acetylation of X in acetic anhydride-pyridine gave IX 
as a sirup that had an Rf in solvent A14 and an infrared 
spectrum essentially identical with that of the above prep
aration.

9-{ 2 '-0-A cetyl-3',5'-di-O-benzoyl-6 '-deoxy-p-n-glucofurano- 
syl)-6-benzamidopurine (X III). A solution of 2.33 g. (5.1 
mmoles) of IX  in 5 ml. of acetyl chloride11 was added to 55 
ml. of reagent ether tha t had been previously saturated 
with hydrogen chloride. 10 After standing at —5° for 3 days 
in a stoppered container, the mixture was evaporated to 
dryness in vacuo with protection from moisture. Acetic acid 
was removed by addition of benzene (2 X 5 ml.) and 
evaporation in vacuo. The pale yellow, sirupy X II was dis
solved in xylene and coupled with 2.64 g. of chloromercuri-
6 -benzamidopurine2 2  in the usual manner . 3 Evaporation of

(22) Prepared from 6 -benzamidopurine as described for 
the preparation of chioromercuri-2 ,6 -diacetamidopurine. 12

the chloroform solution gave 2.72 g. of a gum th a t was dis
solved in 50 ml. of hot benzene. The solution deposited 0.20 
g. of 6-benzamidopurine,23 m.p. 239-242°, th a t had an 
infrared spectrum identical with that of an authentic sample. 
Evaporation of the filtrate afforded 2.04 g. of crude, blocked 
nucleoside (X III); X®1" 3.00 y (NH), 5.68 y (acetate C = 0 ) , 
5.78 y (benzoate C = 0 ) , 5.89 y (amide C = 0 ) , 6.20, 6.28 y 
(purine ring), 9.10, 9.31, 9.70 (C—O—C).

9-(6'-Deoxy-0-n-glucofuranosyl)adenine (XV). A solution 
of 2.04 g. of crude X III in 50 ml. of reagent methanol and 
6 ml. of IN  methanolic sodium methoxide was refluxed for
l .  5 hr. The solution was neutralized with acetic acid, then 
evaporated to dryness in vacuo. The residue was partitioned 
between 20 ml. of water and 20 ml. of chloroform. The 
aqueous solution, washed once more with chloroform, was 
evaporated to dryness in vacuo. A solution of the residue in 
20 ml. of water was treated with 30 ml. of 10% methanolic 
picric acid. After several hours a t 0°, the mixture was 
filtered and the precipitate washed with methanol. Re
crystallization from 20 ml. of water gave 0.65 g. of the picrate 
of XV as yellow crystals, m.p. 204-208° dec. The free 
nucleoside was regenerated from the picrate with 3.1 g. 
of Dowex 2 (C 03) and 20 ml. of water in the usual fashion.3'12 
Evaporation of the aqueous solution to dryness in  vacuo 
gave 0.29 g. (32%) of white solid, m.p. 118-120°. Recrystal
lization from ethanol afforded white crystals, m.p. 118— 
118.5°, [<*]2D5 -59 .9° (2% in H20); X™r 2.95, 3.11 y (OH, 
NH), 6.12, 6.25, 6.75 y (NH and purine ring), 7.28 y (CH3), 
9.21, 9.32, 9.62 y (C—O—C and C—O—H). Both the crude 
and recrystallized products were chromatographically 
homogeneous and traveled at R a d  1.53 in solvent B  and at 
R a d  0.91 in solvent C . 16 That the recrystallized nucleoside 
was an ethanol solvate was demonstrated by the ethoxyl 
determination.

Anal. Calcd. for C11HI6N 1,0 4 -C2HS,0 H: C, 47.7; H, 6.47;
N, 21.4; one ethoxyl, 1.0. Found: C, 47.5; H, 6.54; N, 21.9; 
ethoxyl, 0.90.

This nucleoside, as expected for structure XV, consumed
O. 90 mole-equivalents of periodate in 96 hr.; the rate curve 
was then approaching 1.0 mole-equivalents asymptotically.

2,6-Diacetamido-9-(2'-0-acetyl-3',5'-di-0-benzoyl-6'-deoxy- 
P-D-glucofuranosyl)purine (XIV). Condensation of X II, pre
pared from 2.60 g. (5.7 mmoles) of the diacetate (IX) with 
2.88 g. (6.1 mmoles) of chloromercuri-2,6-diaeetamido- 
purine12 in the usual manner3'12 gave 2.49 g. (70%) of crude, 
blocked nucleoside; X*1" 5.70 y (acetate C = 0 ) , 5.80 y 
(benzoate C = 0 ) , 6.18, 6.25 y (NH and purine ring), 9.12, 
9.28, 9.72 y (C—O—C).

<2,6-Diamino-9-(6'-deoxy-p-T>-glucofuranosyl)purine (XVI). 
A solution of 2.49 g. of crude XIV in 20 ml. of reagent 
methanol and 3 ml. of N  methanolic sodium methoxide was 
refluxed for 3 hr. The solution was neutralized with acetic 
acid, then processed through the picrate (0.53 g.) as de
scribed for XV. The free nucleoside was regenerated from 
the picrate with 2.09 g. of Dowex 2 (COs) and 20 ml. of 
water in the usual fashion.3’12 Evaporation of the aqueous 
solution to dryness in  vacuo gave 0.26 g. of a white solid,
m. p. 129-132°. Recrystallization from ethanol-ether af
forded white crystals, m.p. 172-175°, [a]2D6 —27.7° (0.37% 
in H20 ); X™' 3.00, 3.12 y (NH, OH), 6.10, 6.25, 6.75 y 
(NH and purine ring), 7.25 y (CH3), 9.22, 9.48, 9.82 y (C— 
O—C and C—O—H). Both the crude and the recrystal
lized products were chromatographically homogeneous15 and 
traveled at R ad 0.90 in solvents B and R ad 0.51 in sol
vent C.

Anal. Calcd. for C„H 16N 60 4 .H20 : C, 42.0; H, 5.77; N,
26.7. Found: C, 42.5; H, 5.70; N, 26.6.

(23) This procedure effectively avoids the presence of 
adenine in a final deblocked nucleoside and is particularly 
useful if the blocked nucleoside cannot be crystallized.



NOVEM BER 1958 PO TEN TIA L ANTICANCER AGENTS. X I 1757

Acknowledgments. The authors are indebted to mediates, and to Dr. L. K. Moss and staff for the 
Dr. Peter Lim for interpretation of the infrared chromatograms and optical rotations, 
spectra as well as for discussions, to 0. P. Crews,
Jr., and staff for large-scale preparation of inter- M e n l o  P a r k , C a l i f .

[ 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 f  B i o l o g i c a l  S c i e n c e s , S t a n f o r d  R e s e a r c h  I n s t i t u t e ]

Potential Anticancer Agents.1 XI. Synthesis of Nucleosides 
Derived from 6-Deoxy-L-idofuranose

ELM ER J. REIST, ROLAND R. SPENCER, a n d  B. R. BAKER

Received June 6, 1958

Lithium aluminum hydride reduction of 6-0-benzoyl-l,2-0-isopropylidene-5-0-tosyl-D-gIucofuranose (IV) has led to a 
new and useful synthesis of 6-deoxy-l,2-0-isopropylidene-L-idofuranose (IX). The latter was converted to 9-(6'-deoxy-«-L- 
idofuranosyl)adenine (XV) and to 2,6-diamino-9-(6'-deoxy-a-L-idofuranosyl)purine (XIV) via the key intermediate 1,2- 
di-0-acetyl-3,5-di-0-benzoyl-6-deoxy-L-idofuranose (VII).

In a preceding paper of this series,2 the rationale 
for synthesizing 6-deoxy-L-idofuranosyl nucleosides 
(II) was presented. This paper describes the 
synthesis of 9-(6'-deoxy-a-L-idofuranosyl)adenine
(XV) and 2,6-diamino-9-(6'-deoxy-a-L-idofurano- 
syl)purine (XIV), compounds that might be antago
nists of natural D-ribofuranosyl nucleosides (I).

HOCH2 Base

W
OH OH 

I

The key intermediate in the projected synthesis 
of the nucleosides XIV and XV is 6-deoxy-l ,2-0- 
isopropylidene-L-idofuranose (IX), which has been 
synthesized by the hydrogenation of 5,6-anhvdro- 
3 - 0  - benzyl - 1,2 - 0  - isopropylidene - l  - ido- 
furanose (VI)3 and by hydrogenation of the gluco- 
sene (XII).4 A new synthesis of this key inter
mediate (IX) that is considered to be shorter and 
more convenient has now been developed.

Ohle and Dickhauser6 have claimed that tosyla- 
tion of 6-0-benzoyl-l,2-0-isopropylidene-n-gluco- 
furanose (III) in pyridine-chloroform at 37° for 4 
days gave the 5-0-tosyl derivative (IV) in 34% 
yield, but Meyer and Reichstein3 obtained a yield 
of only 20% by this procedure. It was observed in 
this laboratory that the infrared absorption spec-

(1) This program is under the auspices of the Cancer 
Chemotherapy National Service Center, National Cancer 
Institute, and is in collaboration with the Sloan-Kettering 
Institute for Cancer Research.

(2) E. J. Reist, R. R. Spencer, and B. R. Baker, Paper 
X of this series, J. Org. Chem., 23, 1753 (1958).

(3) A. S. Meyer and T. Reichstein, H elv . Chim. Acta, 
29, 152 (1946).

(4) A. S. Meyer and T. Reichstein, H elv . Chim. Acta, 
29, 139 (1946).

(5) H. Ohle and E. Dickhauser, Ber., 58B, 2593 (1925).

trurn of 6-0-benzoyl-l,2-0-isopropylidene-D-gluco- 
furanose (III) contained the benzoate carbonyl 
stretching band at 5.90 n instead of at the normal 
position of 5.80 p. Tosylation of III to give the 5-
0-tosyl derivative (IV) caused this carbonyl 
stretching band to shift back to the normal 5.80 n 
position, presumably because the 5-tosylate de
stroyed hydrogen bonding between an available 
hydroxyl and the 6-benzoate carbonyl of III. This 
shift in the position of the carbonyl band made it 
possible to determine the degree of completion of 
the reaction by the gradual disappearance of the 
band at 5.90 p. Thus, the most optimum conditions 
found involved the use of pyridine-methylene 
chloride at 40-50° for 4 days, which gave IV in 43% 
yield; a shorter reaction time, a lower temperature, 
or chloroform as a solvent6 gave less complete con
version.

M ey er an d  R e ich ste in 3 h a v e  c o n v e rted  th e  5- 
tosy l d e riv a tiv e  (IV) w ith  m ethano lic  sod ium  
m ethox ide  to  5 ,6 -anhydro -l,2 -0 -isop ropy lidene-L - 
ido fu ranose  (V) in  61%  yield. In th is  la b o ra to ry , 
th e ir  p rocedu re  g av e  a  64%  yield  of p a r tia lly  crys
ta llin e  p ro d u c t (V) th a t  w as difficult to  p u rify  since 
i t  read ily  decom posed. It has now  been found  th a t  
lith iu m  a lu m in u m  h y d rid e  red u c tio n  of th e  to sy la te
(IV) g av e  a  78%  yield  of th e  desired  6 -d e o x y -l,2-
O -isopropylidene-L -idofuranose (IX), th e  reac tio n  
p resu m ab ly  proceed ing  via  th e  a n h y d ro  L-idose 
d e riv a tiv e  (V). T h e  6-deoxy-L-idose d e riv a tiv e
(IX) agreed  in  m eltin g  p o in t (90-92°) w ith  th a t  
g iven  b y  M ey er a n d  R e ich ste in 3'4 an d  g av e  a  large 
depression  in  m elting  p o in t w hen m ixed  w ith  th e  
isom eric 6 -deoxy-l ,2-O -isopropylidene-D -gluco- 
fu ran o se ,5 a  possible, th o u g h  th eo re tica lly  un likely , 
p ro d u c t.

Treatment of 6-deoxy-l,2-O-isopropylidene-L- 
idofuranose (IX) with benzoyl chloride in pyridine 
gave the dibenzoate (VIII) in quantitative yield as 
an oil that could not be crystallized. Acetolysis of
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VIII with acetic acid, acetic anhydride, and sul
furic acid gave a 72% yield of an anomeric mixture 
of diacetates (VII) that also failed to crystallize. 
However, crystalline nucleosides (XIV and XV) 
were obtained by the standard coupling proce
dure.6’7

Conversion of the diacetate (VII) to the chloro 
sugar (X) with ethereal hydrogen chloride8 con
taining acetyl chloride,9 followed by coupling with 
chloromercuri-6-benzamidopurine, gave the crude 
blocked nucleoside (XI). Deacylation of XI with 
methanolic sodium methoxide afforded a 15% 
yield (based on VII) of crystalline 9-(6'-deoxy-a- 
midofuranosyl)adenine (XV),10 isolated via its

(6) E. J. Reist, L. Goodman, R. R. Spencer, and B. R. 
Baker, Paper IV of this series, J. Am. Chen. Soc., 80, 3962
(1958).

(7) B. R. Baker and K. Hewson, J. Org. Chem., 22, 966 
(1957).

(8) J. Davoll, B. Lythgoe, and A. R. Todd, J. Chem. 
Soc., 967 (1948).

(9) B. R. Baker and R. E. Schaub, J. Am. Chem. Soc., 
77, 5900 (1955).

picrate and regenerated with Dowex 2 (C03).6'u 
This nucleoside, when chromatographed on paper,12 
gave a single spot with R^d 1-44 in solvent A and 
Raa 0.76 in solvent B.

Similarly, condensation of X with chloromercuri-
2,6-diacetamidopurine followed by deacylation 
gave a 6.5% yield (based on VII) of crystalline
2,6 - diamino - 9 - (67 - deoxy - a -  L - idofuranosyl)- 
purine (XIV).10 This nucleoside, when chromato
graphed on paper,12 also gave a single spot with 
Rjid 0.88 in solvent A and Raî 0.36 in solvent B.

EX PE R IM E N T A L 12' 13 14 15

6-0-Benzoyl-l,2-0-isopropylidene-T>-glucofuranose (III). A 
solution of 4.41 g. (12 mmoles) of 3-0-benzoyl-l,2:5,6- 
di-O-isopropylidene-D-glucofuranose16 in 20 ml. of 60% 
ethanol was adjusted to pH 2 with 6N  hydrochloric acid, 
then heated at 50° for 4.5 hr. At the end of this time a 5-ml. 
aliquot was removed and extracted with chloroform (3 X 
10 ml.). The combined extracts, dried with magnesium 
sulfate and evaporated to dryness in vacuo, left 0.71 g. of 
3-0-benzoyl-l,2-0-isopropylidene-D-glucofuranose: X6« 2.90 
y (OH), 5.80 y (C = 0 ), 7.87 y (benzoate C—O—C). This 
material consumed 0.64 mole-equivalents of periodate in 1 
hr.

The remaining 15 ml. of hydrolysis solution was carefully 
adjusted to pH 8 with 2Ar potassium hydroxide, then 
allowed to stand a t about 3° overnight. The 6-benzoate
(III) was collected on a filter and washed with cold 60% 
ethanol; yield, 2.56 g. (87%), m.p. 182-184°. Recrytal- 
lization from 60V ethanol gave 1.70 g. (58%) of white 
crystals, m.p. 193-195°, [a]2D5 +6.0° ±  2.5° (0.5% in 
ethanol); 2.85 y (OH), 5.92 y (benzoate C = 0 ) , 7.25 y 
(CH3), 7.77 y (benzoate C—O—C). This compound did not 
react with periodate.

Ohle16 has recorded a melting point of 191-192° and a 
rotation of +7.4° in ethanol for this product. The above 
periodate data give unambiguous support to Ohle’s hy
pothesis that acid removes the 5,6-O-isopropylidene group 
only and that base isomerizes the 3-benzoate to the 6- 
benzoate. The pH 2 and pH 8 required for the two steps are 
quite critical to avoid over- or under-hydrolysis of groups.

(10) T hat this nucleoside has the a-configuration is 
reasonably certain since formation of nucleosides by this 
process normally gives a product with a Ci-C2-ira?w-con- 
figuration in the sugar moiety. For a summary of reactions 
illustrating this point cf. B. R. Baker on Stereochemistry 
of Nucleoside Synthesis, Ciba Foundation Symposium on 
the Chemistry and Biology of Purines, J. and A. Churchill, 
Ltd., London, 1957, pp. 120.

(11) B. R. Baker and K. Ilewson, J. Org. Chem., 22, 959 
(1957).

(12) Paper chromatograms of the nucleosides were run 
on Whatman No. 1 paper by the descending technique in 
5% disodium phosphate (solvent A) and in water-saturated 
butanol (solvent B). The spots were located by visual 
examination with an ultraviolet lamp. Adenine was used as 
a standard and was arbitrarily assigned a value of RAD 1.00.

(13) Melting points were taken on a Fisher-Johns ap
paratus and are uncorrected. Optical rotations were deter
mined with a Standard Polarimeter Model D attachment 
to the Beckman DU spectrophotometer calibrated with 
standard sucrose solutions.11

(14) A. S. Keston, Abstracts of 127th Meeting, American 
Chemical Society 18C (1955).

(15) E. Fischer and H. Noth, Ber., 51, 321 (1918).
(16) H. Ohle, Biochem. Z., 131, 611 (1912); Ber., 57B, 

403 (1924).
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6-0-Benzoyl-l,2-0-isopropylidene~5-0-losyl-T>-glucof uranose
(IV). To a stirred solution of 11.9 g. (30.8 mmoles) of III 
in 79 ml. of reagent pyridine was added dropwise a solution 
of 6.95 g. (36.6 mmoles) of tosyl chloride in 190 ml. of 
methylene chloride over a period of 45 min. The solution 
was kept at 40-50° for 4 days protected from moisture, then 
poured into 500 ml. of ice water with stirring. The separated 
aqueous phase was extracted with chloroform (3 X 50 ml.). 
The organic extracts were washed with 50 ml. of saturated 
aqueous sodium bicarbonate and 50 ml. of water, then com
bined. Dried with magnesium sulfate, the organic solution 
was evaporated to dryness in vacuo. The last traces of 
pyridine were removed by the addition and removal of 
toluene (2 X 10 ml.) in vacuo. The gummy solid (16.2 g.) 
showed a benzoate band at 5.80 y with a small shoulder at
5.90 ju, thus indicating that tosjdation was essentially com
plete. Recrystallization from ethanol gave 7.52 g. (43%) 
of product, m.p. 138-140°, [«]% +20.6° ±  1.4° (2.0% 
in CHC1, ) ; 17 A™ 2.90 y (OH), 5.80 y (benzoate C = 0 ), 
7.85 y (benzoate C—O—C), 8.50 y (sulfonate).

Anal. Calcd. for CiJEeOgS: C, 57.7; II, 5.48; S, 6.70. 
Found: C, 58.0; H, 5.60; S, 6.55.

Ohle and Dickhauser5 have recorded m.p. 142°, [ a] 2d 7  

+9.34° (2.142% in CHC1»), and a yield of 34%, whereas 
Meyer and Reichstein3 obtained a 20% yield by their 
procedure . 5

6-Deoxy-l,2-0-isopropylidcne-'L-idof uranose (IX). To a 
mixture of 4.74 g. (0.12 mole) of lithium aluminum hydride 
and 300 ml. of reagent ether was added 25.0 g. (0.052 mole) 
of pure IV over a period of about 45 min. The mixture, 
protected from moisture, -was refluxed with stirring for 2 0  

hr., then the excess hydride was decomposed by the drop- 
wise addition of 25 ml. of ethyl acetate, then 12 ml. of water. 
After 36 ml. of 10% aqueous sodium hydroxide was added, 
Celite was added to make a filterable slurry. The mixture 
was filtered and the filter cake was washed with chloroform 
(3 X 20 ml.). The filtrate and washings were combined, 
dried with magnesium sulfate, and evaporated to dryness 
in vacuo a t 20 mm. and finally at 0.5 mm. to give 3.14 g. 
(30%) of a light yellow sirup that crystallized overnight. 
The Celite cake was placed in a Soxhlet. extractor and 
extracted for 4 hr. with chloroform, giving an additional
5.19 g. (48%) of product; 2.95 y (OH), 7.26 y (CII3),
9.25, 9.58, 9.85 y (C—O—C, C—OH). A total yield of 8.33 
g. (78%) was thus obtained that was suitable for the next 
step.

A sample of 0.72 g. was distilled at 3 y (b.p. 90-95°), 
giving 0.51 g. of a clear sirup tha t crystallized overnight, 
m.p. 90-92°, [a ] 2d 5 -7 .1  ±  1.9° (2.2% in CHC1,). A mix
ture with 6-deoxy-l,2-0-isopropylidene-D-g!ucofuranose 
melted a t 65-70°.

Meyer and Reichstein3 ,4  have recorded m.p. of 90-91° 
and [a]2n —12.9 ±  0.6° (3.6% in CHCh) for this com
pound prepared in other wrays.

3 ,-5-Di-0-benzoyl-6-deoxy-l ,2-O-isopropylidcne-L-idofuranose
(VIII). To a solution of 5.17 g. (25.6 mmoles) of crude 6 - 
deoxy-l,2-0-isopropylidene-L-idofuranosc (IX) in 50 ml. of 
reagent pyridine, cooled to 0°, 9.3 ml. (81 mmoles) of 
benzoyl chloride was added dropwise with stirring, the tem
perature being maintained below' 5°. After lining stirred 
for an additional hour at 0 °, the mixture was left a t room 
temperature for 24 hr., protected from moisture. The reaction 
mixture was then added dropw'ise to a well-stirred mixture 
of ice and excess saturated aqueous sodium bicarbonate 
solution. The organic layer was separated and the aqueous 
layer was extracted with three 50-ml. portions of chloroform. 
The organic layer and separate extracts, washed wdth excess 
saturated aqueous sodium bicarbonate, then w'ater, were 
combined and dried with magnesium sulfate and evaporated 
in vacuo. The last traces of pyridine w'ere removed by the

(17) This value has been checked several times bu t it
does not agree with the value reported by Ohio and D ick
hauser.5

addition of two 2 0 -ml. portions of toluene and removal in 
vacuo to give 1 1 . 1  g. (108%) of dark sirup which contained 
benzoic anhydride; A51“ 5.60 y (anhydride C = 0 ) , 5.82 y 
(benzoate C = 0 ) , 7.25 y (CH3), 7.88, 9.01 y (benzoate 
C ^ O —C), 9.10, 9.33, 9.75 y (C—O—C). This material 
was suitable for the next step.

In a pilot run, 0.20 g. (0.93 mmoles) of pure 6 -deoxy-
1,2-0-isopropylidone-L-idofuranose (IX) gave a product free 
of benzoic anhydride; yield, 0.30 g. (60%), [a]aD° —12.3° 
(0.5% in CHCh).

Anal. Calcd. for C ja^ O ,: C, 67.0; H, 5.87. Found: C, 
66.9; H, 6.09.

1,2-Di-0-acetyl-3,5-di-0-benzoyl-6-deoxy-if-idofuranose
(VII) . To a solution of 9.14 g. (22.2 mmoles) of crude 3,5- 
di-O- benzoyl- 6 - deoxy- 1 .2 - 0- isopropylidene- n- idofuranose
(VIII) in 100 ml. of glacial acetic acid and 12.2 ml. of acetic 
anhydride was added 7.6 ml. of 96% sulfuric acid dropwise 
with stirring, the temperature being maintained below 2 0 °. 
After standing at room temperature overnight while pro
tected from moisture, the mixture was poured into 300 ml. 
of ice water and stirred for 30 min. The organic layer was 
separated and the aqueous layer w’as extracted twice with 
50-ml. portions of chloroform. The organic layer and 
separate extracts were washed with water, excess aqueous 
sodium bicarbonate solution, and w'ater, then combined, 
dried over magnesium sulfate, and evaporated in vacuo to 
yield 7.13 g. (69%) of a dark yellow sirup which did not 
crystallize so could not be obtained analytically pure;

5.70 y (acetate C = 0 ) , 5.80 y (benzoate C==0), 7.27 
y (CH3), 7.88, 9.00 y (benzoate C—O—C), 8.10, 8.22 y 
(acetate C—O—C), 9.10, 9.33, 9.72 y (C—O—C); [a ] 2D7 

+35.5 (3.4% in CHCh).
Anal. Calcd. for C24H 24O9 : C, 63.1; H, 5.30. Found: C, 

64.7; H, 5.48.
9-{2'-0-Acelyl-S' ,5'-di-0-benzoyl-6'-deoxy-a-ir-idofurano- 

syl)-6-bcnzamidopurine (XI). A solution of 2.30 g. (5.0 
mmoles) of VII in 5 ml. of acetyl chloride was added to 60 
ml. of reagent ether that had been previously saturated with 
hydrogen chloride at 0°. After standing at —5° for 3 days 
in a stoppered container, the mixture was evaporated to 
dryness in vacuo with protection from moisture. Acetic acid 
was removed by the addition of benzene (2 X 10 ml.) and 
evaporation in vacuo. The pale yellow sirup (X) was dis
solved in xylene and condensed with 2.87 g. of chloromercuri-
6 -benzamidopurine18 in the usual manner . 6 ,7  Evaporation of 
the chloroform solution gave 2.46 g. of crude XI as an 
amber colored glass: A*1” 3.00 y (NH), 5.71 y (acetate 
C = 0 ) , 5.78 y (benzoate C = 0 ) , 6.22, 6.31, 6.60, 6 . 6 8  y 
(NH and aromatic rings), 7.82, 9.00 y (benzoate C—O—C), 
8 . 1 0  y (acetate C—0 —C), 9.10, 9.34, 9.72 y (C—O—C).

9-{6'-Decxy-a-h-idof uranosyl)adenine (XV). A solution of 
2.46 g. of crude XI in 30 ml. of reagent methanol and 6  ml. of 
N  methanclic sodium methoxide was refluxed for 1.5 hr. The 
solution was neutralized with acetic acid, then evaporated 
to dryness in vacuo. The residue was partitioned between 
10 ml. of water and 10 ml. of chloroform. The aqueous layer 
was washed with chloroform, then evaporated to dryness 
in vacuo. A solution of the residue in 15 ml. of reagent 
methanol was treated with 2 0  ml. of 1 0 % methanolic picric 
acid. After several hours at 0°, the mixture was filtered and 
the precipitate was washed with methanol. Recrystallization 
from 25 ml. of water gave 0.60 g. of the picrate of XV as 
yellow crystals, m.p. 200-220° (doc.). The free nucleoside 
was regenerated from the picrate with 2.5 g. of Dowox 2 
( C O 3 )  and 2 0  ml. of water in the usual fashion . 6 ,1 1  Evapora
tion of the aqueous solution to dryness in vacuo gave 0 . 2 1  

g. (15%), m.p. 205-210°. Recrystallization from ethanol 
afforded white crystals, m.p. 196-198°; Xj^i 2.98, 3.09 y 
(NH, OH), 6.07, 6.22, 6.33, 6.75 y (NH and aromatic 
ring), 7.25 y (CH3), 9.07, 9.23, 9.46, 9.87 y (C—O). The

(18) Frepared from mercuric chloride and 6 -benzamido- 
purine as described for chloromercuri-2 ,6 -diacetamido- 
purine . 11
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crude material contained a trace of adenine -which was readily- 
removed by the one recrystallization. The nucleoside was 
then chromatographically homogeneous and travelled at 
RAd 1.44 in solvent A and RAd 0.76 in solvent B12; [a] 1 2D8 
-36 .9° (0.4% in H20).

Anal. Calcd. for C„H16N60 4: C, 47.0; E , 5.38; N, 24.9. 
Found: C, 46.7; H, 5.35; N, 24.8.

The nucleoside, in agreement with structure XV, con
sumed 0.78 mole-equivalent of periodate in 66 hr. The rate 
curve was then approaching about 0.85 mole-equivalent 
asymptotically.

2,6-Diacetamido-9-(2'-0-acetyl-S',o'-di-0-benzoyl-6'-deoxy- 
a-h-idofuranosyl)purine (XIII). Condensation of X, pre
pared from 2.50 g. (5.5 mmoles) of diacetate (VII), with
2.20 g. (4.69 mmoles) of chloromercuri-2,6-diacetamido- 
purine11 as described for XI gave 2.47 g. (72%) of crude 
blocked nucleoside; 3.00, 3.10 y (NH), 5.78 n (ester 
C = 0 ) , 6.14, 6.22, 6.68, 6.85 m (NH and aromatic rings),
7.80, 8.98 ju (benzoate C—O—C), 8.09 (acetate C—O—C),
9.10, 9.32, 9.72 m (C—O—C).

H,6-Diamino-9-(6'-deoxy-a-ii-idofuranosyT)purine (XIV). 
A solution of 2.47 g. (3.90 mmoles) of X III in 20 ml. of 
reagent methanol was treated with 5 ml. of N  methanolic 
sodium methoxide and heated at reflux for 3 hr. The solu
tion was then processed to the picrate as described for XV.

Recrystallization from 20 ml. of water gave 248 mg. of the 
picrate of XIV as yellow crystals, m.p. 195-205° (dec.). 
Regeneration to the free nucleoside with 2.0 g. of Dowex 2 
(C03) and 10 ml. of water in the usual fashion6’11 gave 102 
mg. (6.5%) of a white solid, m.p. 184-190°. Recrystalliza
tion from ethanol afforded white crystals, m.p. 210-211°; 
X“ ' 2.92, 3.08 n (NH, OH), 6.10, 6.23, 6.60, 6.75 n (NH 
and aromatic rings), 9.22, 9.42 y. (C—O); [a]2J  —50.8° 
(1.0% in H20). Both the crude and recrystallized products 
were chromatographically homogeneous and travelled at 
RAd 0.88 in solvent A and RAd 0.36 in solvent B as com
pared with RAd 0.54 and RAd 0.39, respectively, for 2,6- 
diaminopurine.

Anal. Calcd. for C nH ^N sO ^A ^O : C, 43.2; H, 5.58; 
N, 27.5. Found: C, 43.2; H, 5.88; N, 27.6.
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Schiff B ases and  R elated  S u b stan ces. IV. R eaction  o f  A cyclic and  H eterocyclic  
a-A m ino Sulfides w ith  P h en y l Isocyan ate . C om parative R eaction s w ith  P h en y l

Iso th io cy a n a te1

GARDNER W. STACY, PH ILIP A. CRAIG,2 a n d  RICHARD I. DAY3 * * 

Revived March IS, 1958

When the Schiff base-thiol adduct, N-ta-fp-tolylthioJbenzyllaniline (I), is treated with phenyl isocyanate, none of the 
expected phenylurea derivative is obtained. Instead, the mercaptal, a,o:-bis(p-tolylthio)toluene (III), V-benzylideneaniline
(IV), carbanilide (V), and p-tolyl phenylthiolcarbamate (VI) are isolated from the reaction mixture. On the other hand, 
the adduct I fails to react with phenyl isothiocyanate under similar conditions. A possible explanation for the formation of. 
the products III-V I is suggested. Related cyclic systems containing the S—C—NH group are shown to react with phenyl 
isocyanate to form phenylurea derivatives and none of the unusual behavior associated with the adduct I  is observed. 
Phenyl isothiocyanate also reacts with most of the eyclic systems which were studied (the products in these cases are the 
corresponding phenylthiourea derivatives). However, in the case of 2,2-pentamethylenebenzothiazoline (XII), no reaction 
occurs with phenyl isothiocyanate under a variety of conditions, thus paralleling the result with I.

The reaction of the Schiff base-thiol adduct, 
M-[a-(p-tolylthio)benzyl]aniline (I), with acety- 
lating agents has been shown to proceed only in 
part to give the expected acetyl derivative.1 
To a greater extent, cleavage of I occurred to yield 
acetanilide and the corresponding mercaptal III

(1) Presented in part before the Oregon Section of the 
American Chemical Society, Salem, Ore., May 21, 1955, 
and in part before the Division of Organic Chemistry at 
the 132nd Meeting of the American Chemical Society, 
New York, N. Y., Sept. 10, 1957. Paper III. G. W. Stacy, 
R. I. Day, and R. J. Morath, J. Am. Chem. Soc., 80, 3475
(1958).

(2) To be presented in part as a thesis by Philip A. Craig 
in partial fulfillment of the requirements for the Degree of 
Master of Science, the State College of Washington.

(3) In part abstracted from a thesis submitted by
Richard I. Day in partial fulfillment of the requirements
for the degree of Doctor of Philosophy, the State College of
Washington, June 1957.

or p-tolyl disulfide. The behavior of I with phenyl 
isocyanate and phenyl isothiocyanate, respectively 
now has also been investigated and is reported in 
the present paper.

Unlike the acetylation reaction,1 none of the 
corresponding IV-acyl derivative (in this case the 
phenylurea derivative II) was isolated when I was 
heated with phenyl isocyanate; instead, a cleavage 
reaction occurred extensively to form the mercaptal

C6H6CH—NHC6H5 +  C6H5NCO — :/—/—>

ArS
I

C6H5

c 6h 6c h —n c o n h c 6h 6
I

ArS
II

Ar = p-C H A JL
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III, X-benzylideneaniline (IV), and carbanilide
(V) , all isolated in good yield. In addition, however, 
a small amount of p-tolyl phenylthiolcarbamate
(VI) was isolated.

CeHsNCO
I ------------ >- C6H6CH(SAr)2 +  C6H6C H =N C 6H5

III  IV
+  (C6H5NH)2CO +  C6H5NHCOSAr 

V VI

The identity of VI followed from the elemental 
analysis and comparison with a sample of a syn
thetic product prepared directly from p-toluene- 
thiol. Preparation or compound VI has been 
reported by Gilman and King;4 5 these authors 
found that p-toluenethiol did not react directly with 
phenyl isocyanate but that VI could be obtained 
by employing p-tolylmercaptomagnesium iodide. 
However, since the recent work of Dyer and 
Glenn6 had demonstrated that thiols will react with 
phenyl isocyanate if triethylamine is employed as 
catalyst, this direct method was applied success
fully to the present independent preparation 
of VI. In an additional observation of interest, it 
was found that phenyl isothiocyanate reacts in a 
similar manner with p-toluenethiol under the in
fluence of triethylamine.

Because of the catalytic effect of triethylamine 
on the reactions of p-toluenethiol with phenyl 
isocyanate and with phenyl isothiocyanate, it was 
questioned as to whether a different result from that 
already described might be observed if I were 
treated with phenyl isocyanate in the presence of 
triethylamine. And, indeed, under these conditions, 
products III and V were not obtained, while IV 
and VI were isolated in good yield as the exclusive 
products.

Although no previous studies of the reaction of 
phenyl isocyanate on Schiff base-thiol adducts, 
such as I, have been reported, Neri6 observed a 
similar reaction with the secondary amine VII. 
However, this was an anomalous result in the work 
of this author, for he did obtain exclusively the 
phenylurea derivative corresponding to the 2- 
hydroxy-l-naphthyl isomer of VII,6 as well as in 
several other instances,6’7 whereas in no case have 
we been able to obtain the expected phenylurea 
derivatives in our work.

An explanation of the formation of the products,
III-V, as a result of the action of phenyl isocyanate 
on I, might involve the concerted interaction of the 
complex IX (formed from I and phenyl isocyanate) 
with a molecule of I.8 The formation of VI, on the 
other hand, might result from complexing of 
phenyl isocyanate with the sulfur atom rather than 
the nitrogen atom of I with subsequent decompo
sition of the intermediate complex X into VI and 
X-benzylideneaniline (IV).

H-— 0 
C6H5]S0

e

'c = n c 6h 5
5 !

C5H5CH rT NHCeHs 
V ->  H

S----C , I /  \
Ar c 6H5 SAr

C6H5
I

N-r-H.
( MI CH 0 °

/_ s — c

X Ar NC6H5

In order to determine if a less reactive reagent 
might react with I to form a derivative, rather than 
causing the decomposition that occurred in the 
case of phenyl isocyanate, I was treated with phenyl 
isothiocyanate. However, no reaction was observed 
under a variety of conditions.

Because of the unusual results obtained when I 
was treated with phenyl isocyanate and with phenyl 
isothiocyanate, it seemed desirable to study the 
action of these reagents on some better known 
systems containing the S-C-NH group. Because 
such known systems are cyclic, it seemed that they 
very likely would not decompose in the same 
manner as I but would tend to form phenylureas 
and phenylthioureas with the reagents in question.9 
Further, the possibility of obtaining some qualita
tive information on comparative reactivities was ap
parent. The two cyclic systems of primary interest 
were thiazolidine (XI) and the benzothiazoline 
derivative XII, recently reported by Kiprianov and 
Portnyagina;10 the latter compound is, of course, 
even more closely related to I because of the at
tachment of S and N to a benzene ring. It was found

H

XI XII

CH(CeH5)NHC6H5
VII

c «h 5n c o that XI reacted rapidly and smoothly with phenyl 
isocyanate in anhydrous ether to give in contrast to 
I the expected phenylurea derivative. The closely

(C6H5NH)2CO +  CeH5CH(C10H6OH-l,2)2 +  C6H6CHO 
V VIII

(4) H. Gilman and W. B. King, J. Am. Chcm. Soc., 47, 
1136 (1925).

(5) E. Dyer and J. F. Glenn, J. Avi. Chem. Soc., 79, 366 
(1957).

(6) A. Neri, Gazz. chim. Hal., 61, 681, 815 (1931); Chem. 
Abstr., 26, 1277, 1922 (1932).

(7) A. Neri, Gazz. chim. ¿tal., 64, 420 (1934); Chem.
Abstr., 28, 6436 (1934).

(8) A stepwise process, as discussed in Paper I II  (ref. 1), 
is also to be considered, and vice versa. The explanations 
presented are not necessarily intended to be proposals of 
reaction mechanisms but rather interpretations of product 
formation based on the possible interaction of logical reac
tive centers. A convincing case for any specific mechanism 
would, of course, require more extensive experimentation.

(9) With one exception, these derivatives are new com
pounds.

(10) A. I. Kiprianov and V. A. Portnyagina, J. Gen. 
Chem. ( U.S.S.R .), English translation, 25, 2223 (1955).
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related thiazolidine-4-carboxylic acid did not react 
so smoothly, but gave a hydantoin in low yield. 
The benzothiazoline XII did not react in ether 
with phenyl isocyanate, so that it was necessary 
to remove the ether and heat the mixture to ob
tain the phenylurea derivative. The same di
minished reactivity was observed in the case of the 
adduct I when the reaction was attem.pted in 
ether, and a substantial amount of the starting 
material I was recovered.

As might have been anticipated, phenyl iso
thiocyanate proved to be less reactive than phenyl 
isocyanate. Although it reacted in good yield with 
both thiazolidine (XI) and thiazolidine-4-carbox- 
ylic acid to give the expected products, it failed 
to react with either I or XII under a variety of 
conditions. These results raise a question con
cerning the influence of various factors in diminish
ing the nucleophilic character of the nitrogen atom 
in these conpounds. By a comparison of the 
yields of phenylurea and phenylthiourea deriva
tives obtained for thiazolidine and pyrrolidine, it 
was suggested that the «-sulfide group has an 
effect on the nitrogen atom. Thiazolidine forms a 
phenylurea derivative in 66% yield and a phenyl
thiourea derivative in a 73% yield, while pyrroli
dine forms the same derivatives in higher yields, 
85% and 95%, respectively.11 An even more dra
matic demonstration of the effect, however, was 
noted by the fact that o-methvlthioaniline (XIII) 
reacted readily with phenyl isothiocyanate, while 
the benzothiazoline XII had not. Phenyl isocyanate 
also reacted readily with XIII; however, the dif
ference in the reactivity of this reagent with this 
compound, as compared with I and XII, is not as 
great as in the case of phenyl isothiocyanate. For 
structure XIII, of course, the sulfide group is not 
alpha relative to the nitrogen atom and hence can
not exercise the same effect as with I or XII.

E X P E R IM E N T A L 12

Reaction of N-[a-(p-tolylthio)benzyl]aniline (I) with phenyl 
isocyanate. A. Without catalyst.13 A mixture of 3.05 g. (10 
mmoles) of I 14 and 0.54 ml. (596 mg., 5 mmoles) of phenyl 
isocyanate was heated at 90° for 20 min. in an oil bath. Then 
20 ml. of ligroin (b.p. 100-110°) was added, and heating was

(11) A comparison of the acidic and basic dissociation 
constants of thiazolidine-4-carboxylic acid and proline, as 
obtained by S. Ratner and H. T. Clarke, J. Am. Chem. Soc., 
59, 200 (1937), also demonstrates the effect of the a-sulfide 
group in lessening the nucleophilic character of the nitrogen 
atom.

(12) All melting points are corrected. The microanalytical 
work was performed by Galbraith Laboratories, Knoxville, 
Tenn., and by Weiler and Strauss Laboratories, Oxford, 
England. In most cases, experiments were carried out in 
duplicate and the agreement between results was good.

(13) Some preliminary aspects of this experiment were 
carried out by Richard J. Morath, Ph.D. received from the 
State College of Washington, February 1954.

(14) Prepared in yields of 85-90% by a method previously 
described, G. W. Stacy, R. I. Day, and R. J. Morath, J. 
Am. Chem. Soc., 77, 3869 (1955).

resumed for an additional 10 min. The hot ligroin solution 
was removed from the solid remaining in the flask by means 
of a filter stick. The solid was washed with two 3-ml. por
tions of ligroin, and these were added to the main ligroin 
solution. The solid which had separated proved to be car
banilide (V); yield 655 mg. (72%15), m.p. 243-243.5°, lit.16 
m.p. 238-239°, mixed m.p. 242-243.5°.

The ligroin solution which had been separated from the 
carbanilide was cooled, whereupon a yellow, crystalline 
solid, which was identified as p-tolyl phenylthiolcarbamate
(VI), precipitated; yield 272 mg., m.p. 130-131.5°. Re
crystallization from ethanol gave 192 mg. of colorless 
platelets (16%), m.p. 133.5-134.5°, lit.4 m.p. 127°.

Anal. Calcd. for C14H13NOS: C, 69.10; H, 5.38; N, 5.76. 
Found: C, 69.40; H, 5.51; N, 5.58.

The ligroin filtrate from VI was shaken with two drops 
of water to convert any unreacted phenyl isocyanate to 
carbanilide; 13 mg. of material was obtained and discarded. 
Then 11 ml. of 5% ethanolic potassium hydroxide solution 
was added to the ligroin solution to convert unreacted 
adduct to mercaptide and Schiff base. This mixture was 
extracted with 25 ml. of water; the resulting aqueous ex
tract was acidified with hydrochloric acid and in turn was 
extracted with one 20-ml. and two 10-ml. portions of ether. 
The ether extracts, which contained p-toluenethiol, were 
dried over Drierite, and the ether -was then removed by 
evaporation to give a 10-ml. volume of residue. By an 
iodine-thiosulfate titration, 1.50 mmoles of thiol were showm 
to be present.

The ligroin solution remaining after the above extraction 
procedure was subjected to distillation to remove most of 
the ligroin; the residue then was steam distilled until about 
300 ml. of distillate had been collected. The distillate was 
extracted with one 40-ml. portion and two 20-ml. portions 
of ether. The solvent was removed from the combined, dried 
extracts to give 713 mg. of a residual oil. This was crystal
lized from ligroin to give 476 mg. of N-benzylideneaniline
(IV), m.p. 49-50.5°, lit.17 m.p. 53.5°.

The material remaining in the steam distillation flask was 
extracted with one 20-ml. and two 10-ml. portions of ether. 
The combined extracts were dried, and the ether was re
moved by evaporation to yield 1.43 g. of the mercaptal, 
a,a-bis(p-tolylthio)toluene (III). This material was re
crystallized from ethanol to yield 786 mg. (55%); m.p. 79- 
79.5°, lit.18 m.p. 79°, mixed m.p. 79.5-80°.

B. In  ether solution. Phenyl isocyanate (596 mg., 5 mmoles) 
was added dropwise to 3.05 g. (10 mmoles) of I in 50 ml. of 
absolute ether. When the ether was evaporated and the 
residue was recrystallized from 2-propanol, 1.04 g. (34%) 
of starting material was recovered.

C. With triethylamine as catalyst.5 Quantities of reactants 
were identical as in Procedure A; however, 2-3 drops of 
triethylamine were added. The reaction mixture was heated 
for 15 min. on a steam bath; then 15 ml. of ligroin (b.p. 100- 
110°) was added, and heating was resumed for an additional 
15 min. The hot ligroin solution was decanted from the 
insoluble residue, the residue was washed with two 2-ml. 
portions of ligroin, and the washings were added to the main 
portion of ligroin. The insoluble residue, 1.26 g., m.p. 119- 
123°, and the material which precipitated from the ligroin 
solution, 1.11 g., m.p. 90-110°, were combined and recrystal
lized twice from ethanol to give fairly pure VI; yield 1.21 
g. (50%), m.p. 124-127°, mixed m.p. 128-131°.

The ligroin filtrate was seeded with a crystal of W-benzyl- 
ideneaniline and maintained at —20°. Crude W-benzylidene-

(15) The percentage yield of each product is adjusted 
for the amount of unreacted adduct as determined by 
alkaline decomposition and iodine titration (subsequently 
described).

(16) G. Young and E. Clark, J. Chem. Soc., 73 , 361, 367 
(1898).

(17) G. Pyl, Her., 60, 287 (1927).
(18) E. Fromm and G. Raiziss, Ann., 374, 90, 101 (1910).
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aniline (IV) crystallized; yield 1.23 g. (68%), m.p. 44-47°, 
mixed m.p. 48-49°.

p-Tolyl phenylthiolcarbamate (VI) from p-toluenelhiol. To
l .  24 g. (0.01 mole) of p toluenethiol and 1.19 g. (1.09 ml., 
0.01 mole) of phenylisocyanate was added 2-3 drops of 
triethylamine.5 A crystalline mass formed immediately with 
a considerable evolution of heat. Recrystallization from 
ethanol gave colorless crystals; yield 2.10 g. (87%), m.p. 
132-132.5°. Admixture of this substance with tha t isolated 
in the preceding experiment resulted in no depression in 
melting point, m.p. 130-131°.

p-Tolyl phenyldithiocarbamate. To a mixture of 1.24 g. 
(0.01 mole) of p-toluenethiol and 1.35 g. (1.20 ml., 0.01 mole) 
of phenyl isothiocyanate was added 2-3 drops of triethyl
amine. The crude product, obtained in quantitative yield, 
was recrystallized from ethanol to give 2.54 g. (98% yield) 
of colorless needles, m.p. 141-141.5°.

Anal. Calcd. for CMH13NS2: C, 64.82; H, 5.05; S, 24.73. 
Found: C, 64.77; H, 5.03; S, 24.74.

Attempted reaction of N-[a-(p-tolylthio)benzyl]aniline (I) 
with phenyl isothiocyanate. After preliminary experiments in 
anhydrous ether showed no perceptible reaction had oc
curred [by virtue of recovery of starting material (67%)], 
the following procedure, as employed above with phenyl 
isocyanate, was attempted. A mixture of 3.05 g. (0.01 mole) 
of I  and 1.35 g. (1.20 ml., 0.01 mole) of phenyl isothiocyanate 
was heated on a steam bath for 15 min.; 15 ml. of ligroin 
(b.p. 100-110°) was added, and heating was continued for 
an additional 15 min. From the ligroin solution, 2.70 g. 
(89% recovery) of starting material I  was obtained, m.p.
63-66°. Recrystallization of this material from 2-propanol 
gave 2.22 g. (73% recovery) of relatively pure I, m.p. 68- 
70°.

Phenylurea of thiazolidine (XI). To 890 mg. (0.78 ml., 0.01 
mole) of thiazolidine19 in 25 ml. of absolute ether was added 
dropwise with stirring 1.19 g. (1.09 ml., 0.01 mole) of phenyl 
isocyanate dissolved in 25 ml. of absolute ether. As the addi
tion was begun, a crystalline material began to precipitate 
immediately. When the addition was complete, the product 
was removed by filtration, yield 1.37 g. (66%), m.p. 129- 
130.5°. Recrystallization from ethanol gave 550 mg. (26% 
yield) of colorless plates, m.p. 131.5-132.5°.

Anal. Calcd. for C10H12N2OS: C, 57.66; H, 5.81; N, 13.45. 
Found: C, 57.88; H, 5.76; N, 13.73.

Phenylthiourea of thiazolidine (XI). To 890 mg. (10 
mmoles) of thiazolidine in 25 ml. of absolute ether was added 
dropwise with stirring 1.35 g. (10 mmoles) of phenyl iso
thiocyanate dissolved in 25 ml. of absolute ether. The en
suing reaction yielded 1.66 g. (74%) of colorless plates, m.p.
161.5-162.5°. Recrystallization from ethanol gave 1.27 g. 
(57%), m.p. 166-167°.

Anal. Calcd. for C10H12N2S2: C, 53.53; H, 5.39; N, 12.49. 
Found: C, 53.63; H, 5.61; N, 12.56.

Phenylhydantoin derivative of thiazolidine-4-carboxtylic acid. 
To 1.33 g. (0.01 mole) of thiazolidine-4-carboxylic acid11 
dissolved in 9.5 ml. of N  sodium hydroxide solution was 
added dropwise with stirring 2.98 g. (0.025 mole) of phenyl 
isocyanate (sufficient N  sodium hydroxide solution was 
added simultaneously to maintain an alkaline reaction mix
ture). The carbanilide which formed was removed by filtra
tion, and the filtrate was acidified with N  hydrochloric acid 
to a pH of 3. The hydantoin derivative, which crystallized 
from solution, was obtained in a yield of 430 mg. (18%),
m. p. 152-154°. Recrystallization from 2:1 aqueous ethanol 
gave 300 mg. (13%), m.p. 153.5-154°.

Anal. Calcd. for CnH10N2O2S: C, 56.39; H, 4.30; S, 13.69. 
Found: C, 56.13; H, 4.20; S, 13.10.

Phmylthiohydantoin derivative of thiazolidine-4-carboxylic 
acid. To 1.33 g. (0.010 mole) of thiazolidine-4-carboxylic

(19) Preoared by the method of Ratner and Clarke (ref. 
11); the starting material, mercaptoethylamine hydrochlo
ride (96%), was obtained from Evans Chemetics, Inc., 250 
E. 43rd St., New York, N. Y.

acid in 9.5 ml. of N  sodium hydroxide solution was added 
slowly 1.43 g. (0.011 mole) of phenyl isothiocyanate. I t  was 
necessary to shake the reaction mixture for 60 hr. on a 
mechanical shaker before the reaction appeared complete. 
Insoluble material was removed by filtration, and the fil
trate was acidified with N  hydrochloric acid to pH 2-3. 
The resulting product was removed by filtration to give 
1.73 g. (69% yield), m.p. 190.5-193.5°. Two recrystalliza
tions from ethanol gave 1.08 g. (43%), m.p. 196-197.5°.

Anal. Calcd. for CuH10N2OS2: C, 52.77; H, 4.03; N, 11.19; 
S, 25.62. Found: C, 52.83; H, 4.05; N, 11.18; S, 25.45.

A second method, which has been employed by Edman20 
for the preparation of thiohydantoins, gave a better yield. 
To 1.33 g. (0.01 mole) of thiazolidine-4-carboxylic acid in a 
solution of 25 ml. of pyridine and 25 ml. of water was added 
sufficient N  sodium hydroxide solution to adjust the pH 
to 9. The mixture was warmed to 40°, and 2.86 g. (0.021 
mole) of phenyl isothiocyanate was added with stirring 
over a period of 1.5 hr. The resulting reaction mixture was 
extracted with eight 25-ml. portions of benzene to remove 
pyridine and excess phenyl isothiocyanate. The reaction 
mixture was acidified to a pH of 3, and the precipitated 
product removed by filtration; yield 2.06 g. (90%), m.p.
192.5-194.5°.

2,2-Pentamethylenebenzothiazoline (XII). This substance 
was obtained by heating under reflux for 1 hr. on a steam 
bath a mixture of 2.20 g. (0.0175 mole) of o-aminobenzene- 
thiol21 and 1.76 g. (0.018 mole) of cyclohexanone.10 Upon 
cooling, the reaction mixture formed a crystalline mass; this 
was recrystallized from ethanol to give colorless needles; 
yield 2.77 g. (77%), m.p. 111-112°, lit.10 m.p. 111-112°.

Phenylurea of X II. Initially, the reaction of 1.03 g. (5 
mmoles) of X II in 25 ml. of absolute ether and 740 mg. 
(6.22 mmoles) of phenyl isocyanate in an equal volume of 
ether was attempted. Since no reaction seemed apparent 
because of the lack of the usual precipitate forming immedi
ately in the solution, the ether was removed, and the reac
tants heated directly. Under these conditions, a crude, crys
talline product formed and was recrystallized from ethanol 
to give 1.14 g. (70% yield) of long needles, m.p. 155.5- 
156.5°.

Anal. Calcd. for Ci<iH2oN2OS: C, 70.34; H, 6.21; N, 8.64. 
Found: C, 70.23; II, 6.18; N, 8.90.

Attempted phenylthiourea formation from X II. Several dif
ferent sets of conditions were employed using equivalent 
amounts of X II and phenyl isothiocyanate. In all of these 
attempts, reaction failed to take place, as demonstrated by 
a good recovery of X II: (1) Reactants stirred in ether solu
tion, recovery 74%. (2) Reactants heated under reflux in 
benzene solution, recovery 65%. (3) Reactants heated on a 
steam bath without solvent, recovery 93%. (4) Reactants 
heated on a steam bath without solvent but with 2-3 drops 
of triethylamine added as catalyst, recovery 84%.

Phenylurea of pyrrolidine. To 1.00 g. (0.014 mole) of pyr
rolidine in 50 ml. of absolute ether was added dropwise with 
stirring 2.08 g. (0.018 mole) of phenyl isocyanate. A color
less, crystalline precipitate formed immediately and was 
collected by filtration; yield 2.31 g. (85%), m.p. 134.5- 
135.5°, lit.22 m.p. 133-134°.

Phenylthiourea of pyrrolidine. From 1.00 g. (0.014 mole) 
of pyrrolidine in 50 ml. of absolute ether and 2.38 g. (0.018 
mole) of phenyl isothiocyanate was obtained an extremely 
pure product as fine needles (no recrystallization was re
quired); yield 2.76 g. (95%), m.p. 123-124°. The analytical 
sample was dried in vacuo over phosphorus pentoxide for 2 
hr. a t room temperature.

Anal. Calcd. for C16H „N 2S: C, 64.05; H, 6.84; N, 13.58. 
Found: C, 64.13; H, 6.81; N, 13.50.

(20) P. Edman, Acta Chem. Scand., 4, 277 (1950).
(21) American Cyanamid Co., New York, N. Y.
(22) R. A. Henry and W. M. Dehn, J. Am. Chem. Soc., 

71, 2297 (1949).
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Drying conditions were critical, for if the sample were 
dried a t 95° for 14 hr., the product was converted to a dif
ferent substance, m.p. 150-151°. This substance was not 
investigated further.

Anal. Found: C, 64.36; H, 6.95; N, 14.70.
o-Methylthioaniline (XIII). A mixture of 25.0 g. (0.21 

mole) of o-aminobenzenethiol, 21 28.4 g. (0.20 mole) of 
methyl iodide, and 1 0  g. of sodium hydroxide in 1 0 0  ml. of 
50% ethanol was heated under reflux with stirring for 45 
min. A major part of the ethanol was removed by distillation, 
and the resulting solution was extracted with ether. The 
combined, ether extracts were washed with several portions 
of water to remove sodium iodide and then dried over 
Drierite. After the ether had been removed by distillation, 
the residual oil was distilled to •give 15.7 g. (57% yield) of 
a light yellow, foul smelling liquid; b.p. 124° (14 mm.), 
n 2D5 1.6220, d \s 1.115, lit . 2 3  b.p. 234°. As the original report23  

of this compound did not include an analysis, this was 
carried out in respect to the present sample.

Anal. Calcd. for C 7 H 9 N S :  C, 60.39; H, 6.52; S, 23.03. 
Found: C, 60.52; H, 6.38; S, 23.15.

Phenylurea of X III. From the reaction of 1.39 g. (0.01 
mole) of o-methykhioaniline with 1.19 g. (0.01 mole) of 
phenyl isocyanate, by heating the mixture on a steam bath

(23) A. W. Hofman, Ber., 2 0 , 1788 (1887).

as previously described, was obtained 2.48 g. (8 6 % yield) 
of a crystalline product, m.p. 126-127°. Recrystallization 
from ethanol gave fine needles, yield 2.19 g. (85%), m.p. 
129-131°. The analytical sample, prepared by a second 
recrystallization from ethanol, melted at 132.5-134°.

Anal. Calcd. for ChH i4N 2OS: C, 65.09; H, 5.46; N, 10.85. 
Found: C, 65.13; H, 5.39; N, 10.82.

Phenylthiourea of X III. The same procedure was followed 
as for the phenylurea except that 1.35 g. (0.01 mole) of 
phenyl isothiocyanate was used; yield 2.44 g. (89%), m.p. 
168-169°. Recrystallization from ethanol gave 1.28 g. (47% 
yield) of fine needles, m.p. 168-168.5°.

Anal. Calcd. for C14H 14N 2S2 : C, 61.28; H, 5.14; X, 10.21. 
Found: C, 61.23; H, 5.16; N, 9.98.
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B en zilic  Acid R earran gem en t o f  Carbon-14 Labeled 2 -M eth y lb en zil

JEROME F. EASTHAM, RONALD G. NATIONS, a n d  CLAIR J. COLLINS

Received February 19, 1958

2-Methylbenzil has been synthesized specifically labeled with carbon-14 in the carbonyl group adjacent to the unsubsti
tuted phenyl ring. Rearrangement of the labeled 2-methylbenzil produces 2-methylbenzilic acid with over 97% of the 
labeling in the carboxyl group, indicating tha t in the rearrangement the unsubstituted phenyl group migrates almost ex
clusively. The relationship of this finding to the mechanism of the benzilic acid rearrangement is briefly discussed.

In connection with another problem1 it was 
necessary to prepare 2-methylbenzil. Because of 
recent interest in the rearrangement of benzils,2 
the 2-methylbenzil prepared was labeled with 
carbon-14 and its benzilic acid rearrangement was 
examined.

Labeling of 2-methylbenzil with carbon-14 
adjacent to the unsubstituted ring was effected by 
standard reactions shown in Chart I. The 2- 
methyldesoxybenzoin (I) intermediate in this 
preparation had not been previously prepared and 
was characterized by its reduction to a carbinol 
and also by its conversion to a 2,4-dinitrophenyl- 
hydrazone. The specificity of the labeling of the 
2-methylbenzil (II) was checked by addition of 
phenylmagnesium bromide to this compound

(1) J. F. Eastham, J. E. Huffaker, V. F. Raaen, and C. J. 
Collins, J. Am. Chem. Soc., 78, 4823 (1956).

(2) (a) W. von E. Doering and R. 8 . Urban, J. Am. 
Chem. Soc., 78, 5938 (1956); (b) M. T. Clark, E. C. Hendley, 
and O. K. Neville, J. Am. Chem. Soc., 77, 3280 (1955); 
(c) D. B. O tt and G. G. Smith, J. Am. Chem. Soc., 77, 2325, 
2342 (1955); (d) J. D. Roberts, D. R. Smith, and C. C. Lee, 
■J. Am. Chem. Soc., 73, 619 (1951); (e) W. von E. Doering,
T. I. Taylor, and E. F. Schoenwaldt, J. Am. Cliem. Soc., 70, 
445 (1948).

O OH
Il I* 
c—C — Ph

I
Ph

CH3 O

Chart I

+  Ph2CO 
1.44 mc/mole

followed by oxidation of the resulting a-phenyl- 
2-methylbenzoin1 to o-toluic acid devoid of radio
activity and benzophenone of the same molar 
radioactivity as the 2-methylbenzil (II).

Rearrangement of the labeled 2-methylbenzil 
in the usual manner afforded in good yield 2- 
met.hylbenzilic acid (III) of the same molar radio
activity as the benzil (II). The labeled acid (III) 
was oxidized with chromium trioxide to 2-methyl-
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CH3 o 0
II
CPh

CH3 OH

-C -O H  Cr03
II

Ph 0

CHi CHa

IV
Chart II

benzophenone which was converted to a 2,4- 
dinitrophenylhydrazone (IV) for radioassay. The 
molar radioactivity of the 2,4-dinitrophenylhy- 
drazone (IV) was just 2.7% of the starting benzil 
(II). Since IV had not previously been character
ized it was also independently synthesized. These 
reactions are summarized in Chart II.

The findings shown in Chart II indicate that in 
the rearrangement of 2-methylbenzil the phenyl 
group migrates almost exclusively. In Table I this 
finding is compared with related results previously 
reported. In terms of the accepted mechanism for 
the benzilic acid rearrangement, the present finding 
shows that V, rather than VI, is the intermediate 
through which II is rearranged.8

It is apparent that V should be much more stable 
than VI. Both by its electron release and by the 
steric compression it introduces, the ortho methyl 
group should destabilize VI. Destabilization of a 
similar intermediate by an ortho chloro (instead of 
methyl) group should be much less and it is there
fore pertinent that the migration ratio of the sub
stituted ring in 2-chlorobenzil is sixteen times that 
of the substituted ring in 2-methylbenzil (see 
Table I). It is also pertinent that the decrease in 
migration ratio of the substituted ring is much 
greater in going from 4- to 2-methylbenzil than it is 
in going from 4- to 2-chlorobenzil. These observa
tions show the primary retarding effect of the ortho 
methyl group to be a steric one.

These observations are best explained with the 
assumption that the transition state for the ben
zilic acid rearrangement closely resembles expected 
intermediates such as V and VI, i.e., that the 
transition state lies quite close to the intermediate 
along a reaction coordinate leading from inter
mediate to product.4 5 In other words we reject the 
proposal by Clark, ,Hendley, and Neville2b of a 
transition state, such as VII, with elaborately 
redistributed bonding electons.6 If a transition state 
resembling VII were obtained, there could be little

TABLE I
M i g r a t i o n  i n  t h e  B e n z i l i c  A c i d  R e a r r a n g e m e n t

Compound

Per Cent 
Migration of 
Substituted 

Ring

Migration 
Ratio of 

Substituted 
Ring“

4-Methylbenzil 38 .8b 0.63
2-Methylbenzil 2 .T 0.028
4-Chlorobenzil 67.2s 2.05
2-Chlorobenzil 31 .2d 0.46

0 Ratio of per cent migration of substituted ring to 100 
minus this value. The ratios are not corrected for any isotope 
effect. 6 Ref. 2b . c This work. d Ref. 2c.

II

Oe  0
I II

HOC— C - P h

(3) The first proposal of an intermediate similar to VI 
for the benzilic acid rearrangement was by A. Michael 
[J. Am. Chem. Soc., 42, 815 (1920)]. This concept of the 
key intermediate in the rearrangement has been investigated 
and refined2 until today it is virtually incontrovertible. 
The last reported work2“ substantiates this concept by show
ing rearrangement to be caused also by alkoxide ion (instead 
of hydroxide ion) in which case the product is the cor
responding alkyl ester (instead of an acid).

difference between the migration rate of a sterically 
encumbered group and an unsubstituted group;
o-tolyl migration toward phenyl would have about 
the same steric requirements as phenjd migration 
toward o-tolyl.

E X P E R IM E N T A L 6

S-Methy ¡benzyl cyanide-C14. To a stirred solution of 55.5 
g. of 2-methvlbenzyl bromide in 200 ml. of absolute alcohol 
was added in one portion 22 g. of potassium cyanide (ca.
1.5 me./mole) in 50 ml. of water. The reaction mixture 
refluxed spontaneously for a few minutes, was refluxed for 
90 min., and was then allowed to stand at room tempera
ture overnight. After the reaction mixture was treated with 
Norit-A and filtered through a pad of Fisher alumina, all 
of the alcohol was distilled at reduced pressure. The aqueous 
mixture remaining was extracted with ether which was in 
turn washed, dried, and evaporated. The residue was dis

(4) For a discussion of the possible relationship between 
transition states and known intermediates in a reaction see
G. S. Hammond, J. Am. Chem. Soc., 77, 334 (1955).

(5) For other reasons other authors2“ have criticized 
the proposal of Clark, Hendley, and Neville. I t  is important 
to note however that the latter stressed the tentative, 
speculative nature of their proposal.

(6) Melting points and boiling points are uncorrected. 
Microanalyses were performed by Weiler and Strauss, 
Oxford, England. Radioassays were performed by com
busting samples to C 02 and counting this in an ionization 
chamber with a vibrating reed electrometer.
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tilled to yield 26 g. of 2 -methylbenzyl cyanide-C14, b.p. 95- 
9671  mm. (lit . 7 115-120710 mm.).

2-Methyldesoxybenzoin (I). To the Grignard reagent pre
pared from 49 g. of bromobenzene and 7.6 g. of magnesium 
in 200 ml. of ether, there was added 20.5 g. of the above 
o-tolyl cyanide-C1 4  in 80 ml. of ether. The addition took 
about 2 0  min. during which time the stirred reaction solu
tion refluxed spontaneously. The reaction solution was 
refluxed for 3 hr. and then poured onto a stirred mixture of 
300 g. of ice and 150 ml. of concentrated hydrochloric acid. 
The aqueous layer was separated quickly and allowed to 
stand at room temperature overnight. This aqueous mixture 
was then extracted with ether w'hich was in turn washed, 
dried, and evaporated to leave 1 1 . 6  g. of a crystalline 
residue, m.p. 60-65°, which could be used for oxidation to 
2 -methylbenzil (see below) without further purification. 
Purification of the crude desoxybenzoin was attempted by 
distillation (b.p. 170-175°/8 mm.), crystallization, and sub
limation. The latter process gave material with a sharp m.p.,
65.5-66°, but this material did not give the proper elemental 
analysis for 2-methyldesoxybenzoin. For characterization 
the compound was reduced to 2 -methylbenzylphenylcar- 
binol (see below) and converted to a 2,3-dinitrophenyl- 
hydrazone.

To a solution of 47 mg. of 2,4-dinitrophenylhydrazine in 
0.25 ml. of concentrated sulfuric acid there was added a 
solution of 50 mg. of the 2-methyldesoxybenzoin (m.p. 65- 
6 6 °) in 2 ml. of 95% alcohol. The mixture wms refluxed 10 
min., cooled, and the red needles w'fiich appeared collected. 
Recrvstallization of this product from alcohol then from 
chloroform gave 57 mg. of 2-methyldesoxybenzoin 2,4-dinitro- 
phenylhydrazone, m.p. 182-183°.

Anal. Calcd. for C2 H 15N 40 4: C, 64.60; H, 4.65; N, 14.35. 
Found: C, 64.54; H, 4.76; N, 14.30.

2-Methylbenzylphenylcarbinol. A solution of 40 mg. of 
lithium aluminum hydride and 2 1 0  mg. of 2 -methyldesoxy- 
benzoin (m.p. 65-66°) in 20 ml. of ether was refluxed for 
10 min. Work up in the usual manner gave an oil which 
crystallized from ligroin as 2 -methylbenzylphenylcarbinol, 
m.p. 29-30°.

Anal. Calcd. for C15H 16O: C, 84.87; H, 7.60. Found: C, 
84.67; H, 7.81.

2-Methylbenzil-Cli (II). A solution of 6  g. of crude 2- 
methvldesoxybenzoin-C14 (m.p. 60-65°), 3.2 g. of selenium 
dioxide, and 0.5 ml. of water in 20 ml. of dioxane wans re
fluxed for 12 hr. The reaction mixture was filtered and the 
solvent was distilled. The residue was leached with ether 
and the resulting ethereal solution was washed, dried, and 
evaporated to an oil which was distilled; the fraction col
lected 175-185°/3 mm., 4.2 g., crystallized spontaneously. 
Recrystallization gave pure 2-methylbenzil, m.p. 57-57.5° 
(lit. 8  57-58°), 1.442 ±  0.001 mc./mole.

a-Phenyl-2-methylbenzoin-C14. A Grignard reaction be
tween the above-labeled benzil and phenylmagnesium 
bromide was carried out exactly as described1 for the un
labeled benzil. There was produced carbinol-labeled a- 
phenyl-2-methylbenzoin-C14, m.p. 116-117°, 1.442 ±  0.003

(7) P. Hill and W. F. Short, ./. Chem. Soc., 1123 (1935).
(8 ) A. McKenzie and A. L. Kelrnan, J. Chem. Soc., 412

(1934).

mc./mole. Oxidation of a sample of the carbinol-labeled 
benzoin was carried out with chromium trioxide, again 
exactly as described1 for the unlabeled benzoin. There was 
produced o-toluic acid, m.p. 104-105°, which was devoid 
of radioactivity, and benzophenone wdiich was characterized 
as its 2,4-dinitrophenylhydrazone, m.p. 238-239°, 1.441 ±  
0 . 0 0 2  mc./mole.

2-M ethylbenzilic acid-Cu  (III). A solution containing 130 
mg. of 2-methylbenzil, 550 mg. of potassium hydroxide, 1 
ml. of alcohol, and 1.5 ml. of water was heated for 10 min. 
on the steam cone. The solution wras cooled, diluted with 
water, and extracted with ether. There was recovered 29 
mg. of 2 -methylbenzil from this ether extraction of the 
reaction mixture. The aqueous layer was acidified and 
extracted with ether. This ether extract was dried and 
evaporated and the residue recrystallized to give 105 mg. 
(96% based on unrecovered starting material) of 2-methyl- 
benzilic acid C14, m.p. 113.5-114.5° (lit. 9  * 1060 114.5°), 1.443 ±  
0 . 0 0 1  mc./mole.

Degradation of 2-methylbenzilic acid-Cu . A solution of 99 
mg. of 2-methylbenzilic acid and 31 mg. of chromium tri- 
oxide in 1  ml. of glacial acetic acid was heated on the steam 
cone for 30 min. with occasional swirling. Two milliliters of 
water were added and the solution was extracted with ether. 
The ether solution was extracted with saturated sodium 
bicarbonate solution and with water, dried and evaporated 
to give 74 mg. of a light yellow oil. A solution of this oil 
and 74 mg. of 2,4-dinitrophenylhydrazine in 1 ml. of con
centrated sulfuric acid and 0.25 ml. of ethanol was heated 
for about 30 sec. on the steam cone, then the total volume 
was increased to 5 ml. by the addition of 95% ethanol. 
This solution wms refluxed for 20 min., during which time 
red crystals began to appear. The mixture was cooled and 
centrifuged and the liquid decanted. The red crystals wrere 
washed with water and recrystallized five times from a 
mixture of equal portions by volume of chloroform and 
alcohol. There was obtained 8 6  mg. of 2-methylbenzo- 
phenone 2,4-dinitrophenylhydrazone, m.p. 176-178° (unde
pressed by authentic material prepared as described below), 
0.039 ±  0.001 mc./mole.

2-M elhylbenzophenone 2,4-dinitrophenylhydrazone (IV). A 
mixture of 2 0  g. of 2 -methylbenzoyl chloride, 2 0  g. of 
anhydrous aluminum chloride, and 50 ml. of dry benzene 
was refluxed for 1  hr. The excess benzene was removed by 
distillation and the residue was distributed between water 
and ether. The ether layer was w'ashed with aqueous hydro
chloric acid, aqueous sodium carbonate and water, dried, 
filtered and the ether distilled. The residue was distilled; 
the fraction distilling at 121.5-122.5°/1.25 mm. amounted 
to 14 g. of crude 2-methylbenzophenone as a light yellow 
oil. A sample of this oil wars treated with 2,4-dinitrophenvl- 
hvdrazine in ethanolic sulfuric acid in the usual manner. 
2-Methvlbenzophenone 2,4-dinitrophenylhydrazone wras ob
tained as red needles, m.p. 176-178°.

Anal. Calcd. for C2oHi6N 40 4: C, 63.85; H, 4.25; N, 15.42. 
Found: C, 64.15; H, 4.38; N, 14.84.

K n o x v i l l e , T e n n .

(9) K. Mislow and M. Siegel. J. Am. Chem. Soc., 74,
1060 (1952).
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The products of the reaction of two ethylene sulfides with triphenylphosphine and with triethyl phosphite in ether have 
been examined. The most favored reaction is the elimination of the sulfur atom of the three membered ring and formation 
of the olefin, the sulfur being donated to the P (IIR compound forming the thiono PG") derivative.

Various ethylene sulfides were reported to react 
with triphenyl- and triethyl-phosphine to give the 
corresponding phosphine sulfide and with triethyl 
phosphite to produce the thionophosphate;3 how
ever, the remainder of the ethylene sulfide ring was 
not determined. The other products of this reaction 
are the subject of this report. Triphenylphosphine 
appears to be a mild and selective reagent for deg
radation of various types of sulfur compounds.

E X P E R I M E N T A L 4

The preparation and purification of the ethylene sulfides 
have been reported previously.1

Cyclohexene sulfide with triphenyl phosphine. Freshly dis
tilled cyclohexene sulfide (5.493 g., 0.0481 mole) was dis
solved in 10 ml. of anhydrous ether and cooled in an ice 
bath. Triphenylphosphine (12.613 g., 0.0481 mole) was dis
solved in ether and the solution quantitatively added to the 
sulfide solution (total volume 80 ml.). The flask was tightly 
stoppered and placed in a water bath at 25.0° in the dark. 
The solution soon became turbid and platelets separated. 
After three days at 25.0° the mixture was filtered giving 10.15 
g. of white platelets, m.p. 159-161°, recrystallized from alco
hol, m.p. 160.5-161°. The infrared spectrum, melting point 
and mixed melting point with an authentic sample identified 
the material as triphenylphosphine sulfide.6

The ether liquor was quantitatively transferred onto a 
vacuum line with the aid of a known amount of ether. The 
solution was frozen and then the volatile components re
moved and condensed in traps. The residue amounted to 
3.402 g., m.p. 145-159°. Infrared analysis demonstrated 
the presence of some unreacted triphenyl phosphine (2 ±  
1% based on the over-all reaction) and some of the polymer 
of cyclohexene sulfide (1 ±  0.5%). The remainder was the 
phosphine sulfide, from alcohol, m.p. 160-161°. The total 
amount of phosphine sulfide accounted for was 96 ±  2%.

The volatile components collected in the traps were 
analyzed by infrared spectra and vapor-phase chromatog
raphy, which demonstrated the presence of 3.90 g., 95%, 
of cyclohexene, b.p. 83°, n 2D5 1.4441, identical with an 
authentic sample. Ultraviolet spectra1 disclosed 0.5% of 
unreacted cyclohexene sulfide.

Cyclohexene sulfide with triethyl phosphite. Cyclohexene 
sulfide (3.99 g., 0.035 mole) and triethyl phosphite (5.81 g.) 
were reacted together in 50 ml. of anhydrous ether at 25° 
for three days. The turbid reaction mixture was fractionally

(1) Paper II, R. E. Davis, J. Org. Chem., 23, 1380 (1958).
(2) National Science Foundation predoctoral fellow, 1955- 

1957.
(3) C. C. J. Culvenor, W. Davies, and N. S. Heath, / .  

Chem. Soc., 282 (1949).
(4) All temperatures are corrected.
(5) P. D. Bartlett and G. Meguerian, J. Am. Chem. Soc.,

78, 3710 (1956).

distilled. The solvent was removed at 35-36°; cyclohexene 
was recovered a t 83°, 2.63 g., 91%; traces of triethyl phos
phite, b.p. 155° were obtained. The remainder was dis
tilled in vacuum and triethvl thionophosphate obtained, b.p. 
102-103° at 20 m m , 6.01 g., 87%. The products were 
identified by comparison of the physical properties and 
infrared spectra with authentic samples. The pot residue 
and chaser contained at least 5% of the polymer of cyclo
hexene sulfide.

Propylene sulfide with triphenyl phosphine. Propylene sul
fide (2.84 g.) was dissolved in 25 ml. of anhydrous ether and 
quantitatively added to an ether solution of triphenyl phos
phine (10.00 g. in 100 ml. ether) at room temperature. The 
flask was connected to an ice condenser, an ice trap, and 
then to a Dry Ice-acetone trap. As the reaction progressed 
some propylene (b.p., —48°) collected in the Dry Ice trap. 
The infrared spectrum was identical with an authentic 
sample. From the ether solution triphenylphosphine sulfide 
(10.5 g., 94%, m.p. 160-162°) was isolated.

D IS C U S S IO N

The most favored reaction between ethylene sul
fides and triphenylphosphine or triethyl phosphite 
is the removal of the sulfur atom forming the cor
responding olefin and the thion phosphorus-V 
derivative.

\ s +  R3P

/
/ \

\ /c
- || +  RaPS 

C
/ \

The amount of polymer formation seems to be 
slight if the solvent is anhydrous and has low abil
ity to solvate ions. Reactions of the ethylene sul
fides in alcoholic solvents3 sometimes lead to more 
polymer formation; possibly the solvent lyate ion 
contributes to this reaction. Polymer formation in
creases with increasing temperature.3

Other examples are available of the ability of 
many trivalent phosphorus compounds to remove 
sulfur from various sulfur compounds. Alkane thi
ols are desulfurized with triethyl phosphite under 
irradiation to form the thionophosphate and the al
kane.6-7 Certain reactive disulfides as tetramethyl- 
thiuram disulfide and aroyl disulfides readily donate

(6) F. W. Hoffmann, R. J. Ess, T. C. Simmons, and 
R. S. Har.zel, / .  Am. Chem. Soc., 78, 6414 (1956).

(7) C. Walling and R. Rabinowitz, J. Am. Chem. Soc., 
79, 5326 (1957).



1768 KORMAN v o l . 23

one sulfide sulfur to triphenylphosphine forming the 
phosphine sulfide.8'9 10 Other disulfides are reactive 
under conditions of photolysis or free radicals.7

Recently Scott19 has observed the reaction of tri
ethyl phosphite with epoxides forming the corre
sponding olefin and triethyl phosphate. The reac
tion conditions were much more severe (three hours 
at 150-175°) than those needed for the sulfur com
pounds (one to three days at 25°). Scott suggested 
a mechanism involving ring opening by the phos
phite at the carbon atom and then formation of a 
four membered l-oxa-2-phosphacyclobutane ring

(8) A. Schonberg and M. Z. Barakat, J. Chem. Soc., 892 
(1949).

(9) A. Schdnberg, Ber., 68, 163 (1935).
(10) C. B. Scott, J. Org. Chem., 22, 1118 (1957).

which then decomposes to the phosphate and the 
olefin. Wittig11 studied the reaction of triphenyl
phosphine with epoxides at 160-180°. A four center 
transition state was postulated and the relationship 
to the Wittig reaction is obvious. Discussions con
cerning the reaction mechanism are speculative.

Phosphines and phosphites appear to be well 
suited as reagents in the structure determination of 
various sulfur compounds. The conditions are mild; 
polysulfides, disulfides, thiiranes, thiols, and other 
functional groups can be easily degraded. Investi
gation of other functional groups containing sulfur 
is continuing with phosphorus-III compounds.

C a m b r id g e  38, M a s s .

(11) G. Wittig and W. Haag, Ber., 88, 1654 (1955).

[C o n t r ib u t io n  p r o m  t h e  R e s e a r c h  L a b o r a t o r ie s  o p  T h e  U p jo h n  C o m p a n y , K a l a m a z o o , M i c h i g a n ]

Carbonic A nhydrase In h ib itors. I. B en zo th ia zo le  D erivatives

JEROME KORMAN 

Received May SI, 19S8

A number of aryl-substituted benzothiazole-2-sulfonamides have been prepared, all of which are potent carbonic anhy
drase inhibitors. One of these, the 6-ethoxybenzothiazole-2-sulfonamide, produces a clinically useful diuresis.

Carbonic anhydrase inhibitors have become im
portant drugs for the treatment of conditions which 
are evidenced by edema.1 The more important sub
stances are diuretics, which produce a beneficial 
loss of sodium and water with concurrent body 
weight loss, and are characterized by a sulfonamide 
group in which the sulfonamide nitrogen is un
substituted.2 Research in this field was prompted 
by the experiments of Schwartz3 with sulfanil
amide in cases of congestive heart failure. Although 
diuresis occurred, low potency and the recognized 
toxic effects of sulfanilamide rendered it valueless 
for this purpose.

In the search for a more active replacement, 
Roblin and Clapp4 * prepared a large number of 
heterocyclic sulfonamides, many of which were 
indeed powerful carbonic anhydrase inhibitors. 
Among these, benzothiazole-2-sulfonamide, which 
appeared to be one of the most potent enzyme

(1) C. K. Friedberg, R. Taylor, M. Halpern, New Engl. 
J. Med., 248, 883 (1953); W. M. Grant and R. R. Trotter, 
Arch. Ophthalmol., 51, 735 (1954); S. Merlis, Neurology, 4, 
863 (1954); E. M. Latts, Minn. Med., 38, 184 (1955); j .  R. 
Ashe, B. Carter, W. L. Thomas, and W. R. Kerr, Obstet, and 
Gynecol., 7, 242 (1956).

(2) T. Mann and D. Keilin, Nature, 146, 134 (1940), H. A. 
Krebs, Biochem. J., 43, 525 (1948).

(3) W. B. Schwartz, New Engl. J . Med., 240, 173 (1949).
(4) R. O. Roblin and J. W. Clapp, ./. Am. Chem. Soc., 72,

4890 (1950).

inhibitors, was subsequently reported6 to be devoid 
of diuretic activity, a fact which was confirmed in 
these laboratories. This apparent anomaly can be 
reasonably explained on the basis of insolubility or 
an unfavorable rate of metabolism. Since diuretic 
activity in these compounds had been attributed to 
carbonic anhydrase inhibition,3 it seemed of interest 
to prepare a series of substituted benzothiazole-2- 
sulfonamides and determine, firstly, the effect of the 
substituent and its position on carbonic anhydrase 
activity and, secondly, what effects, if any, these 
substituents might have upon such factors as 
solubility and metabolism.

Prior to the report of Roblin and Clapp, very 
few heterocyclic sulfonamides had been prepared. 
Chlorosulfonation, which works admirably with 
aromatic compounds to produce a sulfonyl chloride, 
fails generally with heterocyclic systems. Although a 
few such reactions have been reported,6'7 the yields 
are poor, and the usual product is one in which 
nuclear chlorination has taken place. Similarly the 
reaction involving conversion of the salt of a sul
fonic acid into the acid chloride results either in 
chlorination or replacement of the sulfonic acid

(5) J. M. Sprague, New York Academy of Sciences, Biology 
Section, November 8, 1957.

(6) H. J. Backer and J. A. Keverling Buisman, Rec. trav. 
chim., 63, 228 (1944).

(7) G. R. Barker, N. G. Luthy, and M. M. Dhar, J. Chem. 
Soc., 4206 (1954).
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group by chlorine.8-10 The oxidative chlorination of 
heterocyclic mercaptans to give the sulfonyl 
chloride, which was used so successfully in previous 
studies for the preparation of benzothiazole-2- 
sulfonamide, we found to be unsatisfactory with 
other members of this series. One experiment with
6-ethoxy-2-mercaptobenzothiazole gave a very low 
yield of impure sulfonamide, and another method 
was sought.

Among the processes reported for the preparation 
of N '-substituted sulfanilamides is one involving 
an intermediate aryl sulfenamide, which is oxidized 
to a sulfonamide.11 The sulfenamide was prepared 
from the sulfenyl chloride by treatment with the 
appropriate amine according to the scheme:

R = N 02, CH3CONH

This same procedure was found applicable to the 
preparation of benzothiazole-2-sulfenyl chloride12 
and benzothiazole-2-sulfenamides, references to 
which appear in the patent literature.13 These latter 
compounds have found wide application as ac
celerators in the rubber processing industry. Al
ternate methods for the direct preparation of 
sulfenamides have also been described.14 In these 
cases the sodium salt of a mercaptan is treated with 
a solution of chloramine, as such, or which is pre
pared in situ. Since we had found by experience 
that chlorine was an unsatisfactory reagent, we 
used the last method for the preparation of our 
sulfenamides. The scope of the reaction has been 
thoroughly covered in an excellent article by Carr, 
Smith, and Alliger.15 Various substituted 2- 
mercaptobenzothiazoles in aqueous solution as the 
sodium salt were added simultaneously with a solu

(8) C. M. Suter, The Organic Chemistry of Sulfur, John 
Wiley and Sons, Inc., New York, N. Y., 1944, pp. 459, 500.

(9) R. Forsyth, J. A. Moore, and F. L. Pyman, J. Chem. 
Soc., 919 (1924): G. R. Barnes and F. L. Pvman, ,7. Chem. 
Soc., 2711 (1927).

(10) S. B. Greenbaum, J. Am. Chem.. Soc., 76, 6052 (1954).
(11) E. H. Northey, The Sulfonamides and Related Com

pounds, Reinhold Publishing Corp., New York, N. Y., 1948, 
pp. 258, 309, and 310.

(12) W. E. Messer, U. S. Patent 2,257,974 (1941).
(13) W. H. Ebelke, U. S. Patents 2,343,538 (1944) and 

2,351,496 (1944).
(14) Ger. Patent 586,351 (1933); R. S. Hanslick, U. S. 

Patent 2,304,568 (1942); R. H. Cooper, U. S. Patent 
(1944): 2,339,002 G. E. P. Smith, Jr., U. S. Patent 2,560,021
(1951).

(15) E. L. Carr, G. E. P. Smith, Jr., and G. Alliger, ./. 
Org. Chem., 14, 921 (1949).

tion of sodium hydrochlorite to concentrated 
ammonium hydroxide. The resulting sulfenamides 
were oxidized to the sulfonamides with potassium 
permanganate in aqueous acetone solution (Table 
I):8 9 10 11 12 13 14 15 16

1. K M n O ,

2. H +

_N
1 JL

s  so ,n h 2

TABLE I

Analysis 
N___________ S

Compound M.p. Caled. Found Caled. Found

1.

2.

3.

4.

5.

6.

7.

Benzothi- 175.5- 
azole-2- 176°
sulfonamide

4- Methyl- 182.5-
benzothi- 184.5°
azole-2-
sulfon-
amide*1

6-Methyl- 196- 
benzothi- 198.5°
azole-2- 
sulfon- 
amide6

5- Chlorobenz- 205.5-
othiazole- 208°
2-sulfon
amide'

4-Methoxy- 195-199°
benzothi- 
azole-2- 
sulfon- 
amideá

6- Ethoxy- 188-
benzothi- 190.5°
azole-2-
sulfon-
amide'

6-Acetamido- 233-235°
benzothi- 
azole-2- 
sulfonamide

a a a a

12.27 12.50 28.09 27.88

12.27 12.64 28.09 28.13

11.27 11.94 25.78 25.68 

11.4711.70 26 .2626 .52

10.85 10.72 24.82 24.74

15.49 15.58 23.63 23.51

a Identical with that prepared by the method of Roblin 
and Clapp (cf. ref. 4). 0 The starting mercaptan was pre
pared by the method of L. B. Sebrell and C. E. Boord, J. 
Am. Chem. Soc., 45, 2390 (1923). '  The starting mercaptan 
was prepared by the method of J. Teppema and L. B. 
Sebrell, J. Am. Chem. Soc., 49, 1748 (1927). d The starting 
mercaptan was prepared by a modification of the method of
H. Erlenmeyer, H. Ueberwasser, and H. M. Weber, Helv. 
Chim. Acta, 21, 709 (1938) . e The starting mercaptan was ob
tained from duPont. I t  was purified by precipitation from a 
solution of the sodium salt with excess acid followed by re- 
crystallization from 95% ethyl alcohol.

When one considers the number of reactions 
which may occur in a mixture of mercaptan, hy
pochlorite, and ammonium hydroxide, it is surpris

(16) Shortly after the culmination of our work the 
preparation of 6-Uraeilsulfonamide by this procedure was re
ported (c/. ref. 10).
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ing that any of the desired product can be isolated. 
For example, hypochlorite and ammonia may react 
in the following ways:17

(a) NH, +  NaOCl — =» NH2C1 +  NaOH

(b) 2NHS +  3NaOCl---N2 +  3H20  +  3NaCl

Any free chlorine in the hypochlorite may also 
react with excess ammonia to produce nitrogen and 
ammonium chloride.17 Reaction (b) is an accepted 
analytical method for the quantitative determina
tion of ammonia. In addition the hypochlorite may 
react with the mercaptan to produce a disulfide or 
the salt of a sulfonic acid:16

(c) 2RSNa — > RSSR

(d) RSNa — ^  RSOaNa,

Despite the fact that some of these side reactions 
are most certainly taking place, we have been able 
to prepare sulfenamides of high purity in satis
factory yields. Although they appear to be stable 
when dry and free from alkali, it has been found 
advantageous to convert the crude material directly 
into the sulfonamide without further treatment.

The real simplicity of the process lies in the fact 
that the course of both oxidative steps may be fol
lowed potentiometrically. In later experiments the 
end-point of sulfenamide formation was determined 
with an antimony vs. standard calomel electrode 
system,18 and the permanganate oxidation with a 
platinum vs. calomel system. Excellent results were 
obtained with a Beckman “Model G” pH Meter 
which reads in millivolts. Since the potentiometer 
indicates the presence of excess oxidizing agents, 
exact concentrations of solutions are relatively 
unimportant. This is a decided advantage when 
one works with commercial sodium hypochlorite 
solution, the concentration of which varies from 
about 9 to 16 per cent during shipment and storage.

The crude sulfonamides were usually purified by 
recrystallization from a suitable solvent. In some 
cases, however, the product was always contami
nated with a second substance which could best be 
separated by chromatography. This was subse
quently shown by its infrared absorption spectrum 
and elementary analysis to be an aryl substituted 
2-hydroxy-benzothiazole (I), which displayed a 
keto-enol system: The formation of this impurity

appeared to be dependent both upon the type of 
aryl substituent and its position. Generally the 
stronger electron donating groups stabilized the 
sulfonamide, whereas an increased amount of

(17) C. A. Jacobson, Encyclopedia of Chemical Reactions, 
Reinhold Publishing Corp., New York, N. Y., 1955, pp. 
143, 144.

(18) P. T. Paul and B. D. Hunter, U. S. Pat. 2,419,283 
(1947).

cleavage was observed with the weaker donors. The 
substituent at position 6 tended to impart greater 
stability than did that in position 4 or 5. Electron 
attracting groups, on the other hand, contributed 
to extensive decomposition. For example, 6-nitro- 
benzothiazole-2-sulfonamide wTas not isolated by 
this procedure. The only product obtained was 2- 
hydroxy-6-nitrobenzothiazole. The order of sta
bility in the series under discussion, then, appeared 
to be as follows: H > C2H80 > CH3CONH > CH3 
> Cl > N 02.

The acid-catalyzed nucleophilic displacement of
6-uracilsulfonic acid to give barbituric acid was 
recently reported by Greenbaum and Holmes.19 
Similarly Roblin and Clapp4 described the cleavage 
of a number of their heterocyclic sulfonamides 
including benzothiazole-2-sulfonamide, which took 
place upon warming with 6N  hydrochloric acid. 
The products obtained were the hydroxy com
pounds. Except for the acidification of the final 
solution of the potassium salt of the sulfonamide, 
the conditions for our procedure dictate basic 
solutions. We believe that a base-catalyzed nucleo
philic displacement of the su'fonamide group ade
quately accounts for the observed results. In those 
cases where hydrolysis occurred a noticeable odor of 
sulfur dioxide was detected when the final solution 
was acidified. It does not seem reasonable to expect 
the cleavage to be instantaneous, and we conclude 
that the by-product is formed during the perman
ganate oxidation, when the pH increases to approxi
mately 10.

Biological activity. (Table II). All of the com
pounds prepared were found to be potent carbonic 
anhydrase inhibitors when tested by the method of 
Philpot and Philpot.20 Of the three compounds 
which possessed significant diuretic activity in the 
rat,21 the most potent, 6-ethoxybenzothiazole-2- 
sulfonamide (Cardrase),22 has received extensive 
clinical study in cases of congestive heart failure 
and glaucoma.23 Published clinical studies showed 
this compound to possess two to four times the 
diuretic activity of 2-acetamido-l,3-4-thiadiazole-
5-sulfonamide (Diamox)24 on a milligram basis. 
Pharmacological activities are shown in Table II. 
More complete pharmacological data will be pub
lished elsewhere.

(19) S. B. Greenbaum and W. L. Holmes, J. Am. Chem. 
Soc., 76, 2899 (1954).

(20) F. J. Philpot and J. S. L. Philpot, Biochem. J., 30, 
2191 (1936).

(21) The assay method is a modification of the procedure 
of W. L. Lipschitz, Z. Hadidian, and A. Kerpcsar, J. Pharma
col. and Exptl. Therap., 79, 97 (1943).

(22) CARDRASE is the Upjohn trademark for ethoxyol- 
amide.

(23) (a) J. Moyer, S. Kinard, and R. Serscherger, Anti
biotic Med. & Clin. Therapy, 3, 179 (1956). (b) H. Gold, T. H. 
Greiner, L. Warshaw, N. T. Kwit, and A. Ganz, J. Am. 
Med. Assoc., 167, 814 (1958).

(24) DIAMOX is the trademark for acetazolamide.
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TABLE II

Compound

Carbonic
Anhydrase
Inhibition“

Diuretic
Activity6

1 3.2 X KD8 Inactive
2 6.5 X IO"8 Inactive
3 2.8 X IO”8 Active
4 4.8 X IO“8 Inactive
5 1.04 X IO"7 Inactive
6 2.7 X IO"8 Active
7 7.3 X IO"8 Active

0 The concentration required to produce 50% inhibition. 
b Indicates a t least a 25% increased urine excretion in rats in 
excess of the controls, a t doses of 5, 10, and 20 mg./kg.

E X P E R I M E N T A L 26

The procedure used was essentially the same in all cases 
and is illustrated by the preparation of 6-ethoxybenzothi- 
azole-2-sulfonamide. The apparatus consisted of a small 
battery jar fitted with a clear plastic (Lucite) cover. Holes 
were drilled in the cover to accommodate a stirrer, thermom
eter, two dropping funnels, and the two electrodes (calo
mel and either antimony or platinum). An additional small 
opening served as a vent. The same container was used for 
both reactions.

A. 6-Ethoxybenzothiazole-S-sulfenamide. A solution of 21 g. 
(0.1 mole) of 6-ethoxy-2-mercaptobenzothiazole and 4 g. of 
sodium hydroxide in 75 ml. of water, and a solution of sodium 
hypochlorite (approximately 10%) were added dropwise 
simultaneously to 300 ml. of concentrated ammonium hy
droxide which was cooled to 7-10° and vigorously stirred. 
The initial reading of the potentiometer was —530 mv; 
the final reading, indicating a slight excess of hypochlorite, 
was —430 mv. The material, which began to precipitate 
almost immediately, was filtered and thoroughly washed 
with ice water to remove ammonia.

B. e-Ethoxybenzothiazole-S-sulfonami.de. The crude, damp 
sulfenamide was suspended in 250 ml. of acetone and 450 ml.

of water. With stirring there was added 440 ml. of 5% potas
sium permanganate solution a t such a rate that the tempera
ture was maintained a t about 35° and the potentiometer 
showed no great excess of oxidizing agent a t any time. The 
initial reading was usually less that +50 mv; the final po
tential was +440 mv. The mixture was filtered from the pre
cipitated manganese dioxide, and the latter washed with 100 
ml. of 5% sodium hydroxide solution and then with 200 ml. 
of water. The combined filtrates were concentrated under 
reduced pressure a t 40° to remove most of the acetone. 
Acidification with concentrated hydrochloric acid gave the 
sulfonamide as a light tan solid. There was obtained 17.6 g. 
of material which melted a t 175-188°. Recrystallization from 
ethyl acetate-petroleum ether gave 12.3 g. of colorless 
product, m.p. 188-190.5°.

When it was necessary to separate the sulfonamide from 
the 2-hydroxybenzothiazole, the crude mixture was dis
solved in methylene chloride and chromatographed over 
Florisil (80 g. of adsorbent for each gram of material). 
Elution with 5% acetone in Skellysolve B gave the cleavage 
product. The sulfonamide could be recovered wdth 20% ace
tone in Skellysolve B. The compounds which were identified 
are: (a) 5-Chloro-2-hydroxybenzothiazole, m.p. 235-237°. 
Anal. Calcd. for C,H4C1N0S: N, 7.55; S, 17.27; Cl, 19.10. 
Found: N, 7.88; S, 17.36; Cl, 19.24.

(b) 6-Nitro-2-hydroxybenzothiazole, m.p. 252-256°. 
Anal. Calcd. for C7H4N 2O3S: N, 14.28; S, 16.34. Found: N, 
14.44; S, 16.88.
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(25) Melting points are uncorrected. K ala m a zo o , M ic h .
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Notes A  d e p a r t m e n t  f o r  s h o r t  p a p e r s  o f  i m m e d i a t e  i n t e r e s t .

Preparation and Properties o f Tertiary  
Alkyl Form ates

D a v i d  W .  Y o u n g  a n d  E i l e e n  M .  P a r e  

Received, January 2, 1958

Although Cottle1 has reported the use of ion 
exchange resins as catalysts in the preparation of 
alkyl esters, he utilized special dry resins and 
limited his work to the acetate esters. In this work 
tertiary alkyl esters of formic acid have been pre
pared using ion exchange resins containing as much 
as 53% moisture.

Five tertiary alkyl formates were prepared by 
Barkenbus.2 He made tert-butyl formate by the 
reaction of aluminum ferf-butoxide with w-butyl 
formate and also, using sulfuric acid as the catalyst 
in the reaction of formic acid with isobutylene. 
The use of sulfuric acid as a catalyst in the addition 
of acids other than formic to alkenes has been re
ported.8“6

Earlier workers6’7 have prepared tertiary alkyl 
formates but their yields have been poor and the 
esters impure.

The cationic exchange resins tested in this study 
were of the polystyrene divinylbenzene sulfonic 
acid type, the most effective resin being Dowex 
50-X8 (200-400 mesh). Reactions were run using 
the resin as obtained from the supplier, that is, 
“wet” containing as much as 53% moisture. 
Other reactions were run using resins which had 
been dried at 100° for 24 hr. In addition both types 
of resin were reused several times without losing 
their effectiveness. The best yields of the ester 
were obtained when between 1-1.5% wet catalyst 
(based on the weight of formic acid) was used at a 
reaction temperature below 65°. Below this 
catalyst concentration the reaction rate was too 
slow to be efficient while above this concentration 
and temperature the formation of polymer by
product became appreciable.

It is of interest to note that no reaction took 
place when diisobutylene was treated with formic

( 1 ) D. Cottle, U. S. Patent 2,678,332 (1954).
(2) C. Barkenbus, M. Naff, and K. Rap~>, J. Org. Chem., 

19, 1316 (1954).
(3) G. Timofejev and L. Andreasov, Chem. Zentr., 96, 

(II), 1652 (1925).
(4) W. Scovill, R. E. Burk, and H. Lankelma, J. Am. 

Chem. Soc., 6 6 , 1039 (1944).
(5) R. Altschul, J. Am. Chem. Soc., 6 8 , 2605 (1946).
(6 ) W. Taylor, J. Chem. Soc., 1852 (1937).
(7) E. Sucharda and T. Mazonski, Bnt. Chem. Abstracts,

B 497 (1933).

acid in the presence of Dowex 50-X8. This would 
seem to indicate that, although diisobutylene type 
material is a by-product in the formation of tert- 
butyl formate, the ion exchange resin is not a 
catalyst for the addition of acids to the higher 
polymers of isobutylene.
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tert-Butyl formate. A typical preparation is given. Formic 
acid (208 g., 4.5 moles) and “wet” Dowex 50-X8, 200-400 
mesh (2.5 g., 1.2% by weight of formic acid) were placed in 
a gas washing bottle and isobutylene gas was bubbled 
through the system at the approximate rate of one mole per 
hour. After 4 hr. the gas flow was discontinued and the 
resin filtered off. The reaction mixture was washed with 
eight portions of ice water and then dried over anhydrous 
magnesium sulfate. Vacuum distillation of the product 
gave ferf-butyl formate (43.6% yield): b.p. 83°/760 mm., 
reaD5  1.3790, d 2 5  0.8717 (reported , 2 n 2 4D5  1.3783, d f  0.8718, 
b.p. 82.8/760 mm.).

Anal. Calcd. for C5H 10O2 : C, 58.9; H, 9.8. Found: C, 59.2; 
H, 9.7.

tert-Amyl formate. Anhydrous formic acid (50 g., 1.09 
moles) and 2 methyl butene-2 (72 g., 1.03 moles) were 
agitated occasionally for two days a t room temperature 
in a 4-oz. glass stoppered bottle using “wet” Dowex 50-X8, 
200-400 mesh (0.3 g., 0.6% by weight of formic acid) as 
the catalyst. The resin was filtered off and the filtrate was 
washed six times with ice water. After drying over anhydrous 
magnesium sulfate the sample was distilled. There were 
obtained 2-methyl-2-butene boiling at 41° and ieri-amyl 
formate (23.8%) b.p. 112.1°, n 2D5 1.3952, d 2 5  0.8821 (re
ported2 n 2D5 1.3951, d2 6  0.8853, b.p. 112.9°).

Anal. Calcd. for CeH^CL: C, 62.0; H, 10.7. Found: C, 
62.1; H, 10.4.

S i n c l a i r  R e s e a r c h  L a b o r a t o r i e s , I n c .

H a r v e y , I I I .

R eduction  o f Fluorenonecarboxylic Acids to  
Fluorenecarboxylic Acids 1

D. C. M o r r is o n  

Received January 21, 1958

Many of the syntheses in the fluorene series are 
rendered difficult by the inaccessibility of the 
fluorenecarboxylic acids. The reduction of the 
fluorenonecarboxylic acids to the corresponding 
fluorene acids is the step which seems to give the 
poorest yields. Several processes have been de
scribed for this reduction but the Clemmensen and

(1) The work described in this paper was carried out under 
a research grant (No. C-327 and CY-2915) to Prof. D. 
M. Greenberg, from the National Cancer Institute, United 
States Public Health Service.
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Wolff-Kishner methods have been used most often. 
Thus, Gutmann and Albrecht,2 described a modi
fied Clemmensen reduction of fluorenone-1-car
boxylic acid during 40 hours reflux, and British 
workers3'4 have used a shorter heating period. 
Sawicki and Chastain5 report unsatisfactory yields 
or mixtures resulted from three different procedures 
for reduction of the fluorenone-1 acid.

Schiessler and Eldred6 obtained 43% of fluorene- 
2-carboxylic acid by a Wolff-Kishner type reduc
tion of fluorenone-2-carboxylic acid. It has also 
been prepared by a Grignard carbonation in 20% 
yield,7 and by a 2-step processs, the last step of 
which involves iodine and phosphorus reduction.6'8

The method of Suzuki9 was tried in the present 
work, employing some variations. This worker re
duced fluorenone-4-carboxylic acid to fluorene-4- 
carboxylic acid using hydriodic acid and phos
phorus in acetic acid during 10 hr. heating at i 30 - 
140°. This work was repeated in refluxing acetic 
or propionic acids as solvents, and was extended 
to the other fluorenonecarboxylic acids. In each 
case, the corresponding fluorenecarboxylic acids 
were formed in good yields in the refluxing sol
vent, and the process is adaptable to large scale 
work. Propionic acid is advantageous in that the 
fluorenonecarboxylic acids are more soluble in it 
at the boiling point, and a higher reaction tem
perature may be realized, but the use of acetic acid 
is more economical.

Enough solvent was employed to keep the fluore
nonecarboxylic acids in solution throughout the 
reaction. As the other isomeric fluorenonecarboxylic 
acids are less soluble than fluorenone-4-carboxylic 
acid, a greater volume of solvent was required for 
their solution. The solubility of the fluorenone-2- 
carboxylic acid was so low that it was found to be 
more convenient to reduce its ethyl ester. During 
the course of the reduction, the ester was hy
drolyzed by the hydriodic acid and fluorene-2- 
carboxylic acid was isolated. The methyl ester of 
fluorenone-3-carboxylic acid was employed for 
reduction in the 3 series. In all of the reductions, no 
unchanged fluorenonecarboxylic acids were de
tected in the products under the conditions used.

(2) H. R. Gutmann and P. Albrecht, ./. Am. Chem. Soc.., 
77,175(1955).

(3) J. Forrest and S. H. Tucker, J. Chem. Soc., 1137
(1948).

(4) N. Campbell and W. H. Stafford, J. Chem. Soc., 299
(1952).

(5) E. Sawicki and B. Chastain, J. Org. Chem., 21, 1028 
(1956).

(6) R. W. Schiessler and N. Eldred, J. 1 m. Chem. Soc., 
70,3958(1948).

(7) D. C. Morrison, J. Am. Chem. Soc., 74, 3430 (1952).
(8) F. E. Ray and G. Rieveschl, J. Am. Chem. Soc., 65, 

836(1943).
(9) K. Suzuki, Technol. Repts. Tôhoku Unie., 19, 63

(1954). Chem. Abstr., 50, 905 (1956).
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Melting points are uncorrected and were taken on a 
Fisher-Johns melting point block.

In view of the results of Suzuki, it is probable tha t the 
reflux time may be shortened but this was not done in order 
to ensure completeness of the reaction. Descriptions of the 
reduction of fluorenone-l-carboxylic acid and fluorenone- 
2-carboxylie ethyl ester are given as representative examples 
of the process Yields ranged from 83% to nearly theoretical.

Fluorene-l-cnrboxylic acid. A solution of 3.44 g. of fluore- 
none-l-earboxylic acid in 250 ml. of glacial acetic acid was 
mixed with 5.5 g. of red phosphorus and 6 ml. of 47-50% 
hydriodic acic.. This mixture was refluxed for 46 hr. and then 
most of the solvent distilled. The residue was diluted to 350 
ml. with cold water and after several hours standing was 
filtered and the product was washed. I t was stirred with an 
excess of warm dilute potassium carbonate solution and 
filtered from phosphorus. The filtrate was acidified with 
hydrochloric acid and left overnight. The acid was filtered, 
wrashed, and dried. I t  weighed 3.18 g. or 99%. After several 
recrystallizations from acetone-petroleum ether at low 
temperatures, it had a melting point of 242-247° with pre
vious sintering (Lit. 245-247° Corr.2). A run which was re
fluxed 70 hr. gave a nearly theoretical yield of slightly better 
quality acid. The reduction w'as also carried out in propionic 
acid as solvent with a 40-hr. reflux period.

Fluorene-2-carboxylic acid. The ethyl ester of fluorenone- 
2-carboxylie acid -was prepared by overnight refluxing of 
the acid in ethanol containing a little sulfuric acid. This 
ester (10.96 g.) was dissolved in 250 ml. of hot acetic acid 
and treated with 15 g. of red phosphorus and 17 ml. of 47- 
50% hydriodic acid. The mixture was refluxed 30 hr. and 
worked up as with the 1 isomer. Decolorization with a little 
Norit was carried out in potassium carbonate solution and 
the acid precipitated with hydrochloric acid. A yield of 8 g. 
or 88% of air-dried acid was obtained. I t sintered about 
200° and discolored above 220° with melting 255-272°. 
One recrystallization from ethanol gave a product sintering 
a t 235° and m.p. 265-275°. The literature melting points 
vary from 265-2770.6,7 A reduction in propionic acid as 
solvent gave a crude yield of 97%.

If the free fluorenone-2-carboxylic acid is reduced in acetic 
acid, 300-350 ml. of boiling solvent is required for solution 
of 2 g. The fluorenone-2-earboxylic acid should be finely 
ground and refluxed for complete solution in excess acetic 
acid before adding the other reagents, which are best intro
duced near the boiling point. Though this is wasteful of acetic 
acid, a nearly theoretical yield of fluorene-2-earboxylic acid 
was obtained of good melting point without recrystalli- 
zation. Propionic acid is slightly better as a solvent for the 
acid.

Fluorene-2-ca.rboxylic acid was esterified by refluxing its 
solution in an excess of absolute ethanol containing some 
sulfuric acid for 16 hr. and isolating as usual. A nearly quan
titative yield of ethyl ester was obtained which was re
crystallized from ether-petroleum ether and acetone-water. 
I t  had m.p. 81-82°. The ethyl ester does not seem to have 
been prepared previously.

Anal. Calcd. for CisHiiCh: C, 80.67 H, 5.88. Found: C, 
80.63 H, 5.61.

Fluorene-3-earboxylic acid. The reduction of the methyl 
ester of fluorenone-3-carboxylic acid has already been 
described.10 In general it was similar to the method em
ployed with the 2 isomer and fluorene-3-carboxylic acid wras 
obtained in 9S % yield.

Fhiorene-4-earboxylic acid. In two experiments, fluorenone- 
4-carboxvlic acid was reduced in propionic acid solution using 
24 and 42 hr. reflux time. In both cases, 87% of fluorene-4- 
carboxylic acid was obtained. After recrystallization from

(10) D. C. Morrison, ./. Org. Chem., 23, 1371 (1958).
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aqueous acetone, this acid had m.p. 191-193° (Lit.9 189- 
191°).

D e p a r t m e n t  o f  P h y s i o l o g i c a l  C h e m i s t r y  

S c h o o l  o f  M e d i c i n e  

U n i v e r s i t y  o f  C a l i f o r n i a  

B e r k e l e y , C a l i f .

Synthesis o f  Som e /3-Phenethylam ine  
Derivatives. I

J. R. M e r c h a n t  a n d  A. J. M o u n t w a l a  

Received February 19, 1968

/3-Phenethylamines are well known for their 
sympathomimetic activity, which is modified by 
the presence of substituents both in the side chain 
as well in the aromatic nucleus.1 With a view to 
studying the effects on the physiological activity of 
different substituent groups like alkyl, alkoxyl, and 
halogen in various positions in the nucleus a num
ber of /3-phenethylamines were synthesized.

These amines were synthesized by the conden
sation of aromatic aldehydes with nitromethanes in 
acetic acid solution,2 to yield the corresponding 
/3-nitrosytrenes. The latter were then reduced with 
lithium aluminum hydride3 to the /3-phenethyl- 
amine derivatives, which were characterized as their 
picrates and wherever possible as their hydro
chlorides.

2,3,5- (XIII) and 2,3,6- (XIV) -Trimethoxy-/3- 
phenethylamines are hitherto unknown analogs of 
Mescaline. The starting material for the synthesis 
of XIII was 2,3,5-trimethoxybenzaldehyde.4 The 
latter was prepared5 by the Elb’s persulfate oxida
tion of o-vanillin to 2,5-dihydroxy-3-methoxy- 
benzaldehyde and subsequent methylation.

For the synthesis of 2,3,6-trimethoxy-/3-phen- 
ethylamine, the starting material was 2,3,6-trimeth- 
oxybenzaldehyde,5 whose synthesis was at
tempted by different routes. The easiest approach 
to its synthesis appeared to be through 2-hydroxy-
6-methoxybenzaldehyde,6 which on Elb’s persul
fate oxidation and subsequent methylation, would 
yield 2,3,6-trimethoxybenzaldehyde. Accordingly,
2,6-dihydroxybenzaldehyde (A) was prepared by

(1) “Medicinal Chemistry,’’ A. Burger, Interscience Pub
lishers, Inc., New York, N. Y., Vol. I, 1951, p. 335; “Text 
Book of Organic Medicinal & Pharmaceutical Chemistry,” 
C. O. Wilson and 0. Gisvold, Lippincott Co., Philadelphia, 
Pa., 1954, p. 305.

(2) C. B. Gairaud and C. R. Lappin, J. Org. Chem., 18, 
1-3(1953).

(3) M. Erne and F. Ramirez, Help. Chim. Acta, 33, 912 
(1950); F. Ramirez and A. Burger, J. Am. Chem. Soc., 72, 
2782(1950).

(4) W. Baker, N. C. Brown, and J. A. Scott, J. Chem. 
Soc., 1923 (1939).

(5) J. R. Merchant, R. M. Naik, and A. J. Mountwala, 
J. Chem. Soc., 4142 (1957).

(6) L. Rao and T. R. Seshadri, Proc. Ind. Acad. Sci.,
19A, 143(1944).

the hydrolysis of the known 8-formyl-7-hydroxy-
4-methylcoumarin7 or from 2,6-dihydroxy-3-meth- 
oxycarbonylbenzaldehyde8 by boiling with excess 
of water. The first method gave very poor yields 
of (A) and was abandoned. The second afforded a 
48% yield of (A). However, persulfate oxidation of 
2-hydroxy-6-methoxybenzaldehyde under different 
conditions proved to be unsuccessful. 2,3,6- 
Trimethoxybenzaldehyde was finally prepared as 
described by Merchant et al.5

During the course of the synthetic work, the 
decarboxylation of 3-carboxy-2-hydroxy-6-meth- 
oxybenzaldehyde, 3-carboxy-2,5-dihydroxy-6-meth- 
oxybenzaldehyde, and their respective anils, was 
studied under different conditions. I t has been ob
served by Weijlard et al.9 that the anil of opianic 
acid could be decarboxylated by heating with cop
per bronze. However, in the above two cases the 
desired decarboxylated product could not be iso
lated. Methylation of 3-carboxy-2,5-hydroxy-6- 
methoxybenzaldehyde resulted in the formation 
of 3-methoxycarbonyl-2,5,6-trimethoxybenzal- 
dehyde, obtained as an oil and characterized by 
the preparation of a 2,4-dinitrophenylhydrazone. 
Hydrolysis of the above oily product gave instead 
of the expected 3-carboxy-2,5,6-trimethoxybenz- 
aldehyde, a substance of melting point 224- 
225°, having a different molecular composition. 
From the analytical data, no definite structure could 
be assigned to it.

A detailed account regarding the pharmacological 
properties of the amines will be published elsewhere.
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0-Nitrostyrenes. A mixture of 5 g. of the aldehyde, 5 ml. 
of nitromethane, 2 g. of ammonium acetate, and 20 ml. of 
glacial acetic acid, was refluxed at 130° for 2 hr. The reac
tion mixture was cooled, and the solid which separated was 
collected and crystallized from methanol or acetic acid. If 
no solid separated, the resulting solution was poured into 
ice water, and the precipitated semisolid mass or oil was ex
tracted with ether. The ether solution was washed with 
water, dried, and the solvent distilled, when either a solid 
or an oil was left behind. The solid was purified by crystalli
zation, whereas the oil was directly subjected for reduction.

B-Phenethylamincs. The reduction of the (3-nitrostyrene 
with lithium aluminum hydride, to the corresponding /?- 
phenethylamine, was carried out according to the general 
method followed by Erne and Ramirez.3

A solution of 3 g. of the /3-nitrostyrene in dry ether was 
added dropwise to a well stirred suspension of 2 g .  of lithium 
aluminum hydride, in 100 ml. of dry ether. A mixture of 
ether and benzene was employed for styrenes which were 
sparingly soluble in ether. The reaction mixture was gently 
refluxed for 2 hr., and then decomposed with 2N sulfuric 
acid. To the aqueous layer, solid lithium carbonate was

(7) S. M. Parekh and \ . M. Thakor, J. of Univ. Bombay, 
23,37(1954).

(81 R. C. Shah and M. C. Lai walla, J . Chem. Soc., 1828
(1938).

(9) J. Weijlard, E. Tashijan, and M. Tishler, J . Am. 
Chem. Soc., 69, 2070 (1947).

(10) Melting points are uncorrected and were taken in 
open capillary tubes.



M
e

l
t

in
g

 P
o

in
t

s
 a

n
d

 A
n

a
l

y
s

e
s

 o
p

 t
h

e
 /

3-
N

it
r

o
s

t
y

r
e

n
e

s
 a

n
d

 t
h

e
 /

3-
Ph

e
n

e
t

h
y

l
a

m
in

e
 D

e
r

iv
a

t
iv

e
s

__
__

__
__

__
__

__
__

__
__

__
__

_
ff

-N
itr

os
ty

re
ne

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_
ff

-P
he

ne
th

yl
am

in
e 

Pi
cr

at
e_

__
__

__
__

__
__

__
__

A
na

ly
si

s_
__

__
__

__
__

 
__

__
__

__
 

A
na

ly
si

s_
__

__
__

Fo
un

d 
C

al
cd

. 
Fo

un
d 

C
al

cd
.

NOVEMBER 1958 NOTES 1775

6 5 o In 4 0
G
IN CO

«
o

o
0 5 CM O CM IN 4 0 4 0 4 0

K
4 0 t F ^ 1 Tji 4 0 4 0 Th 4 0 4 0 4 0 Tji CO Tti Tti

È S CO CO rH Tfl c o rH CM CM T—1 CO Til Til
- o c o TH CO o 0 5 r > ,_i O rH 0 0 0 5 CO CO

O Tfl Til 4T2 Tfl 4 0 Til 4 0 4 0 4 0 4 0 t JI CO Tfl Til

6 5 o IN O o Th 1 CM CM rH CM CO 0 0 CO CO

a
4 0 Tjl' 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 Tfl CO Til’ Til

6 5 o 4 0 CO o rH CO CO CM CO IN CM IN IN 0 0

0 5 CO t H 0 0 o 0 5 o rH o y - i 00 0 5 c o CO
o Tfl 4 0 4 0 ^il 4 0 4 0 4 0 4 0 Til CO Til Til

3
S
u
O

o , o i 5 i t : ) a ® t. 0 0 t l 0 0 : i aq q q o q q o q q q q ^ o q

O D r - < M ( - , a ‘ 0 O ( ~ 0 O i ' 0 O f ' « 3 t - > r -

d d d d o d d o d o d d o d

o
o

n

a

c -5

K

6 5

o '

ß 5

a

6 5

Ö

o
o

PM

a)

t 3
a
3
o
a
g
o

O

4 0  CM
8T3

4 0  rH  0 5  0 5

«
"Ö
CO CO 0 5 Til

■G
o CM 0 5 r -

CO CO Til CM CO 0 0 rH 0 0 0 0 In  0 0 0 5  4 0  CO

3  3
rH  CM T”1 rH1 CM Tjl rH  rH

Til H CO 0 5  GO 0 0 4 0 4 0 0 0 o o Ò  o o CO
0 0  CO TÌ1 rH  IN  go rH o o o o IN In 0 5  4 0 CO
rH  rH r - l  CM r” 1 H CM H 1—1 rH rH rH  rH rH

CO 0 0 • 0 0  IN  CM CO 0 0 CO 0 0 4 0  Til

CO 4 0 • 4 0  c o  ; o c o CO CO CO CO 4 0

0 0  CM . CM CM 0 0 0 0 CM 0 0 CM In  cm

O  0 5 0 5  CM O  CO 4 0 CO 4 0 rH  4 0
CO 4 0 4 0  CO CO c o  CO CO CO Tfl 4 0

CO o • CO IN  CM CM 4 0 4 0 M  o o

CO CO ■ IQ  CO CO CO IN CO CO CO XO

O  TH . rH  TÌ1 rH 0 0 Til 0 5  o a s  CO
rH  0 5 ; 0 5  CM rH CO 4 0 CO 4 0 rH  4 0
CO 4 0 4 0  CO CO CO c o CO CO Til 4 0

o d d d d d d d d d d ^ d d
£ £ & £ £ £  £ £ ! q  £  £  pp £  &

d d d d d o d d d d d c l d d

GO N  CO »O t F GO CO
c o o  ^ n ^ c o i - i c q - ^ i - i  o  o
0 5  0 5  T—I I—I H  ?—( GO rH1 rH  I—( I-1

O O r'H H C O H C O ^rM T 'O O cr
H rH I—t H T-H rH O rH rH O

i CM CO t F ; lO  O  N  CO ! 0 5  o  o  c oI—I OQ

I r—«

o
d ad-i

O  " ë

5  g
œ  A

, s  h
^  >>'? J
s 5  &*5
? S s  s

« ?  »  r g  ¥
0  TP

S i i
. s  g & 
p i  §  
4.HPJ 
o f  cm c q

Î 8 Ç
*  ¡L  ö  - e
-d g tjI .d
o dg >> Id
S ® Q S

q q -s S
tH rtf pt) <£>

I v; I kd
î>> OX a X -|M5
o i  ó  gda o -d S

3  S  3  t| i

i s f  ^
odi -d da -d

'  — -p. -t-3 
<D CD

e s s a
3  3  5 3
Ó _  T ^  T ^  Ò
o f  o f  o f  o f

> iV.
o

d a
H-p< I I
2  >> Ï *8 x y 

a d  o  o  
^  d  d
CO ' S  'S  
P f  g g  
2
S H H
2  >0^ ó  

PQ of cf 
iO of of

! i> >. S ¡X X X rj LJ i—1
^  x  x

• In  .
H • nO

• CD . 
CO ^C O

T  f i T 3

5  o  d  
- °  °Cm  1

CO
CO

o  -
CO

d g  d

u ^ q

' H d ^ d
f .

o  od  
O  ^ 3

g a - g ^ - g

g | 3 ê o
O m H  • r, _ '  ^

- d o  ® o
*• — CC 0

o
-9 r  3

S o

CD
X 2

g  £  5  
3  . a  M 
Ö  -O  "O

0  ©  n l  
T J  -Î3 ^
r t  O  <D

• -  O d

J3-§ 8
h c o - i

CM
o

InCM

o

s

<N g

P g 2  
o i
2 o ^

^ 2

s

s

.8
T m
o3

o

PH*

d

2
c3

T3
<

5
0 0
TP
o

rvi CO c o  
oj i o  £ 3  

-O  d  CM ^  c q

1  • !  s  8  a
a  >  . • .
“  a  a  g- a

I - S s s s
o  2 ^ ^ . ^  

+= - f i  o3 X ’ ü
a3 CD v- / w v - ^  

td f-M CQ
3  u  g
t-( O  ^ 3
CQ '

O h h  CM . -CM • 00
r  8  «

8 ^  , r

^  S
j  C* pp
. S  OQ

f  S p
co -

û q_ i s
h f l N .

§ 1  fe 
►—1 ^ m c q  

• æ  ,

.S

3 Ph nTO „  •+-»
8  8 - g  

H ö P h 

Ph* CO W*

rJS ^  ^
° S g  

^  d  

§

• g -S d
X )  Ö m. r- 
O  ^  c»

P iœ  s  
tó tó ."
■r) T3 Q  
f l  e  ,  ■

■ t s  o

o3

o3
0Oco i/j

- p  -t̂ >
CD CD 5̂ -O .O O id-
Pm Pm ^
<;<c<cPW

. OI
CM O  
CM JN O ^

§  ^  CO 
CO «  S3

^  I  2
•ir in cfq w
S " Ü S  
G P Ê 2  <n <£t  .CO ^  . rfi
^  d ^  2

.in "S d*' rÏO ^ CD ci 00 JJr d 5 ^
J « 2 |  s  

S'”  5 °§ ö ¡3 Sg « ä -n in m ra Ö fn 52 <u 0) £  S ' n

w 3  3  5¿ 5  •< <tj
T3 HJ

Æ) V>



1 7 7 6 NOTES v o l . 2 3

added until its pH was about 6. The hot solution was filtered 
through Kieselguhr and the clear filtrate and washings were 
added to an alcoholic solution of picric acid. On cooling, 
the amine picrate separated out, which was recrystallized 
from methanol. The yield of the picrate in almost all cases 
ranged from 60 to 70%.

Two grams of the above picrate was boiled with 14 ml. of 
concentrated hydrochloric acid. After cooling, the precipi
tated picric acid was filtered. The filtrate was extracted with 
nitrobenzene and then with ether. The aqueous layer was 
evaporated to dryness under vacuum. The dark hydrochlo
ride thus obtained was recrystallized from a mixture of 
methanol and ethyl acetate.

2,6-Dihydroxybenzaldehyde. A mixture of 3 g. of 3-car- 
bo.xy-2,6-dihydroxybenzaldehyde and 200 ml. of water was 
refluxed for about 4 hrs. The resulting solution was filtered 
and the clear filtrate repeatedly extracted with other. The 
ether extract was washed with a saturated solution of so
dium bicarbonate, and then with water. Evaporation of 
ether afforded the aldehyde, which was crystallized from 
water as 1.1 g. of pale yellow needles, m.p. 154°-155°.

Anal. Calcd. for C7H 60 3 : C, 60.9; H, 4 3. Found: C, 60.8; 
H, 4.2.

Anil of 3-carboxy-2-hydroxy-6-methoxybenzaldehyde. The 
anil of 3-carboxy-2-hydroxy-6-methoxybenzaldehyde was 
prepared according to the general method described by 
Weijlard et aid I t  was crystallized from alcohol in orange 
colored needles of m.p. 203-205° (dec.).

Anal. Calcd. for Ci6Hi3N 0 4 : N, 5.1. Found: N, 5.5.
Anil of 3-carboxy-2,5-dihydroxy-6-m?lhoxybenzaldehyde. 

The anil was crystallized from alcohol in red needles, of m.p. 
223-225° (dec.).

Anal. Calcd. for: CisH^NOs: N, 4.9. Found: 5.0.
S-Methoxycarbonyl-2,o,6-inmethoxybenzaldehyde. A mix

ture of 1 g. of 3-carboxy-2,5-dihydroxy-6-methoxybenzalde- 
hyde, 2 g. of anhydrous potassium carbonate, 2 ml. of di
methyl sulfate, and 55 ml. of dry acetone was gently re
fluxed for 12 hr. Filtration and removal of acetone left an 
oil which was washed with dilute sodium hydroxide and ex
tracted with ether. Evaporation of the ether gave 3-mcth- 
oxycarbonyl-2,5,6-trimethoxybenzaldehyde as an oil.

Its 2,4-dinilrophenylhydrazone crystallized from alcohol 
in tiny needles, m.p. 169°.

Anal. Calcd. for Ci8Hi8N40 9: N, 12.5. Found: 12.0.
Attempted hydrolysis of 3-methoxycarbonyl-2,5,6-trimeth- 

oxybenzaldehyde. One gram of 3-methoxycarbonyl-2,5,6- 
trimethoxybenzaldehyde and 50 ml. of 5% sodium car
bonate was heated on a water bath for 1 hr., when the oil 
slowly went into solution. On cooling, and acidification with 
hydrochloric acid, a pale yellow compound was obtained, 
which was crystallized from alcohol in needles, m.p. 225°.

I t  did not give a coloration with alcoholic ferric chloride 
solution, but dissolved in sodium bicarbonate; nor did it 
form a 2,4-dinitrophenylhydrazone or an “anil.”

Anal. Found: C, 58.1; 58.4; H, 5.4; 5.8.
No definite structure could be assigned to it from the 

analytical data.
I n s t i t u t e  o f  S c ie n c e

M a t o  R o a d

B o m b a y  1, I n d i a

S ynthesis o f 3-IndoIeacetam ides 1' 2

1. (>we l l  E. W e l l e r 3 a n d  H a r o l d  M. S e l l  

Received April 1, 1958

The enhancement of activity foi parthenocarpic 
fruit development in the tomato by changes in the

(1) Journal Article No. 2232 from the Michigan Agricul
tural Experiment Station, East Lansing.

ring structure and side chain of 3-indoleacetic acid4-5 
has prompted the preparation of several 3-indole- 
acetamides.

Various 3-indoleacetyl amino acids have been 
prepared by using the mixed anhydride procedure6-7 
and the carbodiimide method.8-10 The classical 
method of amide formation, Schotten-Baumann 
reaction, was not used by these investigators since 
this procedure is contingent upon the preparation 
of 3-indoleacetyl chloride. This was generally 
assumed not possible until reported by Shaw and 
Woolley.11 The Schotten-Baumann reaction has 
been used in this laboratory for the preparation 
of 3-indoleacetamides.

The properties of various 3-indoleacetamides are 
given in Table 1. All of the compounds exhibited 
ultraviolet absorption characteristic of the indole 
nucleus except the p-aminobenzoic acid derivative 
where the strong absorption of the A'-substituted 
p-aminobenzoic acid moiety masked completely 
the typical indole ultraviolet absorption (280 to 
300 mju).

EXPERIMENTAL

3-Indoleacetyl chloride.11 This compound was prepared in 
60-70% yields by the reaction of 3-indoleacetic acid with 
phosphorus pentachloride in anhydrous ether solution at 0°. 
The product was recrystallized from a mixture of ether and 
petroleum ether to yield colorless to pink crystals, m.p. 
68-70°, t.rinitrobenzene adduct12 m.p. 88°.

3-Indolcacetyl derivatives. 3-Indoleacetyl derivatives were 
synthesized by a method similar to the one used by Wood and 
Fontaine13 for the preparation of substituted phenoxyacetyl 
derivatives. The following description illustrates the general 
procedure for the synthesis of all of the amino acid deriv
atives of 3-indoleacetic acid.

Glycine (0.75 g., 0.01 mole) was dissolved in 30 ml. of N  
sodium hydroxide (0.03 mole) and the solution cooled in an 
ice bath to 0-5°. 3-Indoleacetyl chloride (1.93 g., 0.01 mole) 
was dissolved in 10 ml. of anhydrous ether, cooled to 0°, 
and added dropwise with efficient mechanical stirring to 
the alkaline glycine solution. After 0.5 hr. the ice bath was 
removed to permit the solution to reach room temperature, 
and stirring was continued for an additional hour. The 
alkaline mixture was then thoroughly extracted with ether, 
the aqueous fraction cooled to 0°, and acidified to pH 2 with 2 3 4 5 6 7 8 9 10 11 12 13

(2) This research was supported by the Horace H. Rack- 
ham Research Endowment.

(3) Department of Chemistry, Evansville College, 
Evansville, Ind.

(4) H. M. Sell, S. II. Wittwer, T. L. Rebstock, and C. T. 
Redemann, Plant Physiol., 28, 481 (1953).

(5) L. E. Weller, S. H. Wittwer, and H. M. Sell, J. Am. 
Chem. Soc., 77,4937 (1955).

(6) T. Wieland and G. Horlein, Ann., 591, 192 (1955).
(7) R. A. Boissonnas, Helv. Chim. Acta, 34, 874 (1951).
(8) N. E. Good, Can. J. Chem., 34, 1356 (1956).
(9) II. G. Khorana, Chem. and Ind. (London), 1088

(1955).
(10) J. C. Sheehan and G. P. Hess, J . Am. Chem. Soc , 77, 

1067(1955).
(11) E. Shaw and D. W. Woolley, ./. Biol. Chem., 203, 

979 (1953).
(12) T. L. Rebstock, L. E. Weller, and If. M. Sell, ./. 

Org. Chem., 21, 1515 (1956).
(13) J. W. Wood and T. D. Fontaine, J . Dry. Chem , 17 

891(1952).
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TABLE 1
Properties of 3-Indoleacetamides

3-Indoleacetamides Formula M.p. MV
Yield

%

Nitrogen
%

Caled. Found

Neutralization 
Equivalent 

Caled. Found

W-(3-Indoleacetyl)-glycine c 12h 12n 2o 3 86-87“ 17 1 2 . 1 1 2 . 1 232 232
N- (3-Indoleacetyl)-DL-isoleucine C16H20N2O3 1 0 2 34 9.7 9.9 288 290
A-(3-Indoleacetyl)-DL-methionine c 16h 18n 2o 3s 169-171d 19 9.1 9.2 306 302
N- (3-Indoleacetyl)-L-tryptophan C21H 19N 3 0 3 181-183 +  14.56 9 1 1 . 6 11.7 361 358
iV-(3-Indoleacetyl)-L-aspartic acid c „h 14n 2o 5 164.5d -4 .5 1 29 9.7 9.4 145 144
N- (3-Indoleacetyl)-L-glutamic acid C A e N A 162.5d -1 0 .5 7 2 0 9.3 9.3 151 152
N-(3-Indoleacetyl)-6-aminopurine c 16h 12n 6o 242-244 30 28.8 28.5
iV-(3-Indoleacetyl)-p-aminobenzoic

acid CJ7H 14N 2 0 3 253-255d 45 9.5 9.6 294 296
iV-(3-Indoleacetyl)-m-aminobenzoic

acid (JnHi4N203 246d 37 9.5 9.7 294 297

° Cf. reference 6 .

dilute phosphoric acid. After standing for 1 hr. in the cold, 
the precipitate was collected by filtration. The product was 
further purified by recrystallizations from water coupled 
with carbon decolorizations. The yield of the recrystallized 
product was 380 mg., m.p. 86-87°.

Those 3-indoleacetamides, which possessed limited water 
solubility, were recrystallized from dilute ethanol or ethanol 
alone (adenine derivative). The yield of the recrystallized 
products was usually 25-30%.

D epartment of Agricultural Chemistry 
Michigan State University 
E ast Lansing, M ich.

Structural Studies o f th e Isoxim es o f W eygand  
and Bauer

R. Percy Barnes and F rancis E. Chigbo1 

Received April 7, 1958

The infrared and ultraviolet spectra of the isox
imes of Weygand and Bauer indicate that these 
substances are represented best as the more stable 
of the configurational isomers of the oximes. 
Chemical evidence points to facile rearrangement of 
the more stable isomers to the less stable forms 
which undergo ring closure with formation of 
isoxazoles.

Weygand and Bauer2 reported that on treating 
the “A-ether” (I) and the “B-ether” (II) with hy- 
droxylamine, they isolated compounds I II  and IV, 
respectively, which they called isoxime A and isox- 
ime B. They showed that they obtained isoxa
zoles V and VI when they treated the isoximes with 
acids.

(1) In partial fulfillment of the requirements for the
lVTfiifpr'c! rlpcrpp

(2) C. Weygand and E. Bauer, Ann., 459, 123 (1927).

p-CHsO—c 6h 4—c = c h —c — c 6h 6 

¿ c h 3 0

I
C 6H 6—C = C H —C—Cení—OCH3-p

o c h 3 o
II

p -c h 3—o —c 6h 4—c = c h —c —c 6h 6

I II
N HO H  O

I II

C 6H 5C = C H —C—CeH,—OCHa-p

NHOH O
IV

p -c h 3—o — c «h 4—c —c h = c —c 6h 6

N — ------O
V

C A n -  C— CH—C—COL—OCHa-p

VI

I t  is common knowledge that /3-diketones yield 
isoxazoles when treated with hydroxylamine. 
B latt3 showed that methoxyamine hydrochloride, 
in contrast to the free base, adds to the ketonic 
carbonyl group. Barnes and Pinkney4 showed that 
the free base, hydroxylamine, adds 1,4 to a,13- 
unsaturated ketones, and that in isoxazoline for
mation, nitrogen is found on the carbon atoms that 
was previously the carbonyl carbon. B latt3 showed 
that acetylenic ketones also add the free base, 
methoxyamine.

We believe that the structural formula I II  and 
IV should be designated as oximes with the fol
lowing configurational formulas VII and VIII, and 
that these anti forms, on acidification, rearrange to 
the syn forms which then enolize and undergo

(3) A. H. Blatt, J . Am. Chem. Soc., 61, 3495 (1939).
(4) R. P. Barnes, G. Pinkney, and G. Phillips, J. Am. 

Chem. Soc., 76, 276 (1954).
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ring closure with the formation of isoxazoles V and
VI.

Below are listed several ketones and their 
infrared and ultraviolet bands.

P-CH3O— C6H 4— C— CH2—C—c 6h 5

HON (*)
V II

C6H 6—C— CH2— C—C6H 4—OCH3-p
II II

HO—N O
V III

We have investigated the isoximes of Weygand 
and Bauer and have concluded that they are 
actually oximes. We believe that oximes VII and 
VIII are formed by 1,4-addition of hydroxylamine 
to ethers I and II with the elimination of methanol. 
These isoximes do not yield to ozonization.

p-Methoxybenzalacetophenone5 and benzal-p- 
methoxyacetophenone6 were converted into their 
respective isoxazolines IX and X by treatment with 
hydroxylamine in aqueous alcoholic solution in the 
presence of potassium hydroxide. These isox
azolines IX and X upon. oxidation with chromic 
acid yielded the expected isoxazoles VI and V, 
respectively.
p -CH30 —CeW— CH CH2—C—c 6h 5

I II
O--------- N
IX

C6H5— CH—CH2—C—C6H 4OCH3-p

X

We examined the infrared and ultraviolet spectra7 
of the isoximes. Recently, G. W. Perold8 et al. 
observed no infrared absorption band in the N—H 
stretching region around 3300 cm.” 1 and on this 
basis assigned structure XI to isoxazoles rather than 
XII or XIII.

_ c /
l \ \ > = C ' /

\
> C - c 7 "

, / <

1 1 /  
/ N  C <

H /  \ 0 / X

7 1
,N

IW \

II
9\( V

X I X II X III

We also examined infrared absorption spectra 
for several compounds in the range 5.88-6.00 n 
and around 3300 cm.” 1 In the 5.88-6.00 n region 
we observed no absorption band for the isoximes 
of Weygand and Bauer. This region has been 
assigned to a,|8-unsaturated ketones.9 10

(5) F. J. Pond and A. S. Shoffstail, J. Am. Chem. Soc., 
22,666(1900).

(6) H. Staudinger and N. Kon, Ann., 384,123 (1911).
(7) Infrared and ultraviolet spectra were measured by- 

Messrs. J. E. Stewart and J. H. Gould of the National 
Bureau of Standards, Dept, of Commerce, Washington, 
D .C .

(8) G. W. Perold et al., J . Am. Chem. Soc., 79, 463 
(1957).

(9) H. Gilman, Organic Chemistry, vol. 3, John Wiley 
& Sons, Inc., New York, p. 146.

3500- 5.88-
Compound 3200 cm. 1 6.00 ,

Isoxime A, III 3330
Isoxime B, IV 3300
.V-methyl ether of isoxime A, XIV
II (s)
Mes C C CH2

Il II
- C 6H6(s)“

3580 6.01

0  N 3300 5.92

OH , XV
Mes—C—C------CH,------C6H5(s)10

il II 3320
O N  Not developed

O—CO
Mes—C—CH2—CH,—C6H6(Z)10 3400 5.85

II
O

s = Nujol mull. I = liquid

U l t r a v i o l e t  D a t a

Compound Absorption Band, M/x E mSi

Isoxime A, I II  270 1.92 X 104
Isoxime B, IV 260 1.50 X 104

XV 235

The infrared absorption in the region 5.88-6.00 ¡i 
(1700-1665 cm.-1)9 shows that compound II has a 
band at 6.01 /x, corresponding to a,/3-unsaturated 
ketones. We obtained no absorption in this region 
for isoximes III and IV. This indicates that their 
structures could not be as represented.

We note that Perold8 assigned an absorption band 
at 3300 cm.” 1 to N—H stretching. It is interesting 
to note that while the A7-methyl ether of isoxime 
A, XIV, does not have an absorption band in this 
region, isoximes III and IV do.

Comparing the isoxime structures III and IV and 
the proposed configurational oxime formulas VII 
and VIII with the oxime structure XV, we find 
that isoximes III and IV and oxime XV all absorb 
in the range 3300-3340 cm.“1 This band cannot 
be assigned to N—PI stretching since the reference 
oxime XV does not have an N—-H linkage. Instead, 
this band should be assigned to OH absorption. 
Hence the isoximes seem to be represented best 
as the configurational oximes VII and VIII. This 
is further confirmed by the fact that the W-methyl 
ether of isoxime A, XIV, showed no absorption 
in this region. And so the W-methyl ether of isoxime 
A is

p -c iu o —c 6h 4—c —c h 2- - c —c 6h 5
II

CH3ON
XIV

o

(10) R. P. Barnes, J. Am. Chem. Soc., 57, 937 (1935)
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Ferguson and Barnes11 reported that ultraviolet 
absorption in conjugated systems involving a,¡3- 
unsaturated carbonyl compounds ranges above 
319 mfi, whereas these isoximes absorb at 260 and 
270 npi. This does not lend support to the isoxime 
structures.

EX PE R IM E N T A L

Preparation of isoxazolines IX  and X. 3-phenyl-5-anisyl- 
isoxazoline (IX) and 3-anisyl-5-phenylisoxazoliné (X) were 
prepared according to B latt12 and Barnes13 by treating p- 
methoxybenzalacetophenone and benzal-p-methoxyaceto- 
phenone, respectively, with excess hydroxylamine in alco
holic potassium hydroxide.

M.P.,
° C. Color Analysis

IX  101-102° White Calcd. for C16H,6N02: C, 75.88; H,
5.92. Found: C, 75.85; H, 6.00.

X 96° White Calcd. for C,6H15N 02: C. 75.88; H,
5.92. Found: C, 75.83; H, 6.02

Preparation of isoxazoles V and VI. Chromic acid oxida
tion12,13 of isoxazolines IX  and X yielded isoxazoles VI and 
V, respectively, identified by mixture melting points with 
samples obtained by acidification of isoximes IV and III.

Treatment of isoximes with ozone. Prolonged treatment of 
alcoholic solutions of isoximes III and IV gave no cleavage 
products. The isoximes were recovered unchanged.

D e p a r t m e n t  o f  C h e m i s t r y  

H o w a r d  U n i v e r s i t y  

W a s h i n g t o n , D .  C .

(11) L. N. Ferguson and It. P. Barnes, J. Am. Chem. 
Soc., 70, 3907 (1948).

(12) A. H. Blatt, J. Am. Chem. Soc., 53, 1140 (1931).
(13) R. P. Barnes, G. Pinkney, and G. McK. Phillips, 

J. Am. Chem.. Soc., 76, 276 (1954).

Thiol A ddition o f  Thiourea in  H eterocyclic  
R ing F orm ation: Preparation o f  5-E thyl-6- 

p h en yl-m eta- th iazane-2,4-d ione

R o b e r t  G. T a b o r s k y

Received April 8, 1958

Thiourea has been made to undergo a thiol-type 
addition to a monobasic, a,/?-unsaturated acid and 
to its ethyl ester. A simultaneous condensation 
between the carboxyl group of-the acid and the 
amine group of thiourea has resulted in the forma
tion of a derivative of the six-membered, sulfur 
containing heterocycles the meia-thiazanes.

Several reactions of thiourea that have been 
previously observed by other workers indicate that 
in some instances the thiol tautomer is the pre
dominant reacting species. Thus, upon alkylating 
thiourea with hydrocarbon halides or with alkyl 
sulfates, 5-alkyl- and 5-arylthiouronium salts

are formed.1 Oxidation of thiourea in acid solution 
leads to the formation of dithiodiformamidine.2
Andreasch3 has reacted thiourea with maleic or 
fumaric acid to give I and with citraconic to give II 
(Fig. 1). These reactions were carried out by heat-

COOH COOH

c h 2 CH3—CH

HC—S—C = N H HC—S—C = N H
1 !

C------- N il
II

1 1 
C NH
hII

0
II
O

I Figure 1 II

ing a fused mixture of the reactants either dry or 
with a small amount of water. The products ob
tained indicate that both a thiol addition of the 
thiourea to the unsaturated acid and a condensa
tion, involving the elimination of water from the 
carboxyl group and from the amine group of the 
thiourea, occur. Attempts to repeat this reaction 
with such monobasic, unsaturated acids as oleic, 
crotonic, cinnamic, 2-phenyl-3-methylacrylic, and 
methacrylic were not successful. Either polymeric 
products were obtained or else amine addition by 
the thiourea occurred forming thiopyrimidines.3-4 
Thus with cinnamic acid, 4-phenyl-2-thio-6-keto- 
pyrimidine was obtained.4 However, a thiol ad
dition reaction between thiourea and acrylic 
acid has been accomplished by hydrogen chloride 
catalysis in alcohol to give 5-(/3-carboxyethyl)- 
isothiouronium hydrochloride5 without accom
panying cyclization.

In the present work, a sulfuric acid solution of 
thiourea was treated with the a,/3-unsaturated acid 
(rans-a-ethvlcinnamic acid, and with its ethyl 
ester, and in both cases the same meto-thiazane 
derivative was obtained. This product which no 
longer contains unsaturation can only arise from a 
reaction where the thiol tautomer of thiourea adds to 
the unsaturated system, since the sulfur is part of the 
heterocyclic ring. The possible sequences of reactions 
which would result in such a product are shown in Fig. 
2. Both the addition and the condensation reaction 
occur under the same conditions. Upon running the 
above reaction for shorter times and using the same

(1) (a) G. G. Urquhart, J. W. Gates, and R. Connor, 
Org. Syntheses, 21, 36 (1941); (b) A. I. Vogel, J. Chem. Soc., 
1822 (1948); (e) H. J. Backer and N. D. Dijkstra, Rec. trav. 
chim., 51, 290 (1932); (d) J. T. Hackmann and R. Berken- 
bosch, Rec. trav. chim., 68, 752 (1949); (e) F. Arndt, Ber., 
54, 2236 (1C21); (f) H. J. Backer, Rec. trav. chim., 54, 216 
(1935).

(2) J. Boeseken, Rec. trav. chim., 55, 1040 (1936).
(3) R. Andreasch, Monatsh. 16, 789 (1895); 18, 56 (1897).
(4) H. Erlenmeyer and F. Heitz, Helv. Chim. Acta, 25, 

832(1942).
(5) (a) E. H. Behringer and P. Zillikens, German Patent- 

Anm. B. 16741 (1951); (b) O. Bayer, Angew. Chem., 61, 
236 (1949); (c) J. Houben, Methoden der Organischen Chemie, 
vol. IX, G. Thiele, Leipzig, Germany, 1955, p. 902.
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isolation procedures used throughout in this work, 
no other compounds than the raeta-thiazane deriva
tive have been isolated. Therefore, no information 
is available on the comparative rates o: the con
densation and addition reactions. I ll, an imine 
sulfate could not be isolated because of its solubility- 
in concentrated and dilute sulfuric acid. Therefore, 
it was converted to the mefa-thiazane-2,4-dione
(IV), by acid hydrolysis which was then readily 
isolated in a 51.5 % yield.

5-Ethyl-6-phenyl-meta-thiazane-2 4-dione (IV) 
had been previously prepared from thiourea and 2- 
ethyl-3-bromo-3-phenylpropionic acid.6 That re
action was repeated in the present work to obtain 
a 35% yield of the dione. In that reaction, the imine 
salt analogous to III was obtained and also con
verted to IV by acid hydrolysis. The methods of 
preparation of a number of other substituted meta- 
thiazane-2,4-diones are given in the above reference. 
Langlet,7 8 in considerably older literature, describes 
the preparation of a number of 2-imino-4-oxo- 
meto-thiazanes by the reaction of thiourea and N- 
substituted thioureas with d-iodopropionic acid. 
This same worker also prepared a number of sub
stituted raeta-thiazane-2,4-diones by reaction of N- 
substituted thiocarbamates with ,3-iodopropionic 
acid.7

EX PE R IM E N T A L

trans-a-Ethylcinnamic acid was prepared by the Perkin 
reaction; however earlier methods of preparation were 
modified by using potassium carbonate as catalyst and by 
simplification of the isolation and purification procedures. 
A mixture of 272.0 g. (2.55 mole) of benzaldehyde, 508 g. 
(3.2 mole) of butyric anhydride, and 178.0 g. (1.3 mole) of 
anhydrous potassium carbonate was stirred and gradually 
heated to 140°. At this temperature an exothermic reaction 
occurred, causing considerable foam formation accompanied

by a rapid temperature rise. The foaming was controlled 
by occasionally cooling the reaction flask in cold water. 
Alter reheating and cooling the reaction mixture three times, 
it was heated to 180°. After heating at this temperature for 
20 hr., the mixture was poured with stirring into 1900 ml. of 
water containing 454.0 g. of sodium carbonate. After allow
ing this mixture to stand for 30 min., the dark oil tha t sepa
rated from the aqueous phase was discarded. The product 
was precipitated from the aqueous phase by the addition 
of 110.0 ml. of concentrated sulfuric acid with vigorous 
stirring, bringing the pH to 5.0. The mixture was stirred for 
30 min. and the precipitate was removed by vacuum filtra
tion. The'filter cake was washed three times with water 
and then dried a t 70° for 16 hr. to give 225.3 g. (50.2%) of 
fraras-a-ethylcinnamie acid, m.p. 103-104° (lit.8b m.p. 104°).

Ethyl trans-a-ethylcinnamate was prepared by the Claisen 
reaction from benzaldehyde and ethyl butyrate.80

Authentic 5-ethyl-6-phenyl-mela-thiazane-2,4-dione was pre
pared according to the method of Wheeler and Gash6 from 
thiourea and 2-ethyl-3-bromo-3-phenylpropionic acid. Upon 
recrystallization from alcohol this material melted a t 160- 
162° [lit.6 m.p. (of unrecrystallized material) 153-155°] 
and was obtained in a 35% yield.

Reaction of thiourea with trans-a-ethylcinnamic acid. Two 
hundred and sixteen g. (2.8 mole) of thiourea was dissolved, 
with stirring and cooling, into one liter of 100% technical 
sulfuric acid, keeping the temperature below 55°. To the 
mixture, with mechanical stirring, was added 250.0 g. (1.4 
mole) of frans-a-ethylcinnamic acid, then heating and stir
ring the mixture at 52-55° for 16 hr. The mixture was 
poured into 6.0 liters of water and the water solution re
fluxed for 16 hr. The solution was then cooled to 70° and 750 
ml. of benzene was added. The mixture was then vigorously 
stirred for 5 min. and allowed to separate into two phases. 
The benzene layer was separated and filtered and its vol
ume reduced to one-half on a steam bath. Upon cooling the 
residual benzene solution at room temperature, 170 g. 
(51.5% yield) of 5-ethyl-6-phenyl-mefa-thiazane-2,4-dione, 
m.p. 155-158° (lit.6 m.p. 153-155°) was obtained after 
vacuum filtering and drying the crystals for 4 hr. a t 100°. 
The solid obtained above was dissolved into 800 ml. of boil
ing ethanol, the solution filtered and the volume reduced 
to one half. On cooling at room temperature for 16 hr., 155 
g. of the dione, m.p. 162-163° was obtained.

Anal. Calcd. for C12H,30 2NS: C, 61.25; H, 5.57. Found: 
C, 61.33; H, 5.50.

Admixture of this product with an authentic sample of 
5-ethyl-6-phenyl-mefa-thiazane-2,4-dione caused no de
pression of its melting point.

Reaction of thiourea with ethyl trans-a-ethylcinnamate. 
Ten and seven tenths g. (0.14 mole) of thiourea was dissolved 
into 75 ml. of concentrated sulfuric acid, with stirring and 
cooling, keeping the temperature below 55°. To this solu
tion, with stirring, was added 14.3 g. (0.07 mole) of ethyl 
irans-a-ethyleinnamate. The mixture was heated at 52° for 
7 hr. and then poured into 300 ml. of water. The water mix
ture was refluxed for 16 hr. and then cooled for 16 hr. a t 5°. 
An amorphous lump which settled out of solution was dis
solved into 35 ml. of boiling alcohol. The resultant solu
tion was filtered and cooled at 5° for 16 hr. From two 
crops, there was obtained 5.1 g. (31.0% yield) of 5-ethyl-6- 
phenyl-wiefa-thiazane-2,4-dione, m.p. 157-159° (lit.6 m.p. 
153-155°). Admixture of this material with an authentic 
sample of the dione and with the dione prepared from 
thiourea and trans-a-ethylcinnamic acid (above) caused no 
depression of its melting point.

B e n  V e n u e  L a b o r a t o r i e s , I n c .

B e d f o r d , O h i o

(6) K. W. Wheeler and V. W. Gash, U. S. Patent 2,585,- 
064, Example II (1952).

(7) N. A. Langlet, Ber. 24, 3851 (1891); Over. Svens ha 
Vetenskaps-Akad. Fork., 166, 306 (1892'; 376 (1894); 37
(1895), Beilstein, XXVII, 246.

(8) (a) W. H. Perkin, J. Chem. Soc. 31, 393 (1877); (b) 
It. Fittig and F. L. Slocum, Ann. 227, 53 (1885); (c) L. Clai
sen, Ber. 23, 978 (1890); (d) A. Michael, Ber. 34, 928 (1901 );
(e) E. Alber and F. Fichter, ./. prahl. Chem. (2), 74, 337 
(1906); (f) T. Posner, J. prakt. Chem.. (2) 82, 436 (1910).
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n a p h th en o n e- 1 , 1 -dioxides

W a f i a  A s k e r , A h m e d  F a t h y  A b d e l  M a w g o u d  S h a l a b y , 
a n d

S a l a h  M o h a m e d  A b d e l  D a y e m  Z a y e d  
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In conjunction with the study of the pharmaco
logical action of sulfur-containing compounds,1 
we now have found that the addition products 
(Ila-b) are obtained upon treatment of xantho- 
toxin (la) with thiophenol and p-thiocresol, 
respectively, in the presence of piperidine. Struc
ture II is assigned for the sulfides.1 The unreac-

SAr

la, R =  0CIJ.3, R ' = H Ha, Ar = C6H6 b,
b, R =  OCH2C H =C (C H 3)2, R ' =  H Ar =  C6H4OH3-p
c, R =  H, R ' =  OCHs
d, R = OH, R ' = CH2C H =C (C H 3)2

tivity of the unsaturated system in the furan ring 
in la  may be deduced from the unreactivity of cou- 
marilic acid and/or its methyl ester toward the 
action of thiophenol (c/. Experimental).

Treatment of bergapten (Ic) and imperation 
(lb) with thiophenol under given experimental 
conditions results in the recovery of unchanged Ic 
and the formation of alloimperation (Id).2 3 4 5

Khellin (Ilia) and visnagin (Illb) undergo 
déméthylation by the action of thiophenol and/or 
p-thiocresol under the described experimental 
conditions to give IIIc3-5 and Hid, respectively.

n ia ,  R = R ' =  OCHa
b, R ' =  H, R =  OCHs
c, R = OH, R ' =  OCHs
d, R  = OH, R ' =  H

Parallel experiments with phenol results in re
covery of the unchanged Ilia. We believe that; de-

(1) A. Mustafa, M. Kamel, M. A. Allam, A. H. E. 
Harhash, and A. E. A. A. Hassan, J . Am. Chem. Soc., 78, 
5011 (1956).

(2) E. Spath and H. Holzen, Ber., 68B, 1123 (1935).
(3) Mukerjee and T. R. Seshadri, Proc. Indian. Acad. Sci., 

35A, 323 (1952).
(4) H. Abu-Shadi and T. O. Soine, J. Am. Pharm. 

Assoc., Sci. Ed., 41, 325 (1952).
(5) A. Schonberg and G. Aziz, J. Am. Chem. Soc., 75,

3265 (1953).

méthylation is to be connected with the methoxyl 
group in position 5, since IIIc is insoluble in alkali 
and is stable toward ethereal diazomethane.6'6 
Méthylation of IIIc with diazomethane in the 
presence of methyl alcohol regenerates7 Ilia.

Aromatic thiols now have been found to add to 
the double bond at position 2, which is conjugated 
with the unsaturated group in the newly prepared 
2-aralkylidene-3 (2 H) - thianaphthenone -1,1- dioxide 
[prepared from the condensation of 3(2//)-thi- 
anaphthenone-1,1-dioxide (IV) with benzaldehyde] 
(V cf. Table I) in the absence of catalyst to yield the 
colorless thiol adducts8 (cf. Table II), believed to 
have structure VI and not VII. Compound VIb, for 
example, dissolves in cold sodium hydroxide solu
tion to give a yellow solution and is regenerated 
upon neutralization. I t is decomposed when heated 
above its melting point to give Vb. The ease of 
removal of the addend indicates that the substance 
is the result of simple addition and that no un
expected reaction has occurred. Attempts to oxi
dize VIb with hydrogen peroxide in glacial acetic 
acid on ^he water bath also led to the formation of 
Vb.9

IV V
a, R = R ' = R" =  H; Ar =  CeHs
b, R =  CH3, R ' = R'' = H, Ar = C6H6
c, R = R" = H, R ' = CH3, Ar =  C6H5
d, R = R ' =  H, R" =  CH3, Ar = C6H6
e, R = R ' =  H, R" = Cl, Ar = CeHs
f, R = R ' = R" =  H, Ar = C6H4OCH3-p

E X P E R IM E N T A L

Thiol adducts: General procedure. A mixture of 0.5 g. of the 
substance under investigation, 0.5 g. of the aromatic thiol, 
and a few drops of freshly distilled piperidine was warmed 
on a steam bath for 10 hr. in the case of la . In the case of 
Vb-f, the reaction mixture was heated at the stated tem
perature {cf. Table II)  for 3 hr. in the absence of a catalyst.

(6) The failure of phenolic hydroxyl group ortho or peri 
to a carbonyl group to  react with diazomethane under 
normal conditions is a well-known example and this is of 
diagnostic value in establishing the structure of hydroxy- 
flavones, -xanthones, etc. [cf. V. C. Farmer, N. F. Hays, and 
R. H. Thomson, / .  Chem. Soc., 3600 (1956)].

(7) A. Schonberg and A. Mustafa, / .  Chem. Soc., 746 
(1946).

(8) A. Mustafa and S. M. A. D. Zayed, J. Am. Chem. 
.Soc., 79, 3500 (1957).

(9) w-p-Dimtrostyrene thiol adducts behave similarly 
when heated with hydrogen peroxide under the same condi
tions [cf. A. Mustafa, A. H. E. Harhash, and M. Kamel, ./. 
A m . Chem. Soc., 77, 3860 (1955)].
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TABLE I
2-A r a l k y l id e n e - 3 (2 I / ) - t h ia n a p h t h e n o n e -1 ,1 -d io x td es  (V)

Aryli-
dene

Deriv.“

Reac
tion

Temp.,
°C.

Solvent
for

Crvst.

Analysis
M.P.,
°C.i’

Yield,
% Formula

Carbon
Calcd. Found

Hydrogen 
Calcd. Found

Sulfur
Calcd. Found

Vb 150 209 92 A
(Pale

yellow)

c 16h 12o 3s 67.61 67.54 4.23 4.02 11.27 11.10

Vc 160 210 78 A
(Pink)

c 18h 12o3s 67.61 67.38 4.23 4.13 11.27 11.21

Vd 160 158 75 B
(Pale

yellow)

CI6II120 3S 67.61 67.51 4.23 4.00 11.27 11.19

Ve 170 216 85 A
(Brownish)

Ci5H 9C103Sc 59.11 58.93 2.95 3.00 10.51 10.29

Vf 150 165 71 B
(Yellow)

c 16h 12o 4s 64.00 63.89 4.00 3.85 10.67 10.36

a For the method of preparation, cf. A. Mustafa, S.M.A.D. Zayed (ref. 8 ).6 All melting points are uncorrected. A, Acetic 
acid; B, ethyl alcohol. c Calcd.: Cl, 11.67. Found: 11.34.

The cooled reaction mixture was washed with light petro
leum (b.p. 46-60°) and the resulting solid was crystallized 
from the proper solvent.

H a formed colorless crystals from ethyl alcohol, m.p. 
132°, in ca. 80% yield.

Anal. Calcd. for C^H^ChS: C, 66.46; H, 4.00; S, 9.84. 
Found: C, 66.12; H, 4.00: S, 10.02.

I t  is soluble in hot benzene, but difficultly soluble in light 
petroleum and gives yellowish green color with concentrated 
sulfuric acid.

lib  formed colorless crystals from ethyl alcohol, m.p. 
136°, in ca. 72% yield.

Anal. Calcd. for C;sHi50 4S: C, 67.25; H, 4.42; S, 9.43. 
Found: C, 67.00; H, 4.49; S, 9.11.

I t  is soluble in hot benzene and gives an orange-yellow 
color with concentrated sulfuric acid.

I la  and l ib  are insoluble in cold aqueous sodium hy
droxide solution (10%), their alcoholic solutions give no 
color with ferric chloride, and are stable under normal condi
tions.

The thiol adducts (VI), listed in Table II, are colorless, 
soluble in hot benzene, but are difficultly soluble in ether, 
ethyl alcohol and in glacial acetic acid.

Action of potassium hydroxide on Ila. The thiol adduct (1 
g.) was refluxed with 100 ml. of alcoholic potassium hy
droxide solution (4%) for 4 hr. The cooled reaction mixture 
was poured into ice cold water, acidified with hydrochloric 
acid, and extracted with ether. The ethereal solution gave, on 
shaking with lead acetate solution, yellow crystals (ca. 
0.25 g.) of the lead salt of thiophenol (melting point and 
mixed melting point10).

The ethereal solution, after thorough washing with water 
and drying, gave on evaporation a colorless solid (ca. 0.5 g.) 
which was identified as Ta (melting point ana mixed melting 
point).

Thermal decomposition of VI (R  = CH», R ' = R" =  H, 
Ar = A r‘ = C6HS). The thiol adduct (0.2 g.) was heated in a 
dry test tube a t 140° (bath temperature) for 20 min. The 
cooled reaction mixture was crystallized from ethyl alcohol 
and identified as Vb (melting point and mixed melting 
point).

Action of thiophenol on lb. A mixture of equimolecular 
amounts of lb  and thiophenol and few drops of piperidene 
was heated in an oil bath at (155-160°) for 3 hr. The cooled 
reaction mixture was washed with light petroleum (b.p. 40- 
60°) and the resulting solid was crystallized from benzene as

(10) B. H. Nicolet, J . Am. Chem. Soc., 53, 3066 (1931).

colorless crystals of Id, m.p. 233°, not depressed when 
mixed with an authentic sample of Id ;2 yield, ca. 85%.

Anal. Calcd. for Ci6H 14 0 4 ; C, 71.11; H, 5.18. Found: C, 
71.23; H, 5.09.

I t  is soluble in hot benzene and in aqueous sodium hy
droxide solution (10%). Id is recovered unchanged when 
heated with thiophenol at 160°.

Attempted action of thiophenol on hergapten, coumarilic 
acid, and its methyl ester. A mixture of 0.5 g. of each of the 
above mentioned compounds, one gram of thiophenol, and 
few drops of piperidine was heated at 100° for 10 hr. When 
the reaction mixtures were worked up, the starting materials 
were recovered essentially unchanged (melting point and 
mixed melting point determinations).

Repeating the experiments a t 140° for the same time 
period res ilted in the recovery of the unchanged materials.

Demethylation effected with aromatic thiols, (a) Partial de- 
methylation of I lia . A mixture of 1 g. of I lia , 2 g. of thio
phenol, and a few drops of freshly distilled piperidine was 
heated a t 100°. After 10 min. heating, the color of the reac
tion mixture changed to yellow and then heating was con
tinued for 3 hrs. The cooled reaction mixture was washed 
with petroleum ether (b.p. 60-80°) and the residual solid 
was crystallized from ethyl alcohol as yellow crystals of 
IIIc m.p. 204°, not depressed when admixed with an authen
tic sample of IIIc; yield ca. 0.8 g.

Anal. Calcd. for Ci3H,0O5: C, 63.41; H, 4.06. Found: C, 
63.35; H, 4.11.

I t  is insoluble in aqueous sodium hydroxide solution 
(10%) and its alcoholic solution gives with aqueous ferric 
chloride a deep green color.

Treatment of I l ia  with p-thiocresol as mentioned above 
led to the formation of 0.75 g. of IIIc.

(b) Visnagin (111 b). The procedure was the same as in the 
case of I l ia  and thiophenol. H id  was obtained, m.p. 155°. 
I t  is insoluble in sodium hydroxide solution.

Anal. Calcd. for Ci2H 8 0 4 : C, 66.66; H, 3.70. Found: C, 
66.58; H, 3.70.

Action of ethereal diazomethane on IIIc. To a suspension of 
0.5 g. of IIIc in 30 mi. of dry ether and 2 ml. of methanol was 
added an ethereal solution of diazomethane (prepared from 
4 g. of nitrosomethylurea). The cooled reaction mixture was 
kept aside in the ice chest for 24 hi., and then treated with 
another amount of freshly prepared ethereal diazomethane 
solution (from 4 g. of nitrosomethylurea). Then, it was left 
for 48 hr. a t 0°. The solid, so obtained, was collected and 
the ethereal solution was allowed to evaporate slowly, 
whereas another crop of colorless crystals was obtained. 
The whole was crystallized from dilute methanol as color-
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less crystals, m.p. 153° and identified as I l ia  (melting point 
and mixed melting point).

Department of Chemistry 
F aculty of Science 
Cairo University 
Giza, Cairo, E gypt

Studies on 3-Acylcatechols

W. I. Awad, M. F. E l-Neweihy, and S. F. Selim 

Received March 3, 1958

The methods available for the preparation of 
3-acylcatechols, which are needed as starting 
materials in our work, are very limited. The most 
reliable method is that described by Krannich- 
feldt1 for 2,3-dihydroxyacetophenone (IV, R = 
CH3) according to the following scheme I-IV.

OCH3

f^S pO C H a R.Mg.X 
& hydrolysis

I

o c h 3

f^S p O C H a
U ^>-C H (O H )R

II

OCH3

III

Déméthylation

We have prepared 2,3-dihydroxypropiophenone 
(IV, R = C2H8) and 2,3-dihydroxybutyrophenone 
(IV, R =  ti-C3H7) according to the above scheme. 
These compounds are pale yellow in color, and give 
a green color with ferric chloride that changes to 
red by the addition of sodium carbonate solution, 
a characteristic color test for catechols.2’3

Miller, Hartung, Rock, and Crossley4 referred 
to 2,3-dihydroxypropiophenone (IV, R = C2H6) 
as a by-product of the Fries rearrangement of the 
corresponding catechol diester. The melting point 
(102.5-103.5°) as reported by these authors4 does 
not correspond to the melting point (53°) of the 
product which we have obtained. The position of 
the substituents in our products which are pre
pared by an orthodox method cannot be questioned. 
This leads us to doubt the correctness of the 
structure given to the by-product obtained by 
Miller et al.i

(1) H. V. Krannichfeldt, Ber., 46, 4017, 4018 (1913).
(2) Compare Paul Karrer, Organic Chemistry, Fourth 

English Edition, Elsevier Publ. Co., Inc., New York, N. Y., 
p .  4 3 5 .

(3) A. Schönberg, W. I. Awad and G. A. Mousa, J. Am. 
Chem.. Soc., 7 7 , 3 8 5 0 ( 1 9 5 5 ) .

(4) Ellis Miller, Walter H. Hartung, Henry J. Rock, and 
Frank S. Crossley, J . Am. Chem. Soc., 60, 7 (1938).
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On repeating the experiment described for the 
Fries rearrangement of catechol dipropionate, we 
were able to isolate a lower boiling fraction (at 
approximately the same temperature described in 
reference 4) and which possessed the same melting 
point (104-105°) as described by these authors. 
This product proved to be catechol by melting 
point and mixture melting point determinations. 
I t is to be noticed that no analytical figures are 
given for this compound.4

E X P E R IM E N T A L 5

Preparation of 2,3-dihydroxypropiophenone (IV, It = 
C2H 5 ). (a) Action of ethylmagnesium iodide on 2,8-dimethoxy- 
benzaldehyde. A solution of the aldehyde (I) (5 g.) in anhy
drous ether was added dropwise to the ethylmagnesium 
iodide (from 6.5 g. ethyl iodide and 0.9 g. magnesium) while 
cooling in ice. When the addition was complete the reaction 
mixture was refluxed for 1  hr. and left to stand, a t room 
temperature, overnight. After decomposition with dilute 
acetic acid and ice, the ethereal layer was shaken with so
dium bisulfite solution and then with water. I t  was then 
dried (Na2S0 4 ), the ether driven off, and the remaining oil 
distilled to give II  (R =  C2H5) as a colorless liquid, b.p. 108- 
110°/2 mm., yield 3.9 g.

(6 ) Preparation of 2,3-dimethoxypropiophenone. The pre
viously described carbinol (3.5 g.) was added to a mixture 
of potassium dichromate (7 g.), water (35 ml.), and concen
trated sulfuric acid (3.2 g.). The reaction mixture was im
mediately steam-distilled, and the distillate was extracted 
with ether, dried (Na^SO-i), and then the ether was driven 
off. I l l  (R =  C2H 5 ) was obtained as a colorless oil b.p. 114°/2 
mm. yield 2.48 g.

The 2,4-dinitrophenylhydrazone derivative was crystallized 
from ethyl acetate in reddish brown crystals m.p. 219°.

Anal. Calcd. for CnHi806N4: N, 14.97. Found: N, 15.20.
The semicarbazone was crystallized from methyl alcohol 

in colorless crystals m.p. 188°.
Anal. Calcd. for CisHnNsCh; C, 57.35; H, 6 .8 ; N, 16.7. 

Found: C, 57.39; H, 6 .8 ; N, 16.56.
(c) Demethylation of 2,3-dimethoxypropiophenone (III, 

R =  C2H 5 ). The previously described ketone (III, R =  
C2H 5 ) (2.8 g.) was refluxed with hydriodic acid (sp. gr. 1.96) 
( 1 1  g.) and an equal volume of glacial acetic acid for 6  hr. 
The reaction mixture was then poured onto ice and left over
night. The precipitated product was filtered off, dissolved 
in benzene, and the dark solution treated with charcoal. 
To the filtrate after concentration, a few drops of petroleum 
ether (40-60°) were added, whereby 2,3-dihydroxypropio- 
phenone separated out. I t  was recrystallized from petro
leum ether (40-60°) in pale yellow crystals, m.p. 53°, yield 
41%. I t  gave a green color with alcoholic ferric chloride 
solution which changed to red on the addition of sodium 
carbonate solution.

Anal. Calcd. for C 9H 10O3: C, 65.1; H, 6.1. Found: C, 
65.7; H, 6.2.

The 2,4-dinitrophenylhydrazone derivative was crystal
lized from ethyl acetate m.p. 229°.

Anal. Calcd. for CIEH1406N4: N, 16.2. Found: N, 15.7.
Preparation of 2,3-dihydroxybutyrophenone (IV, R = 

n-C3H7). (i). Action of propylmagnesium iodide on 2,3- 
dimethoxybenzaldehyde. A solution of the aldehyde (I) ( 5  g.) 
in anhydrous ether was added dropwise to propylmag
nesium iodide (from 6.2 g. propyl iodide and 0.9 g. mag
nesium) while cooling in ice. The reaction mixture was 
treated as in (a) and the carbinol (II, R =  n-C3H7) was 
obtained as a colorless liquid, yield 3.5 g.

(5) Microanalyses were carried out by Alfred Bern
hardt, Germany. Melting points are not corrected,

Its phenylurethane derivative was crystallized from pe
troleum ether (60-80°) m.p. 130°.

Anal. Calcd. for C1 9H 230 4N: C, 09.3; IT, 7.0; N, 4.25. 
Found: C, 69.4; H, 7.2; N, 4.4.

(ii). Preparation of 2,3-dimethoxybutyrophenone (III, R =  
?i-C3H7). The above carbinol (II, R =  n-C3H7) (3.5 g.) was 
oxidized as previously described in (ft). I t  was obtained as 
a colorless liquid, b.p. 112-113°/0.6 mm., yield 2.5 g.

The semicarbazone was crystallized from ethyl alcohol in 
colorless crystals m.p. 153.5°.

Anal. Calcd. for Ci3H 19N 30 3: N, 15.84; Found: N, 15.99. 
(in). Demethylation of 2,3-dimethoxybutyrophenone. This 

ketone (2 . 1  g.) was similarly treated as in (c) to give 2,3- 
dihydroxybutyrophenone (IV, R = ?i-C3H7) in pale yellow 
crystals, “from petroleum ether (60-80°)” m.p. 61°, yield, 
0.7 g. I t  gave a bluish green color with alcoholic ferric chlo
ride solution which turned reddish brown on adding sodium 
carbonate solution.

Anal. Calcd. for CioH]20 3: C, 66.65; H, 6.7. Found: 
C, 66.5; H, 6 .8 .

D epartment of Chemistry, F aculty of Science 
Ain Shams University 
Abbassia, Cairo, E gypt

A N ote on  th e Mode o f A ddition o f  P henyl- 
lith iu m  to  P henanthrenequinone M onoxim e

William I brahim Aw ad and Abdel Rehim Abdel R aouf

Received April 14, 1958

Mustafa et al.1 2 claimed that phenanthrenequinone 
monoxime reacts with phenyllithium by 1,4- 
addition to give 10-phenylhydroxylamino-9-hy- 
droxyphenanthrene (I).

The main line of evidence upon which these 
authors assigned the above structure is that they 
obtained the same compound (I) by the action of 
phenylmagnesium bromide on the same oxime/ 
and they verified the identity of the two products 
by a mixture melting point experiment.

We have proved3 that the mode of addition of 
phenylmagnesium bromide to phenanthrenequi
none monoxime is 1,2-addition, thus produieng
9-phenyl-9,10-dihydro-10- oximino-9-hydroxyphen- 
anthrene (II). We have now found that when 
phenyllithium is allowed to react with phenan
threnequinone monoxime, under the same conditions

(1) A. Mustafa, W. Asker, O. H. Hishmat, A. F. A. 
Shalaby, and M. Kamel, J. Am. Chem. Soc., 76, 5447 (1954).

(2) A. Mustafa and M. Kamel, J. Am. Chem. Soc., 76, 
124(1954).

(3) W. I. Awad and A. R. A. Raouf, J. Org. Chem., 23, 
282(1958).
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described by Mustafa el al.1 the same product 9- 
phenyl-9,10-dihydro-10-oximino-9-hydroxyphenan- 
threne (II), is obtained according to the following 
scheme:

The identity of the phenyllithium product and 
the phenylmagnesium bromide product is again 
verified by melting point and mixture melting point 
experiment, as well as by ultraviolet spectrum, 

(mji) 254, emai 23990, (mp) 288,
8535, \ max (m/u) 324, emaJ! 1619.

In addition, it is noticed that the addition of 
organ olithium compounds to the a,/3-unsaturated 
ketones is a 1,2-addition even in cases where the 
organomagnesium compounds add by 1,4-addi
tion.4-7

E X PER IM EN TA L

Reaction of phenanthrenequinone monoxime with phenyl
lithium. A solution of phenanthrenequinone monoxime (1 
g.) in dry benzene (40 ml.) was treated with phenyllithium 
(from 16 g. bromobenzene and 1.5 g. lithium). The reaction 
mixture was kept overnight at room temperature in a nitro
gen atmosphere and under reduced pressure. The substance 
dissolved completely and the color of the solution changed 
from orange to reddish brown. The reaction mixture was 
poured slowly into 100 ml. of saturated aqueous ammonium 
chloride solution, and shaken thoroughly. The ether-benzene 
layer was separated, dried over anhydrous sodium sulfate, 
filtered, and evaporated. The solid residue upon crystalli
zation from benzene gave 9-phenyl-9,10-dihydro-10-oximino-
9-hydroxyphenanthrene, II, as colorless needles, m.p. 162° 
undepressed on admixture with a sample of the product 
from the interaction between phenanthrenequinone monox
ime and phenylmagnesium bromide, yield 50%. I t  gave a 
blue color with concentrated sulfuric acid and the color then 
turned to purple.

Chemistry D epartment, F aculty of Science
Ain Shams University
Abbassia, Cairo, E gypt

(4) H. Gilman and R. H. Kirby, J. Am. Chem. See., 55, 
1265(1933).

(5) A. Liittringhaus, Jr., Ber., 67, 1602 (1934). C. F. 
Koelsch and R. H. Rosenwald, J. Am. Chem. Soc., 59, 2166 
(1937).

(6) H. Gilman and F. W. Breuer, J. Am. Chem. Soc., 55, 
1262(1933).

(7) Newer Methods of Preparative Organic Chemistry, 
Interscience Publishers, Inc., 215 Fourth Ave., New York 
3, 1948, pp. 588, 589.

Preparation and Properties o f Som e  
Fluorohaloethyl Alkyl E th ers 1

J. D. P ark, H. L. Cummings, and J. R. Lacher 

Received May 2, 1958

In this study the following olefins were studied 
under base-catalyzed conditions: CF2=CHBr, CF2=  
CFI, CF2=CFBr, CF2--CH 2 and CF2=C H I, 
This and other previously reported works2 bring to 
completion the work on the ethers of the type 
R—O—CF2—CXYH where X and /or Y is H, F, Cl, 
Br or I. I t was found that CF2= C H 2 did not react 
with methanol even under autogenous pressure, 
while CF2= C H I (in the form of CF2C1—CH2I) 
reacted quite readily with methanol but the ether, 
CH3—O—CF2CH2I could not be isolated. Instead, 
only CF2ICOOCH3 was found. In contrast to this, 
C2H5—O—CF2CH2I 3 was isolated when CF2==CIII 
was treated with ethanol. In the hydrolysis of 
CH3—O—CF2—CHFI we failed to obtain CH3OCO- 
CHFI. Each time the hydrolysis was attempted, 
the only product isolated was the free acid CHFI- 
COOH. Here again, Seffl4 5 reported no difficulty in 
hydrolyzing C2H6—0—CF2CHFI to C2H5OCOCH- 
FI and isolating the ester.

In the present work, no difficulty was experienced 
in preparing C2H5—0 —CF2CH2Br even after this 
ether had been in contact with water for moderate 
periods of time during its isolation and purification. 
In contrast to this stability, C2H50 —CF2CH2C1 as 
shown by others2(d)i 6 undergoes hydrolysis to 
C2H60COCII2C1 quite readily -when allowed to 
remain in contact with water even for short periods 
of time. We are unable to reconcile the differences 
in hydrolytic stability of the two ethers, C2H6OCF2- 
CH2C1 and C2H5OCF2CH2Br.

E X PER IM EN TA L

The hydrolysis of the ethers, RO—CF2CXYH, to the cor
responding ester, CHXYCOOR, was carried out according 
to the method of Young and Tarrant.6

(1) This paper represents part of a thesis submitted by H.
L. Cummings to the Graduate School, University of Colo
rado, in partial fulfillment of the requirements for the 
Ph.D. degree.

(2) (a) J. D. Park, K. R. Lea, D. K. Vail, and J. R. Lacher, 
J. Am. Chem. Soc., 70, 1550 (1948); (b) J. D. Park, C. M. 
Snow, and J. R. Lacher, J . Am. Chem. Soc., 73, 2342 (1951); 
(c) J. D. Park, W. R. Lycan, and J. R. Lacher,./. Am. Chem. 
Soc., 73, 711 (1951); (d) W. E. Hanford and G. W. Rigby,
U. S. Patent 2,409,274 (1946); Chem. Abstr. 41, 982 (1947);
(e) W. H. Breen, unpublished work, University of Colorado.

(3) J. D. Park, J. Abramo, M. Hein, D. N. Gray, and J. 
R. Lacher, J. Org. Chem., 23, 1661 (1958).

(4) R. J. Seffl, unpublished work, University of Colorado.
(5) P. Tarrant and H. C. Brown, J. Am. Chem. Soc., 73, 

1781 (1951).
(6) J. A. Young and P. Tarrant, J. Am. Chem. Soc., 71, 

2432 (1949).
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Preparation of CtHi—0 —CF2CH2F. Reaction between 
CF2= C H F  and ethanol was carried out according to the 
procedure given in Ref. 2(d). B.p. 33° (253 mm.); n2DS
1.3145, d2 5  1.118.

Anal. Calcd. for C4H 7F 3O: C, 37.51; F, 44.50. Found: 
C, 37.72; F, 44.3.

Hydrolysis of C2H 5—0 —CF2 CH2F yielded CFH 2 COOC2- 
H5. B.p. 109° (629 mm.); n“  1.3745, 1.085. (Lit . 7 B.p.
117“ a t 760 mm.).

Preparation of CiHs,—0—CFzCHzBr. Reaction between 
C F ^ C H B r and ethanol was carried out according to the 
method given in ref. 2(a). B.p. 55-56° (104 mm.); ra’D3 

1 3980 d25 1 512
Anal. Calcd. for C4H 3F 2BrO: C, 25.40; Br, 42.3. Found: 

C, 25.26; Br, 42.12.
Hvdrolysis of C2H 5—O—CF2 CH2Br yielded CH.,Br- 

COOC2H5. B.p. 82c (55 mm.); n 2D5  1.4484, d2 5  1.501. L it . 8 

d ll  1.5059; 1.45420.
Preparation of CH3—0 —CF2CHFI. Reaction between 

CF2 C1—CHFI and methanol was carried out according to the 
method given in ref. 2(b). B.p. 59° (107 mm.); n 2D5 1.4188, 
d l 5  2.022.

Anal. Calcd. for C 3 H 4 F J O :  C, 15.02; F, 23.75. Found: 
C, 15.12; F, 23.46.

Hydrolysis of CH 30 —CF2CHFI yielded CHFICOOH but 
no CHFICOOCH 3 m.p. 79.5°. The melting point of this acid 
has been variously reported as 74° 9 and 78.5-79°.10

Anal. Calcd. for C2H2F I0 2: C, 11.76; F, 9.31; I, 62.25. 
Found: C, 11.91; F, 9.51; I, 62.32.

Preparation of C2H1—0—CF2—CHFBr. Reaction be
tween CF2= C F B r and ethanol was carried out according 
to the method given in ref. 2(a). B.p. 62-62.5° (167 mm.); 
n 2D5 1.3710, d l 5  1.571.

Anal. Calcd. for C4H 6BrF 30 : C, 23.19; F, 27.53. Found: 
C, 23.30; F, 27.26.

Hydrolysis of C2II 5—0 —CF2CHFBr yielded CHFBr- 
COOC2H5. B.p. 98.5° (138 mm.), rCD5  1.4248, d2 5  1.565.

Anal. Calcd. for C4H 6BrF 0 2: C, 25.94; F 10.27. Found: C, 
26.24; F, 10.38.

Hydrolysis of CHFBrC0 2C2H 5 with dilute HC1 yielded 
the acid CHFBrCOOH, m.p. 51.5-52.5°, reported9 49°.

Anal. Calcd. for C2H 2B rF02: C, 15.31; F, 1 2 . 1 1 . Found: 
C, 15.45; F, 11.80.

Reaction between CF2CI—CHJ[ and MeOH. Twenty-five 
grams (0.11 mole) of CF2C1—CH2I and 25 ml. of methanol 
were placed in a 250 cc., three-neck flask equipped with a 
stirrer, dropping funnel, and reflux condenser. The reaction 
mixture was cooled to zero degrees, by means of an external 
bath, and a ten percent solution of potassium hydroxide 
dissolved in methanol was added drop-wise with stirring. 
After a ten percent excess of the methanolic base had been 
added (total, 6.72 g. of potassium hydroxide dissolved in 70 
ml. of methanol), the temperature of the reaction mixture was 
raised to reflux for 30 min., cooled to room temperature, 
poured into cold water, and the heavy ether layer separated. 
The crude, washed product was dried over anhydrous cal
cium sulfate and weighed 15.3 g. (62.2%). During the drying 
process the crude ether eliminated hydrcgen fluoride and 
upon distillation a t reduced pressure 5.96 g. (43.2%) of the 
ester, CH2IC 0 2CH3, b.p. 90° (54 mm.), was isolated. 
« “  1.5202, d2 5  2.011. No CH 3—OCF2 CH2I was isolated.

Anal. Calcd. for C3H 6I 0 2: C, 18.02; H, 2.52; I, 63.50. 
Found: C, 18.24; H, 2.38; I, 63.71.

Attempted preparation of CH3—0—CF2CH3. A 50 percent 
solution of sodium methoxide in anhydrous methanol was

(7) J. C. Bacon, C. W. Bradley, E. I. Hoegberg, Paul 
Tarrant, and J. T. Cassady, J. Am. Chem. Soc., 70, 2653 
(1948).

(8) W. H. Perkin, J. Chem. Soc., 65, 427 (1894).
(9) F. Swarts, Mem. Couronnes Acad. Roy. Belg., 61, 

94 (1901); Chem. Abstr. II, 12 (1901).
(10) J. D. Park, II. J. Seffl, and J. R. Lâcher, J. Am. 

Chem. Soc., 78, 59 (1956).

introduced into the Parr hydrogenation bomb, and the bomb 
was sealed and tested for leaks. When leak-free, the bomb 
was cooled to —80° C, evacuated with a water aspirator, 
and 64 g. (1.0 mole) of C F ^ C ^  were forced into the bomb 
under pressure. The bomb was removed from the cooling 
bath, placed in the rocker, and allowed to warm slowly to 
room temperature with constant agitation for about 24 
hours. No fluorinated ether was isolated.

University of Colorado
Boulder, Colo.

An Unequivocal Synthesis o f  3-C hloro-9- 
An th ron e 1

F. A. Vingiello, P. E. Newallis, and M. Schlechter 

Received May 8, 1958

On reduction of 2-chloroanthraquinone with tin 
and glacial acetic acid, Barnett and Mathews2 
isolated a pure compound, m.p. 156°, which they 
designated as 2 (or 3) - chloro-9-anthrone (I). 
Several years later, Barnett and Wiltshire3 un-

0
I

equivocally prepared 2-chloro-9-anthrone, m.p. 
155°. Since a melting point of a mixture of these 
two showed a depression, it was concluded that I 
was 3-chloro-9-anthrone. In addition to this, a 
mixture of the acetate of I, m.p. 146°, and 2- 
chloro-9-anthryl acetate, m.p. 143°, showed a 
depression in the melting point.

Cl Cl Cl

II I I I . IV

Since some of bromide II was available,4 an 
unequivocal synthesis of IV was undertaken. The 
Grignard reagent of II was prepared, carbonated, 
and the adduct decomposed to give acid III. 
Cyclization of this acid with concentrated sulfuric 
acid gave 3-chloro-9-anthrone (IV) m.p. 155- 
156°.2 Acetylation of IV with pyridine and acetic 
anhydride yielded 3-chloro-9-anthryl acetate, m.p. 
146-146.5°.3

(1) This note has been abstracted from the Doctorate 
thesis of P. E. Newallis presented to the Virginia Poly
technic Institute in 1957.

(2) E. De Barrv Barnett and M. A. Mathews, J. Chem. 
Soc., 123, 2549(1923).

(3) E. De Barry Barnett and J. L. Wiltshire, J . Chem. 
Soc., 1822 (1928).

(4) F. A. Vingiello, G. Buese, and P. E, Newallis, J. Org. 
Chem., 23, 1139(1958).
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The results obtained are tenable with those of 
Barnett and his coworkers.

EX PE R IM E N T A L

5-Chlorodiphenylmethane-2-carboxylic acid (III). A Grig- 
nard reagent was prepared under nitrogen from 8.0 g. 
(0.028 mole) of 2-bromo-5-chlorodiphenylmethane, 0.68 g. 
(0.028 mole) of magnesium, ca. 100 ml. of anhydrous ether 
and a crystal of iodine. After all of the magnesium had 
reacted, the reaction mixture was poured into a slurry of 
crushed Dry Ice and anhydrous ether. The ethereal solu
tion was treated with dilute sodium hydroxide (trace of char
coal), cooled and filtered. The filtrate was acidified and the 
white precipitate was filtered. After drying in a desiccator 
overnight the solid had a melting range of 148-149°, 3.2 g. 
(46%). Recrystallization from ethanol gave an analytically 
pure sample, colorless rods, m.p. 149-151°.

Anal. Calcd. for Ci4HnC102: C, 68.16; H, 4.50. Neut. Eq. 
247. Found: C, 68.00; H, 4.47. Neut. Eq. 250.

S-Chloro-9-anthrone (IV). A mixture of 0.8 g. (0.00032 
mole) of 5-chlorodiphenylmethane-2-carboxylic acid and 
3 ml. of concentrated sulfuric acid was shaken vigorously 
and allowed to stand at room temperature for one hour. 
The mixture was poured into an ice-water mixture and a 
light yellow precipitate formed. This was filtered, washed 
with water, and recrystallized from ethanol yielding crys
tals which melted a t 153-154°, 0.62 g. (83%). Further re
crystallization from ethanol raised the melting point to 
155-156° (Lit.,1 2 m.p. 156°).

S-Chloro-9-anthryl acetate. A mixture of 0.4 g. (0.00018 
mole) of 3-chloro-9-anthrone, 15 ml. of pyridine and 3 ml. 
of acetic anhydride was heated on a steam bath for 2 hr. 
under a nitrogen atmosphere. This was poured into an ice 
water mixture which gave a yellow powder which was fil
tered and recrystallized from ethanol. Fine yellow needles, 
0.29 g. (42%) were obtained; m.p. 146-146.5° (Lit.,3 m.p. 
146°). The ethanolic solution displayed a strong blue fluo
rescence.

lated that such a rearrangement occurs (1) through 
the formation of an abnormal ozonide (I),1-2 (2) by 
rearrangement of the intermediate zwitter ion (II),4 
and (3) by abnormal cleavage of a normal ozonide 
(III) due to the electron release gained by O—H 
bond heterolysis.6 In general, in the abnormal

O
R 2

O

R,—C—O—CH—C< 2 R,—C—CH—O—O

I h

-OH , 0 '
•RjCi /  \  /-

r 4c —c h < >c <
I X>—O' \ r 3
OH

III

reaction, the product of the reaction of the un
saturated carbonyl compound with ozone is not 
isolated due to its instability.1

In the course of another investigation, the a,/3- 
unsaturated ketone, cholestenone (IV), was ozo
nized at —15° in a mixture of aqueous acetic acid 
and ethyl acetate in order to prepare the seco-nor- 
keto acid (V). By concentration of the reaction 
mixture a 55% yield of crystalline white solid was

HOOC

D epartment of Chemistry 
Virginia P olytechnic I nstitute 
Blacksburg, Va.

An O zonide o f C holestenone

W i l l i a m  G. D a u b e n , H e w i t t  G. W i g h t , a n d  

G e o r g e  A. B o s w e l l

Received May 12, 1958

The ozonization of a,/3-unsaturated carbonyl 
compounds occurs with what has been called an 
“abnormal” course, that is, both the olefinic 
bond and the adjacent single bond connecting the 
carbonyl group are cleaved.1-4 It has been postu-

O
II

R,—C—C H =C \
/R .

R3
R2\

R,—COOH +  HCOOH +  > C = 0
R /

(1) W. G. Young, A. C. McKinnis, I. D. Webb, and J. D. 
Roberts, J. Am. Chem. Soc., 68, 293 (1946).

(2) J. E. Leffler, Chem. Revs., 45, 385 (1949).
(3) J. Knights and E. S. Waight, J ■ Chem. Soc., 2830

(1955).
(4) R. Criegee, Record. Chem. Progr., 18, 111 (1957).

obtained and this material upon melting decom
posed to yield the desired acid V. The composition 
of the initial product was that expected for the addi
tion of one mole of ozone and one mole of water to 
the starting enone IV. The compound was per- 
oxidic but not hydroperoxidic as shown by a 
positive test with potassium iodide and a negative 
test with lead tetraacetate.6 The molecular weight 
was that for a monomer and the infrared spectrum 
possessed bands for hydroxyl groups but lacked 
band associated with carbonyl absorption. The 
material when stored in the dry was stable for 
many weeks but upon standing in air at room tem
perature gradually decomposed to give rise to the 
expected seco-nor acid V. Warming the material in 
benzene transformed it into the acid V and formic 
acid, demonstrating that it is an intermediate in 
the “abnormal” ozonization.

Based upon the foregoing data, there are at least 
three structures for a monomeric ozonide derivable 
from the intermediate hydroxylhydroperoxide VII 
which would arise by the well-established hydra
tion4-7 of the zwitterion VI. These structures are

(5) D. H. R. Barton and E. Seone, J . Chem. Soc., 4150
(1956).

(6) R. Criegee, Fortschr. Chem. Forsch. 1, 536 (1950).
(7) H. Lettre and A. Jahn, Ann., 608, 43 (1957).
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VIII, IX, and X, the first two representing hy
drates of normal ozonides and the last a hemi- 
ketal-acetal. On the basis of the work of Criegee,8 
IX would seem to be the preferred structure since 
in the presence of a protic solvent cyclic monomeric 
ozonides appear to form only when a bicyclo- 
3:2:l-system results. The formation of a stable 
hydrate of a carbonyl group, however, should only 
occur if the ozonide linkage is strongly electro
negative and from the acid strength of hydrogen 
peroxide such seems unlikely.

At the present time, structure X would appear 
to represent the most probable formulation for the 
product.9 The decomposition of X to products most 
likely follows the intramolecular pathway indicated.

E X PE R IM E N T A L 10 11

Ozonization of cholestenone. A solution of 7.78 g. (20.2 
mmoles) of cholestenone, 135 ml. of c.p . eUiyl acetate, 135 
ml. of glacial acetic acid, and 8 ml. of water was cooled in an 
ice salt bath and then 2.5 mole-equivalents (at 0.5 mmole/ 
min.) of ozone was passed through the solution. After stand
ing a t room temperature for 1 hr., the solution began to de
posit white crystals and by removal of three fourths of the 
solvent under reduced pressure (20-mm. pressure at room 
temperature), a total of 5.0 g. (55V), m.p. 112-115° (dec.), 
of white crystalline solid was obtained. The crude material 
was dried for 24 hr. a t room temperature under 20-mm. 
pressure. The dried material first melts a t 117° with evolu
tion of gas and then solidifies and remelts at 152-153°, the 
melting point of authentic seco-keto-acid V.n The infrared 
spectrum possessed bands at 2.94 u (OH) and a t 9.2, 9.5,
9.6 (ether—0).

(8) R. Criegee, A. Kerchow, and II. Zinke, Ber., 88, 
1878 (1955).

(9) The alternate zwitterion XI, which would appear to be 
a less favored intermediate, upon hydration and cyclization 
would give rise to a similar series of structures. Such struc
tures cannot be differentiated from the above on tlie basis 
of the present work.

(10) All melting points corrected. Analyses by t he Micro- 
analytical Laboratory, University of California.

(11) R. Tschesche, Ann., 498, 185 (19321; R. 13 Turner,
J. Am. Chem. Soc., 72, 579 (1950).

Anal. Calcd. for C27H460 6: C, 71.96; H, 10.29; peroxide, 
7.10; mol. wt. 450.6. Found: C, 71.26; H, 10.50; peroxide, 
6.86; mol. w t.12 439-481.

When the ozonide was heated with benzene and the solvent 
distilled and collected in an ice-cooled receiver, the residue 
after recrystallization from hexane amounted to 86% of the 
expected seco-nor-acid, m.p. 150-152°. To the benzene dis
tillate (200 ml.) were added 2 ml. of glacial acetic acid and
4.8 g. of mercuric acetate and the mixture was refluxed for 3 
hr. The evolved C 02 was swept with nitrogen into a gas col
lection flask containing sodium hydroxide (C02-free). Pre
cipitation of C 02 as BaC03 with BaCl2 yielded 70% of 
theory, based upon the oxidation of one mole of formic acid.

Department of Chemistry 
University of California 
Berkeley, Calif.

(12) The mol. wt. determination was kindly performed 
for us by Professor P. S. Bailey, University of Texas, by the 
cryoscopic method using dioxane as solvent.

Preparation o f  Trialkylboranes or Prim ary  
Alcohols from  Pyridine-Borane and Term inal 

Olefins

M. F rederick Hawthorne 

Received May 12, 1958

Two new synthetic methods for the preparation 
of trialkylboranes from olefins have recently been 
described. The first of these consists of treating the 
olefin with the sodium borohydride-aluminum 
chloride reagent of Brown and Rao.1 The second 
new method is based on the direct addition of 
diborane to the olefin in diglyme solution at room 
temperature.2 The diborane may be introduced as a 
gas or produced in situ by the reaction of sodium 
borohydride with boron trifluoride. The present 
paper describes a third method which is probably 
chemically similar to, but experimentally quite 
different from the second method above3 and prob
ably involves the electrophilic attack of thermally 
produced diborane upon the terminal olefin.

During the course of an examination of the 
chemistry of amine boranes it was observed that 
pyridine-borane would react with olefins in diglyme 
solvent and at temperatures near 100° to produce 
trialkylboranes. The reaction was conveniently 
carried out overnight in pressure bottles on the 
steam bath and with stoichiometric quantities 
of reactants.

(1) H. C. Brown and B. C. Subba Rao, J. Am. Chem. Soc., 
78,5694(1956).

(2) H. C. Brown and B. C. Subba Rao, J. Org. Chem., 22, 
1136(1957).

(3) I t  was pointed out by a referee that Dr. R. Roster 
reported to the Inorganic Division of the XVIth Interna
tional Congress of Pure and Applied Chemistry, Paris, 
France, tha t he had successfully added triethylamine borane 
to terminal olefins. This is not apparent in the abstracts 
(page 161) of the meeting.
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TABLE I
I lY D R O B O T t l  N A T I O N  O F  O L E F I N S  W I T H  P y H I D I N E - B o R A N E

Trialkylborane
_________Analysis____________  Alkanol

Y i e l d ,____ % C ___  % H Yield, B.P.
C: H a le d  F n n m l  TiY>,,nd ~R 1> » f  Of. ° POlefin c, G Calcd. Found Calcd. Found B.P., °C. Identity % °C.

1-Octene 82 82.24 81.85 14.67 14.55 166 1-Octanol 90 190-200
(1.5 mm.)

1-Hexene 70 81.18 80.90 14.76 14.66 127 1-Hexanol 66 155-160
(1.5 mm.)

2-Methylbutene-1 2-Methvlbutanol-l 71 125-128
2-Methylpentene-1 2-Methylpentanol-1 50 145-150
2,2,4-Trimethyl- 67 82.24 81.95 14.67 14.60 135 2,2,4-Trimethyl- 58 168-170

pentene-1 (1 mm.) pentanol-la
Styrene /3-Phenylethanol 57 90-92

(6 mm.)
a-Methylstyrene 66 88.03 87.82 9.03 8.80 170

(10 mm.) 2-Phenylpropanol-l 64 125-126
(7 mm.)

Cvclohexene Cyclohexanol 47
Cyclopentene 60 82.57 82.20 12.47 12.19 140

(G mm.) Cyclopentanol 55

a Characterized as 3,5-dinitrobenzoate, m.p. 73-74° (D. ,1. Hadle}r, R. H. Hall, and D. I. H. Jacobs, J. Chem. Soc., 1416
(1954), report m.p. 73-74° for this derivative).

diglyme
C5H5NBH3 +  3 CH>—CHR --------^

100°
C5H6NB(CH2CH2R)3

Jf
C5H5N +  B(CH2CH2R)3

Acidification of reaction mixtures under a nitrogen 
atmosphere afforded, after extraction and washing, 
ethereal solutions of the corresponding trialkylbor- 
ane. The borane was then isolated directly by frac
tionation or converted by hydrogen peroxide oxida
tion to the corresponding alcohol. The experimental 
simplicity of the method was enhanced by the use of 
pyridine borane, an air stable and essentially non
volatile material which is easily prepared4 in quan
tity if necessary but which is now commercially 
available.5

Table I lists the results of several representative 
reactions which were carried out with 0.20 mole 
of olefin and 0.07 mole of pyridine-borane. Several 
reaction mixtures were worked up to yield the 
trialkylboranes. In all cases a reaction mixture was 
directly converted to the primary alcohol by oxi
dation of the crude trialkylborane with hydrogen 
peroxide. The purified alcohols were identified by 
comparison of their infrared spectra with the 
spectra of authentic samples and by boiling point. 
In each case the trialkylborane produced was that 
which arises by addition of the borane fragment to 
the terminal carbon atom.6

The mechanism of this process probably involves

(4) M. D. Taylor, L. R. Grant, and C. A. Sands, J. Am. 
Chem. Soc., 77, 1506 (1955).

(5) Callery Chemical Co., Pittsburgh, Pa.
(6) H. C. Brown and B. C. Subba Rao, ,/. Org. Chem., 

22, 1137 (1957) show tha t such adducts are the more stable 
and are readily formed.

the electrophilic addition of thermally produced 
diborane to the terminal olefin.

E X P E R I M E N T A L

Pyridine-borane was prepared by the method of Taylor, 
Grant, and Sands3 and melted at 10-11° after purification by 
fractional freezing. Material prepared in this manner was 
successfully scored for a year without signs of deterioration.

The olefins employed were obtained from commercial 
sources and fractionated before use with a 40-plate spinning 
band distillation column.

Pressure vessel. At the outset the reaction of pyridine 
borane with 1-octene was successfully carried out using 
a simple one-necked flask with a reflux condenser and a nitro
gen atmosphere. However, this procedure was quite unsatis
factory when applied to the olefins of low molecular weight 
and low boiling point due to volatilization of the olefin. 
Therefore, a sealed system was employed in the form of 
glass pressure bottle of 200-ml. capacity and equipped with 
a spring held cap. In larger scale preparations an autoclave 
could no doubt be used to advantage.

General procedure. To 25 ml. of diglyme which had been 
dried by distillation from lithium aluminum hydride a t re
duced pressure under nitrogen was added 6.5 g. (0.07 mole) 
of pure pyridine-borane and 0.20 mole of the desired olefin. 
The solution wras placed in the pressure bottle and the bottle 
swept with dry nitrogen and quickly stoppered. The pres
sure bottle was then placed in a steam bath for a period of 
14 hr., cooled to room temperature, and the contents trans
ferred to a separatory funnel equipped with a nitrogen 
inlet tube. Ice (50 g.) and 200 ml. of water were added 
followed by 150 ml. of ethyl ether. The mixture was then 
acidified with 100 ml. of 5N  hydrochloric acid. Small quan
tities of hydrogen were evolved during acidification. The 
ether layer was washed three times with water in a nitrogen 
atmosphere and dried with magnesium sulphate while in the 
separatory funnel. The dried ether solution of trialkylborane 
was then transferred under nitrogen to a spinning band dis
tillation column, the ether distilled, and the residue distilled 
in vacuum to yield pure trialkylborane.

Oxidation of trialkylboranes with hydrogen peroxide. Alter
natively, the wet ethereal solution of trialkylborane was 
mixed with 50 ml. of 10% aqueous sodium hydroxide solu-
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tion and vigorously stirred at the ether reflux temperature 
as 100 ml. of 20% hydrogen peroxide was added dropwise. 
After the oxidation step the ether layer was separated, 
washed with water, and then with a 5% ferrous ammonium 
sulfate solution until no further coloration of the aqueous 
layer occurred. The ether layer was then dried over mag
nesium sulfate and distilled through the spinning band 
column to yield the pure alcohol.

R ohm & H aas Co.
R edstone Arsenal R esearch Div .
H untsville, Ala.

The B asicities o f  S u b stitu ted  Pyrid ine-1- 
oxides. A R eaction Series R equiring Use 

o f <r+ and cr~ 1

H. H. J apf£

Received May IS, 1958

Some 3rears ago we determined and examined the 
basicities of a series of substituted pyridine-1- 
oxides.2 We recognized at that time that resonance 
between structures I, II, and III was important.2"1 
II was expected to make a particularly important

X X - X+

0 -  0  O -
I  II III

contribution when X was electron attracting by a 
tautomeric effect (e.g. —N 02, —COOR), and in the 
treatment of the data by the Hammett equation3 
we consequently used <r_-values4 for these substit
uents. Similarly, we recognized that structure III 
would make a particularly large contribution to the 
resonance hybrid when X was capable of electron 
release by a tautomeric effect (e.g. —OR, —NR2), 
and we assumed that the failure of the experi
mental points for 4-hydroxypyridine-l-oxide, 4- 
aminopyridine-l-oxide, and isoquinoline-l-oxide to 
fall on the line defined by the plot of the pKa’s5 
of the other compounds vs. c-values was due to 
this reason. At that time, however, no special 
substituent constants were available for tauto- 
merically electron releasing substituents in conju
gation with electron withdrawing side chains or

(1) This work was supported by the office of Ordnance 
Research. U. S. Army.

(2) (a) H. H. Jaffé, J. Am. Chem. Soc., 76, 3527 (1954); 
(b) H. H. Jaffé and G. O. Doak, J . Am. Chem. Soc. 77, 
4441(1955).

(3) (a) L. P. Hammett, Physical Organic Chemistry, Mc
Graw-Hill Book Company, Inc., New York, 1940, Chapter 
VII; (b) H. H. Jaffé, Chem. Revs., 53, 191 (1953).

(4) By agreement between Prof. H. C. Brown, R. W. Taft, 
Jr., N. C. Deno, and the author, the constants designated 
as a* in ref. 3 b are now referred to as a~.

(5) As in earlier papers (ref. 2) all basicities are expressed
as pKa’s of the conjugate acids.

Fig. 1. Plot of the pKa’s of 1-hydroxypyridinium ions 
against a. Open circles, a+ values; crossed circles, normal 
o-values; full circles, normal <r-values or <r_-values for groups 
for which cr+ is not applicable

reaction centers, and hence we were unable to 
adequately deal with the pK’s of the three com
pounds mentioned in terms of the Hammett 
equation. The recent introduction of such constants 
(<r+) by Brown and Okamoto6 and by Deno and 
Evans7 and the discussion of the tautomeric 
equilibria in 4-hydroxy- and 4-aminopyridine-l- 
oxides by Gardner and Katritzky8 have prompted 
us to re-examine our data.

Fig. 1 shows a plot of our pK„-values against <r; 
<r_-values are used for electron withdrawing, up
values for electron releasing substituents. Since the 
data of Gardner and Katritzky were in reasonable 
agreement with ours where comparison was pos
sible, their data are included for those compounds 
which we had not examined. Fig. 1 also shows (as 
crossed circles) the points for electron releasing 
substituents using the normal u-values. The tre
mendous improvement in the fit resulting from the 
use of <r+-values is immediately apparent. The 
13 data, which cover a range of more than 5 log 
units are correlated with p= 1.893 ±  0.071, r = 
0.992, s = 0.201 ( — log k°)caio. =0.812 in excellent 
agreement with pK° =0.79. Although the p-value 
is slightly lower than that previously reported, it 
still bears a striking resemblance to the value ap
plicable to the pK’s of phenols. The data of Gardner

(6) Y. Okamoto and H. C. Brown, J. Am. Chem. Soc., 79, 
1913 (1957); the <r+ values used are the latest revised values 
of Prof. Brown.

(7) N. C. Deno and W. L. Evans, J . Am. Chem. Soc., 
79,5804(1957).

(8) J. N. Gardner and A. R. Katritzky, J. Chem. Soc., 
4375(1957).
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and Katritzky8 also permit the calculation of 
<7+-values for two new groups: —NHCH3, <j + = 
— 1.59;—OCH2C6H6, <r+ = -0.616.

The basicities of the substituted pyridine-1- 
oxides are the first reaction series on record which, 
in the Hammett treatment, require the use of 
both <7+- and o-~-values. A slightly more detailed 
discussion seems indicated. Although it was origi
nally suggested that <r “-values were applicable to 
all reactions of anilines and phenols, evidence now 
appears to accumulate9 that the requirement is an 
appreciable difference in conjugation of substituent 
and reaction site between initial and final (in the 
case of equilibria) or transition state (in the case of 
rates). Such a difference in conjugation between 
initial and final states obviously exists for electron 
releasing X, since it is impossible to write a plausible 
quinoid structure analogous to II for the conjugate 
acids. In the case of electron withdrawing X, how
ever, it is suggested that the resonance IV<->V is 
sufficiently more important than I «-»III to require 
use of ¡revalues.

R R +

OH OH
IV V

In  our previous paper2b we conclude that the 
tautomeric equilibria between 4-hydroxypyridine-l- 
oxide and l-hydroxy-4-pyridone, and between
4-aminopyridine-l-oxide and l-hydroxy-4-pyridone 
immine were overwhelmingly in favor of the pyri
dine rather than the pyridone structure. This con
clusion was based on the estimation of the intrinsic 
basicities of the two pyridine structures by the 
Hammett equation, using standard <r-values, which 
lead to pK’s for the conjugate acids appreciably 
smaller than the observed values, while in a tauto
meric equilibrium of the type under investigation 
(single acid, tautomeric bases) the observed pK 
must be at least as low as the lower of tautomers. 
We doubted that the intrinsic pK’s could have been 
underestimated by more than the discrepancy found.

Gardner and Katritzky8 have examined the same 
tautomeric equilibria, and have confirmed our 
conclusion concerning 4-aminopyridine-l-oxide. 
They have used the pK’s of 4-methoxypyridine-l- 
oxide (pK = 2:04) and of l-methoxy-4-pyridone 
(pK = 2.57) and of the corresponding benzyl deriva
tives (pK=1.99 and 2.58, respectively) to estimate 
the intrinsic basicities of the corresponding hy
droxy compounds. These authors found themelves 
in the same dilemma as we had, since the 4-alkoxy 
compounds were weaker bases (their conjugate 
acids stronger acids) by 0.4-0.5 units than the 
hydroxy compound while the l-alkoxy-4-pyridones 
were slightly stronger bases. From these data the

authors conclude (rather unconvincingly) that 4- 
hydroxypyridine-l-oxide must exist as an equilib
rium mixture of roughly comparable quantities of 
the pyridine and pyridone forms. Examination of 
Fig. 1 shows that the point for 4-hydroxypyridine-
1-oxide lies well on the best straight line. Calcula
tions indicate that omission of this datum does not 
improve the correlation with <x. The inherent ac
curacy of the Hammett equation is insufficient to 
accurately evaluate the tautomeric equilibrium 
constant, or to categorically state that the pyridone 
form makes no substantial contribution to the 
tautomeric equilibrium. However, the data lend 
no support to Gardner and Katritzky’s thesis of an 
important contribution from the pyridone structure, 
but are best interpreted as indicating an equilibrium 
predominantly in favor of the pyridine form, in 
agreement with our theoretical calculations.10

Department of Chemistry
University of Cincinnati
Cincinnati, Ohio

(10) H. H. Jaffé, J . Am. Chem. Soc., 77, 4448 (1955).

M etalation  o f 1-M ethylbenzim idazole w ith  
n .-B utyllith ium

P eggy W. Alley and David A. Shirley

Received May 15, 1958

The reaction of l-methyl-2-(-butylbenzimidazole 
with organolithium reagents has been reported1 to 
involve addition across the azomethine linkage. 
Benzothiazole undergoes either metalation in the
2-position or addition across the azomethine link
age, depending upon the reaction temperature.2’3 
Benzoxazole apparently gives no metalation prod
uct with n-butyllithium.3

Treatment of 1-methylbenzimidazole with n- 
butyllithium at —60°, followed by carbonation, 
gave l-methyl-2-benzimidazolecarboxylic acid in 
45% yield. The high water solubility of the acid 
product, prepared previously from the reaction of 
glyoxylic acid and TV-methyl-o-phenylenediamine,4 
prevented the quantitative isolation of the acid by 
precipitation with mineral acid from the aqueous 
layer of the carbonation mixture. A portion of the 
product was isolated in this manner, but the re
mainder was obtained as its water insoluble copper 
(II) complex. This complex is similar to the one

(1) R. C. Elderfield and V. B. Meyer, J. Am. Chem. 
Soc., 76,1891 (1954).

(2) H. Gilman and J. A. Beel, J. Am. Chem. Soc., 71, 
2328 (1949).

(3) J. A. Beel, Doctoral Dissertation, Iowa State College, 
1949; Iowa State Coll. J. of Sei., 25, 161 (1951).

(4) E. H. Usherwood and M A. Whitely, J . Chem. Soc., 
123, 1069 (1923).(9) R. W. Taft, Jr., private communication.
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formed by l-methyl-2-imidazolecarboxylic acid.5 6 7
l-Methyl-2-benzimidazolecarboxylic acid melts 
with decomposition and evolution of carbon dioxide 
forming 1-methylbenzimidazole.

When 1-methylbenzimidazole was metalated at 
room temperature with an excess of n-butyllithium, 
only a trace of acid product was isolated following 
carbonation. Instead, a mixture of l,T'-dimethyl-
2,3-dihydro-2,2'-bibenzimidazole, I, (m.p. 139- 
140°) and 1,1'-dimethyl-2,2'-bibenzimidazole, II 
(m.p. 213-214°), was obtained in total yield of 
53.5%. The lower melting material could be con
verted to the higher by air oxidation. These prod
ucts apparently arose by initial metalation of 1- 
methylbenzimidazole followed by addition of 1- 
methyl-2-lithiobenzimidazole to another molecule 
of 1-methylbenzimidazole. On acidification, the 
carbamic acid type decarboxylated to the products 
as shown in the figure.

EX PE R IM E N T A L 6

The following procedure for the preparation of 1-methyl- 
benzimidazole was better in our hands than the reported 
methods of méthylation of benzimidazole.7,8

1-Methylbenzimidazole. Benzimidazole (17.5 g., 0.15
mole) moistened with 20 ml. of dry ether was cautiously 
added to a stirred solution of 3.8 g. of sodium and 0.15 g. of 
ferric nitrate in 200 ml. of liquid ammonia. The resulting 
solution was stirred for 15 min. and methyl iodide (24 g.) 
was added dropwise. The ammonia was allowed to evapo
rate and 50 ml. of water was added to the residue. The aqueous 
solution was extracted continuously overnight with ether. 
The ether was evaporated and the residue dried by distilling 
benzene from it. The product was fractionally distilled 
twice in vacuo, and 1-methylbenzimidazole was obtained 
as a colorless solid, b.p. 99-102°/0.5 mm., m.p. 60-61°. The

(5) D. A. Shirley and P. W. Alley, J. Am. Chem. Soc., 79, 
4922 (1957).

(6) Microanalyses by Galbraith Microanalytical Labora
tories, Knoxville, Tenn., and Weiler and Strauss, Oxford, 
England. All melting points are uncorrected.

(7) K. Bamberger and J. Lorenzen, Ann. 273, 269 (1893).
(8) M. A. Phillips, J. Chem. Soc., 1931, 1143.

yield of product w-as 8.0 g. or 40.5%. 1-Methylbenzimidazole 
is reported to melt a t 66°.8

Low temperature metalation of 1-methylbenzimidazole. To a 
solution of 1-methylbenzimidazole (4.3 g., 0.0325 mole) in 
130 ml. of dry ether was added a t —60° a solution of 0.036 
mole of n-butyllithium in 40 ml. of ether. The resulting 
solution was stirred with continued cooling for 3 hr., and 
the resulting colorless solution was carbonated. The carbon
ation mixture was hydrolyzed with 50 ml. of water. The 
ether layer was separated and washed with additional 
water. The combined aqueous layers were cooled in an ice 
salt bath and carefully acidified with concentrated hydro
chloric acid. The white solid which formed was collected by 
filtration and dried. The product weighed 1.3 g. A sample 
of the acid product, after recrystallization from a small 
amount of water, melted at 93° (dec.). Usherwood and 
Whitely4 report the melting point of l-methyl-2-benzimid- 
azolecarboxylic acid as 98-99° (dec.).

Anal. Calcd. for C9H8N20 2: C, 61.36; H, 4.58; N, 15.90; 
Neut. eq. 176. Found: C, 60.94, 61.01; H, 4.64, 4.62; N, 
16.30,16.30; Neut. eq. 182.

The filtrate from the 1.3 g. of crude acid product was 
treated with a concentrated solution of copper sulfate. A 
light blue water-insoluble powder separated which, after 
careful washing and drying, weighed 1.70 g.

Anal. Calcd. for Ci8Hi4CuN40 4: C, 52.32; H, 3.41; N, 13.54. 
Found: C, 52.30; H, 3.27; N, 13.50.

The yield of l-methyl-2-benzimidazolecarboxylic acid 
from the acid precipitation and the copper (II) complex 
was 45%.

Room temperature metalation of 1-methylbenzimidazole. 1- 
Methylbenzimidazole (10.9 g., 0.0825 mole) in 50 ml. of dry 
ether was placed in a flask, and a solution of n-butyllithium 
[prepared from 18.5 g. (0.2 mole) of ri-butyl chloride and
3.0 g. (0.43 g.-atom) of lithium9] was added in a dropwise 
fashion to the stirred solution. The resulting solution was 
stirred at room temperature for 2.5 hr. At the end of this 
period the solution was red and a copious amount of green
ish yellow solid was present. This mixture was carbonated 
with solid carbon dioxide and then hydrolyzed with 50 ml. 
of w ater. The yellow- ether layer was separated and extracted 
with three 30-ml. portions of water. The basic aqueous 
extracts were combined with the aqueous layer and the 
solution was neutralized. At the neutral point a copious 
amount of precipitate was present, and acidification was 
stopped when the solution was only faintly acid. The solid 
was collected b3 r filtration and dried over phosphorous 
pentoxide in vacuo. The product weighed 5.63 g. and melted 
from 140° to 210°. By fractional crystallization of a portion 
of this material from absolute ethanol, two products were 
obtained. The first fraction was the lower melting material, 
wLich after recrystallization from acetone melted at 139- 
140°. Elemental analysis and molecular weight determi
nation indicated an empirical formula of C4H4N and a molecu
lar formula of Ci6Hi6N4.

Anal. Calcd. for Ci6H i6N4: C, 72.70; H, 6.10; mol. wt. 
264. Found: C, 72.80, 72.64; H, 6.13, 5.93; mol. wt. 240 
by Rast camphor method.

Elemental analysis of the second fraction, m.p. 213-214°, 
indicated an empirical formula of C8H7N2.

Anal. Calcd. for Ci6H i4N4: C, 73.26; H, 5.38; N, 21.36. 
Found: C, 73.26; H, 5.16; N, 21.32.

The molar ratio of the lower melting material to the higher 
melting material wras approximately 3:1. Passing oxygen 
through an acetone solution of the lower melting compound 
converted it into the higher melting material. The ether 
layer from the metalation reaction was evaporated and the 
residue sublimed to produce an additional 0.18 g. of the 
higher melting product. The lower melting product wras 
assigned structure I, l,l'-dimethyl-2,3-dihydro-2,2'-bibenzi-

(9) H. Gilman, E. A. Zoellner, and W. M. Selby, J. Am. 
Chem. Soc., 54, 1957 (1932).
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midazole, and the higher melting material (II) was desig
nated 1.1'-dimethvl-2,2'-bibenzimidazole. Formation of the 
bibenzimidazole derivatives occurred in 53.5% yield.

Department of Chemistry 
University of T ennessee 
K noxville, T enn.

A cetylation  o f Im ides w ith  K etene

R. E. D unbar and Wayne M. Swenson 

Received May SI, 1968

Previous studies, in our laboratories, have in
volved an extension of the acetylation of alcohols, 
mercaptans, carboxylic acids, glycols, polyhydroxy 
compounds, amides, hydrocarbons, nitroparaffins, 
and carbohydrates, with ketene. All of the above 
classes of compounds are similar in that they con
tain activated or readily replaceable hydrogen. 
Ketene is characterized by its ability to form 
combinations with such organic substances. Al
though somewhat toxic and difficult to prepare, it 
ranks first in reactivity among the common acety- 
lating reagents. The predominating advantage of 
ketene, as compared to acetic acid, acetyl halides, 
and acetic anhydride, is the fact that it theo
retically produces no objectionable by-products.

Since amides have been found to be readily 
acetylated with ketene to form monoacetyl 
derivatives,1 it seemed highly probable, by anal
ogy, that imides could be similarly acetylated to 
the corresponding W-acetyl derivatives. In addition, 
several similar reactions have been observed during 
recent years. Rice and eoworkers,2 for instance, 
prepared Af-phenyldiacetylimide by passing ketene 
into acetanilide at 140°. They suggested that N- 
acetylbenzamide was formed similarly from benz- 
amide at 180°, but that it decomposed into benzo- 
nitrile as the reaction progressed. Later, Padgham 
and Polya3 isolated A’-acety 1 benzamide and di- 
acetylimide by passing ketene into molten benz- 
amide and acetamide, respectively. The use of 
sulfuric acid in the production of .Y-phenyldi- 
acetylimide from ketene and molten acetanilide 
was reported by Smirnova4 and others, who also 
reported the preparation of .V-formyldiacetvlimide, 
and described it as a liquid. Our findings, however, 
indicate that this triacvlated ammonia is a crystal
line product.1 For these reasons it seemed desirable 
to conduct an extended study of the reaction of 
ketene with any and all available imides.

The first difficulty encountered in this study was
(1) R. E. Dunbar and Gerald C. White, J . Org. Chem., 23, 

915 (1958).
(2) F. O. Rice, J. Greenberg, C. E. Waters, and II. E. 

Vollrath, J . Am. Chem. Soc., 56, 1760 (1934).
(3) D. N. Padgham and J. B. Polya, Australian ./. Sri.,13, 

113 (1951).
(4) N. V. Smirnova, A. P. Skoldinov, and K. A. Kochesh-

kov, Doklady Akad. Nauk S.S.S.R., 84, 737 (1952).

the selection of a suitable inert solvent. Among 
those employed were carbon tetrachloride, ben
zene, ether, ligroin, dioxane, and chloroform. Hot 
benzene seemed to be the most efficient solvent for 
the imides, but it also induced excessive poly
merization. Dioxane appeared to be a better sol
vent but coidd not be readily removed without 
causing the acetylated irnide to decompose. This 
was probably due to the formation of peroxides while 
the dioxane was exposed to air. Also, acetylation 
was extremely slow when this solvent was employed. 
A suspension of the imide in carbon tetrachloride 
yielded maximum acetylation with little or no 
polymerization.

It was found that the imides could not be accty- 
lated when treated with ketene alone. A catalyst 
was therefore necessary. Concentrated sulfuric 
acid has been found, by other investigators, to be 
a very satisfactory catalyst in similar reactions. 
When concentrated sulfuric acid was used with the 
imides, however, no acetylation took place. There 
was no change in the melting point from that of 
the parent compound, either before or after the 
attempted acetylation. Fused sodium acetate 
produced positive results. The compounds which 
were unaffected by the ketene in previous attempts, 
acetylated readily with no noticeable by-products 
when sodium acetate was used. This catalyst was 
found to be satisfactory with every imide treated.

This work could be valuable from the standpoint 
of the organic analytical student, because deriva
tives of imides are as yet little known. The litera
ture is very sketchy concerning imide derivatives, 
and they are difficult to prepare. The acetyl de
rivatives of imides have previously been prepared 
by reaction with acetic anhydride followed by 
long hours of refluxing to affect a reaction. The 
yields are low. Attempts to acetylate imides using 
acetic acid or acetyl halides have been unsuccessful. 
Ketene will react readily with the imides producing 
satisfactory yields in a matter of minutes. The 
gas can he produced satisfactorily on a laboratory 
scale. Seven imides, namely naphthalimides, 4- 
nitrophthalimide, pyromellitic diimide, tetrahv- 
drophthalimide, phthalimide, saccharin, and suc- 
cinimide; and one anilide, namely acetanilide, have 
been successfully acetylated with ketene for the 
first time. Of these, the first four were acetylated 
for the first time by any means. The other four 
compounds involved in the study have been pre
viously acetylated by using acetic anhydride. The 
results are summarized in Table I.

EXPERIMENTAL

The ketene for this study was prepared by the use of a 
Hurd type “lamp.”5 I t  was prepared by the pyrolysis of 
purified acetone. The acetone was vaporized bv boiling, and 
the vapors were passed over an electrically heated wire. I t

(5) W. E. Hanford and J. C. Sauer, Org. Reactions, III, 
108 (1946).
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TABLE I
K e t e n e  A c e t y l a t i o n  P r o d u c t s  o f  I m i d e s

Appearance
of

Acetylated Nitrogen, %
Imide Employed Solvent Catalyst Product M.P., °C. Yield, % Theor. Exptl.

Acetanilide11 CCh h 2so 4 White
crystals

386 76 7.91 7.65

Naphthalimide C2H5OC2H6 AcONa Pink
crystals

275-277(dec.) 57 5.86 5.98

4-Nitrophthalimide CCh AeONa Yellow
crystals

105-107 22 11.96 11.67

Phthalimide CCh AcONa Butter
scotch
crystals

128-130° 18 7.41 7.30

Pyromellitiediimide Celle AcONa Tan
crystals

138-140(dec.) 50 9.34 9.31

Saccharin C6He AcONa White
crystals

196-200(dec.)tf 70 6.23 6.25

Succinimide hot CCh AcONa Yellow
crystals

38e 51 9.93 9.82

T etrahydrophthalimide CCh AcONa White 123-124 27 7.26 7.23
crystals

0 Not an imide but an A-phenyl amide. 6 J. J. Sudborough, J. Chem. Soc., 533 (1901), reports a m.p. of 37°. c T. W. 
Evans and W. M. Dehn, J. Am. Chem. Soc., 51, 3651 (1929), reports a m.p. of 135-136°. d A mixed melting point also. 
e C. Djerassi and C. T. Lenk, J. Am. Chem. Soc., 75, 3493 (1953), reports a m.p. of 40-41°.

was then mixed with the compound to be acetylated in an 
absorption apparatus6 tha t had been previously designed in 
our laboratories. The compound being acetylated was dis
solved in a suitable solvent placed in the absorption appara
tus.

The imides for this study were all suspended in carbon 
tetrachloride, benzene, or ethyl ether at room temperature, 
with the exception of succinimide, which was suspended in 
hot carbon tetrachloride. A common catalyst found to be ef
fective with all the imides acetylated was sodium acetate. 
The imide was weighed out in a 0.03-mole quantity. This, 
together with 0.03 grams of catalyst, was added to an 80- 
ml. portion of the solvent in the absorption flask. Ketene was 
passed through the reaction mixture until an equivalent 
molar amount had been added. A slight excess was added to 
ensure complete reaction. After the addition was complete, 
the mixture was separated from any residue which failed to 
dissolve. This residue was found in each case to be traces of 
unreacted parent compound and was, therefore, discarded. 
The mixture was then cooled and the acetylated imide 
crystallized out in surprisingly pure form.

All acetylated imides were verified and identified by mixed 
melting points with samples of the same compounds prepared 
by other approved means, or by micro-Kjeldahl and micro- 
Dumas nitrogen determinations.

School of Chemical T echnology
N orth Dakota State College
Fargo, N. D.

(6) A. N. Bolstad and R. E. Dunbar, Ind. Eng. Chem., 
Anal. Ed., 18, 337 (1946).

The Structure o f  A m idoxim es 1

H. E. Ungnade and L. W. K issinger 

Received May 22, 1958

Amidoximes result primarily from the action of 
hydroxylamine on cyanides or the amination of

hydroxamic acid chlorides with amines or ammonia. 
Neither the method of synthesis nor the reactions, 
however, permit a distinction between the isomeric 
structures la  and lb.

RCNHOH RCNH2
I IINH NOH
la  lb

For this purpose the infrared absorption spectra 
of a few selected amidoximes have been compared 
with those of authentic oximino compounds of 
similar structure and with amidoximes derived 
from secondary amines (II and III) which can only 
possess structures corresponding to lb.

/  X N-C-COOEt (  X N-C-M e
X— 7 NOH NOH

II III

A recent investigation of a series of amidoximes 
has described infrared absorption bands for these 
compounds which were assigned to NH stretching, 
OH stretching, NH deformation, C==N stretching, 
and N—O stretching.2

Similar bands have been observed in the present 
investigation (Table I). The broad bands in the 
region of 3.04-3.22 p are probably due to associated 
NH and OH. They are much weaker in dilute solu
tions while the monomer bands at 2.80-2.93 p are 
increased in intensity.

Strong bands at 5.95-6.24 p are assigned to C =N  
stretching. Theoretical considerations permit the

(1) This work was performed under the auspices of the
U. S. Atomic Energy Commission.

(2) J. Barrans, R. Mathis-Noel, and F. Mathis, Compt. 
rend., 245,419 (1957).
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TABLE I
I nfrared Absorption Spectra of Amidoximes and Other Oximino Compounds

Compounds OH OH C = 0 C = N C—O—C

h n = c h n h o h 2.89
Amidoximes

3.20“ 5.95» C

HONH—C(=NH)COOEt 2.88 3.16“ 5 80 6.01“ 8.19 e

III 2.84 3.12 6.17 e

II 2.81 3.09 5.77 6.21 8.16 e

CH3C(=NOH)COOH
Oximino Acids 

3.04 5.78 6.15 c

C2H5C(=NOH)COOH 3.04 5.78 6.14 c

N=CC(=NOH)COOH 2.92 3.22 5.74 6.15 c

HON=CHCOOEt 2.84
Oximino Esters 

3.04 5.79 6.14 8.00 e

CH3C (= N  OH)COOEt 2 .85sh 3.12 5.82 6.16 8.75 e

C2H5C (= N  OH )COOEt 2.82 3.10 5.81 6.16 8.70 e

HON=CClCOOEt 2.863h 3.06 5.75 6.24 7.81 e

N = C C (= N O H  )COOEt 2.86 3.12 5.75 6.24 7.74 e

CH3COC(=NOH)COOEt 2.83 3.16 5.73 6.14 8.15 e

“ Probably combined OH and NH absorption. 6 In KBr (0.5%) the C = N  band occurred at 5.96 m- c 2% solution in 
acetonitrile. “ In KBr (0.5%) the C = N  band was found at 5.99 y. e 5%  solution in chloroform, sh = shoulder.

TABLE II
I nfrared Absorption Spectra of Ethyl Amino-oximinoacetate

Compounds Solvent“ OH OH” a 11 o C = N NH C—O—C

Hydrochloride MeCN C 3.18 5.65 5.85 6.21 8.08
Ester MeCN 2.96 C 5.78 6.02 6.36 8.16
Ester KBr“ 2.89 3.18 5.80 5.99 6.37 8.11
Ester CHCL 2.88 3.16 5.80 6.01 6.41 8.19
Ester MeOH C C 5.78 6.04 6.40 8.30
Ester (CH2)5NH 2.93 3.09 5.80 6.04 6.35 8.33
Sodium salt KBr“ C C 5.86 6.20 6.40 8.26

“ Determined in concentrations of 5 and 10%. 6 Probably combined OH and NH absorption. c These bands could not 
be observed. d Potassium bromide pressing, 0.5 mm. thick, concentration 0.5%..

conclusion that the C =N  frequency for C=N H  
compounds will be found at values about 40 cm. ~l 
higher than that for similarly constituted C=NOH 
compounds.3 The results show that oximino com
pounds including the amidoximes II and III have 
C =N  stretching bands at 6.14-6.24 ¡i. Form- 
amidoxime, ethyl amino-oximinoacetate (I, R = H  
and COOEt), and a series of other amidoximes (I, 
R = alkyl and aryl),2 however, absorb at 5.95-
6.02 p, i.e. approximately at the predicted wave 
length for C =N H  compounds both in neutral solu
tion and in the solid state.

The formation of the sodium salt of ethyl amino- 
oximinoacetate by reaction with sodium alkoxides 
is accompanied by a shift of the C = N  stretching 
band from 6.01 to 6.20 p (Table II), corresponding 
to an isomerization from the imino structure la  to 
the oximino structure lb, presumably due to the 
greater acidity of the latter. In neutral or acid sol
vents, in piperidine, and in the solid state the C =N  
band for this ester is found at values below 6.05 p 
and the compound is best represented by the imino 
structure la. The assignments of the C=-N fre-

(3) Calculations from force constants by E. Dan Lough- 
ran, Los Alamos Scientific Laboratory.

quencies are in agreement with the literature 
values.4

Unsubstituted amidoximes I (a or b) have NH 
deformation bands of medium intensity at 6.2- 
6.4 p (see also ref. 2) which must be absent in 
amidoximes corresponding to structures II and
III. Absorption bands at 10.50-10.87 p, assigned to 
N—O stretching,2’5 occur in all amidoximes which 
have been examined.

It may be concluded that the infrared evidence 
favors the imino structure la  rather than the ox
imino structure for the unsubstituted amidoximes 
except in strongly basic solutions.

Subject co the usual limitations of deducing struc
ture from reactions, this conclusion is further indi
cated by the action of formaldehyde on amidoximes. 
Ethyl amino-oximinoacetate (I, R = COOEt) fails 
to react to any appreciable extent with formalde
hyde in aqueous solution. Formamidoxime (I, 
R = H), on the other hand, gives a good yield of a

(4) S. Califano and W. Lüttke, Z. physik. Chem,., N.F., 
5, 240 (1955) ; 6, 83 (1956); J. Fabian, M. Legrand, and P. 
Poirier, Bull. soc. chim. France, 10, 1499 (1956); G. Duyc- 
kaerts, Bull. soc. roy. sci. Liege. 21, 196 (1952).

(5) A. Palm and H. Werbin, Can. J . Chem., 32, 858 
(1954).
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crystalline alcohol, which is stable at 0° but is 
gradually dehydrated at 26°. The dehydration can 
bo accelerated in boiling benzene and the formed 
water removed as benzene azeotrope. The dehydra
tion product is a polymer rather than a trimethyl- 
enetriamine derivative which is the expected prod
uct if formaldehyde reacts with the amide nitro
gen of structure lb.

Compounds II and III have been prepared by 
animation of the respective hydroxamie acid chlo
rides with piperidine.

E X P E R IM E N T A L 6

Formamidoxime, ethyl amino-oximinoacetate, «-oxlmino 
esters, and a-oximino acids were prepared according to 
literature methods. I t was found, however, that ethyl 
amino-oximinoaceta:e could be prepared much more easily 
by animation of ethyl chloro-oximinoacetate.

Ethyl amino-oximinoacetate. Ethyl chloro-oximinoacetate 
(1.0 g., O.OOOG mole), dissolved in 50 ml. of dry ether, was 
treated with dry ammonia gas at 0°. The precipitated am
monium chloride was filtered with suction and the filtrate 
was evaporated under reduced pressure. The crystalline 
residue, m.p. 97-98°, weighed 0.51 g. (58%) and did not 
depress the melting point of authentic material.

The sodium salt was obtained as a yellow' so.id in 97% 
yield by evaporating an ethanol solution of the ester (0.002 
mole) and sodium ethoxide (0.002 mole) i:i a high vacuum 
a t room temperature.

-lnaZ. Calcd. for ChH-XoXaO;?: Xa, 14.92. Found: Xa,
15.08.

Ethyl piperidino-oximinoacetate (II). Ethyl chloro-oximino
acetate (2.0 g., 0.014 mole) in 100 ml. of dry ether was 
treated with shaking at 0° with a solution of piperidine 
(2.4 g., 0.028 mole) in 50 ml. of ether. The precipitated hy
drochloride was filtered after 0.5 hr. at 0° and 1.5 hr. at 
25° and the filtrate was evaporated under reduced pressure. 
The pale yellow oil (2.7 g., 96%) was distilled from a molecu
lar still and boiled at 120° (0.05 mm.), nyf 1.5042, yield
1.26 g.

Anal. Calcd. for C9Hi6N20a: C, 53.99; H, 8.05; X, 14.00. 
Found: C, 54.60; H, 8.13; X, 13.79.

Hydroxijmethylformamidoxime. Formamidoxime (3.0 g., 
0.05 mole) was dissolved in 5 ml. of water and 5 ml. of 95% 
ethanol. To this solution was added with stirring formalin 
(5 ml., 0.06 mole) and the warm mixture was cooled to 0°. 
The solid mass was diluted with an equal volume of 95% 
ethanol, filtered, washed with ethanol and ether, and dried, 
yielding 2.8 g. (62%), m.p. 102-103° (dec.), X(C =  X) 5.95 y, 
X(XH def.) 6 31 y. OH, NH, and GH stretching bands were 
not resolved in KBr.

Anal. Calcd. for C2H6X20 2: C, 26.67; H, 6.71; N, 31.11. 
Found: C, 26.26, 26.24; H, 6.74, 6.67; N, 31.07.

The solid alcohol was stable at 0° but liquefied on stand
ing a t room temperature over a period of several weeks. 
The infrared spectrum of the product was identical with 
that of the polymer below.

Poly(melhylenefor'namidoxime). Hydroxymethvlforma- 
midoxime (0.53 g., 0.0059 mole) was suspended :n 25 ml. of 
benzene and refluxed over a water trap for 24 hr. A red in
soluble resin separated from solution and a drop of water 
collected in the trap. The resin weighed 0.42 g. (98%) and 
had broad bands in the infrared at 3.15 y (GH), 6.01 y 
(C = X), and 13.0 y. I t  was insoluble in acetone (suggesting 
cross-linking), benzene, and chloroform.

Anal. Calcd. for C2H4X ,0: C, 33.32: II, 5.59; X, 38.89. 
Found: C, 32.87, 33.56; H, 6.84, 6.72; X, 38.83, 39.39.

(6) Microanalyses by M. J. Naranjo. All temperatures 
are uncorrected.

Infrared absorption spectra were determined with a Perkin- 
Elmer Model 21 spectrophotometer with sodium chloride 
prisms in matched cells of 0.1-mm. path length for solutions 
and in KBr pellets of 0.5-mm. thickness for solids.

University of California
Los Alamos Scientific Laboratory
L o s  A l a m o s , X. M.

M echanism  o f Reduction o f A lkylm ereuric 
Salts w ith  Sodium  S tan n ite

T. G. T raylor and S. Winstein 

Received May 23, 1958

Three methods generally employed to reduce 
alkylmereuric salts to dialkylmercury compounds 
are the following:

2 RHgX — >- R.Hg

1. X ,IL
2 . X a2S20 2
3. Xa2Sn 0 2

The first has been shown to result in racemization 
about the carbon-mercury bond, suggesting forma
tion of free radical intermediates.1'2 The second 
method, applied to 3-bromomercuricamphor,2 gives 
rise to retention of configuration, suggesting an Se2 
mechanism.3 Using the third method, Sand4 iso
lated an intermediate mercurous compound R- 
HgHglt which decomposed to RJIg on heating. 
For this transformation of the mercurous inter
mediate to RJIg and mercuiy one can visualize 
either some type of rearrangement process involving 
retention of configuration or a free radical mecha
nism permitting racemization, such as the following:

RH gH gR — >  RHg- +  Hg +  R- 

RHg- +  R ------>- R IIgR

In this connection the reduction of frans-2-meth- 
oxycyclohexylmercuric iodide (I) is of interest.

II

¿rans-2-Methoxycyclohexylmercuric iodide (I) 
was reduced to a dialkylmercury II, which was not 
examined directly, but was converted with mercuric

(1) G. F Wright, Can. ./. Chew., 30, 268 (1952).
(2) O. A. Reutov and Tsin-Chzhu Lu, Doklady. Akad. 

Nauk. S.S.S.R., 110, 575 (1956); Chem. Abslr., 51, 8042
(1957).

(3) S. Winstein, T. G. Travlor, and C. S. Garner, J. 
Am. Chem. Soc., 77, 3741 (1955).

(4) J. Sand, Ber., 34, 2913 (1901).
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chloride to methoxycyclohexylmercuric chloride. 
Since electrophilic substitution by mercuric chlo
ride on 2-methoxycyclohexylmercury compounds in 
ether is known to proceed with retention of con
figuration,3 the configuration of the final 2-meth- 
oxycyclohexylmercuric chloride may be used as a 
guide to file configuration of the dialkylmercury II.

The 2-methoxycyclohexylmercuric chloride pro
duced from the dialkylmercury II proved to be a 
mixture of the trans- and cfs-isomers III and IV, 
quite analogous to the mixture obtained by Wright 
from the use of hydrazine.1 The irans-isomer III 
crystallized directly from the reaction mixture in 
relatively pure form. The cfs-isomer IV was ob
tained in pure form by treatment of the residual 
methoxycyclohexylmercuric chloride with hot ace
tic acid, taking advantage of the much greater rate 
of elimination displayed by the irans-compound 
compared to the cis-isomer.3

Retention of configuration is not complete dur
ing conversion of 2-methoxycyclohexylmercuric 
iodide (I) to dialkylmercury II with sodium 
stannite, the most likely explanation being that 
intermediate methoxycyclohexyl free radicals are 
involved. The as-2-methoxycyclohexylmercuric 
chloride (IV) represented ca. 15% of the product 
from mercuric chloride cleavage of the dialkyl
mercury II, less than the figure of 25% which would 
result if the methoxycyclohexyl radical showed 
equal preference for trans- or cfs-configurations in 
the bond-making step of the reaction leading to 
dialkylmercury II. While some preference for the 
Zrans-configuration seems indicated, more quanti
tative interpretation is precluded by the low yield 
of dialkylmercury II obtained from reduction of 
inms-2-methoxycyclohexylmercuric iodide (I).

E X P E R IM E N T A L

A 45 g. (0.1 mole) quantity of I was treated with excess 
sodium stannite by a standard procedure.5 The resulting 
crude liquid II, testing negatively for halogen, was ob
tained in 13% yield. From treatment of this material with 
an equivalent quantity of mercuric chloride in 40 ml. of ether 
was obtained an 89% yield of mixed 2-methoxycyclohexyl- 
mercuric chlorides I II  and IV, m.p. 92-106°, m.p. 88-106° 
after one recrystallization from methanol.

The treatment of the di-(methoxycyclohexyl)mercury(II) 
with mercuric chloride was repeated using 4.6 g. of II and 
2.94 g. of mercuric chloride in ca. 75 ml. of technical grade 
ether. After 3 min. a t room temperature, 2.40 g. of a rather 
pure white solid crystallized out, m.p. 111-112°, mixed 
m.p. with authentic III  111-112°, mixed m.p. with authentic 
IV 87-92°. When the ethereal filtrate was evaporated to 
dryness, 4.94 g. of a solid containing only traces of mercuric 
chloride was obtained. A 0.78-g. sample of this residue was 
heated in 3 ml. of glacial acetic acid to 100° for 5 min. 
Then the resulting solution was poured into 50 ml. of 6N  
sodium hydroxide, mercuric oxide precipitating and the cis- 
mercurial IV being converted to the soluble hydroxide. 
After removal of the mercuric oxide by centrifugation, the 
alkaline supernatant was poured into a solution of 2 g. of

(5) S. Winstoin and T. (.1. Traylor. J. Am. Chun. Soc.,
77, 3751 (1955); See preparation of di-s-butylmercury.

sodium chloride in 20 ml. of water and acidified with glacial 
acetic acid. The white solid which precipitated weighed 
0.125 g. (11%) and melted a t 108.5-111°, mixed m.p. 112— 
113° with authentic IV, mixed m.p. 88-95° with III. The 
material gave a negative test3 for III.

D epartment of Chemistry 
University of California at Los Angeles 
Los Angeles 24, Calif.

Concerning the Synthesis o f M ethyl ( 1 1 - 
Deoxycorticosteron-21-yl 2 ,3,1 -Tri- O -acetyl- 

(S-D-glucosid)uronate

W. Werner Zorbach

Received May 26, 195S

In response to a need for a water-soluble deriva
tive of 31-deoxycorticosterone (I), the preparation 
of a 21-glucosiduronic acid was undertaken. The 
preparation of the 21-glucoside of I has been 
previously reported,1 as well as the 21-glucosides of 
both cortisone and 17a-hydroxy-l 1-deoxycorticos
terone2; however, the solubility in water of these 
derivatives is limited.

Particularly significant is the coupling of methyl
2.3.4- tri-O-acetyl-l-bromo-l-deoxy-a-D-glucuro- 
nate (III) with 21-acetoxy-3a,17a-dihydroxypreg- 
nane-ll,20-dione.3 The protecting groups were not 
removed, however, and the glucosiduronate thus 
secured was compared directly with the methylated 
and fully acetylated derivative of the glucosiduronic 
acid recovered from the urine after administration 
of 3 a, 17a,21 -trihyd roxypregnane-11,20-di one. This 
work strongly supports the general belief that 
conjugation of glucuronic acid with metabolic re
duction products of corticoids, as well as of cer
tain steroid hormones, takes place at C(3). Re
ported also is the synthesis of the 3,21-bis(methyl
2.3.4- tri-0-acetyl-/3-o-glucosiduronate) of 3d, 17a,-
21-trihydroxyaZ/oprcgnan-20-one.4 Both of these, 
however, are conjugates of inactive corticoids. The 
preparation of a 21-glucosiduronic acid of 11-deoxy
corticosterone (I) would be of especial interest for 
I is an active corticoid; further, the attachment of 
the glucuronic acid would be at a point other than 
C(3). Such a derivative might, therefore, display 
interesting biological properties.

(1) (a) W. S. Johnson, J. Am. Chem. Soc., 63, (1941); 
(b) K. Mies-cher, W. H. Fischer, and C. Meystre, Helv. 
Chim. Acta, 25, 40 (1942).

(2) C. Meystre and K. Miescher, Helv. Chim. Acta, 34, 
2286(1951).

(3) J. J. Schneider, M. L. Luobart, P. Levitan, and S. 
Lieberman, J. Am. Chem. Soc., 77, 4184 (1955).

(4) H. H. Wotiz, J. II. Leftin, E. Smakula, and N. N. 
Lichtin, Abstracts, Div. Biol. Chem., American Chemical 
Society 131 National Meeting, April 1957, p. 58C.
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II

Treatment of 11-deoxycorticostcrone with methyl
2,3,4-tri-O-acetyl-l-bromo-l-deoxy-a-D-glucuronate
(III) under conditions essentially the same as de
scribed by Meystre and Miescher2 in their modi
fication of the Konigs-Knorr synthesis gave 52% 
of methyl (ll-deoxycorticosteron-21-yl 2,3,4-tri-
0-acetyl-/3-D-glucosid)uronate (IV). Attempts, how
ever, to secure a crystalline 21-glucosiduronic acid 
of I were unsuccessful. Removal of the blocking 
groups from the sugar moiety of IV by various 
hydrolytic measures always resulted in a hygro
scopic glass-like material, which could not be 
brought to a state of sufficient purity for a satis
factory analysis. Attempts to determine the neu
tral equivalent of the amorphous material resulted 
in values which deviated 10-15% from the cal
culated value. The substance gave an acid reaction, 
was extremely soluble in water, and reacted with 
diazomethane to give a methylated derivative which 
was likewise amorphous.

An alternate route to IV was investigated in 
which application of an ingenious oligosaccharide 
synthesis, recently described by Bredereck and co
workers,5 was made. Thus, by converting I to 21- 
trityloxyprogesterone (II) and allowing the latter 
to react with molar equivalents of III and of silver 
perchlorate at 0°, IV was obtained and subsequently 
identified by ultraviolet and infrared spectral 
comparisons. Although this reaction was virtually 
instantaneous, yields were of a very low order. 
In spite of this, the latter method may have some 
value, particularly in cases where heat-sensitive 
acylglycosyl halides are involved. Extension of this 
work relative to the preparation of the 21-gluco
siduronic acid derivatives of other active corti- 
coids is in progress in this laboratory.

E X P E R I M E N T A L

All melting points were determined using a Kofler hot- 
stage.

Methyl (ll-deoxycorticosteron-21-yl 2,3A-tri-O-acetyl-fl-'D- 
glucosid) uronate (IV) via the Konigs-Knorr Syntheses. To a

(5) H. Bredereck, A. Wagner, and G. Faber, Angew. 
Chem., 69, 438 (1957).

magnetically stirred solution c-f 500 mg. (1.5 mmole) of 11-
deoxycorticosterone (I) in 80 ml. of anhydrous carbon 
tetrachloride was added 1450 mg. of dry silver carbonate. 
By heating the flask and consents in an oil bath, approxi
mately one-half of the solvent was caused to distill over a t 
a moderate rate. The flask was then fitted with a  graduated 
dropping funnel which contained a solution of 1500 mg. of 
methyl 2,3,4-tri-0-acetyl-l-bromo-l-deoxy-a:-D-glucuronate
(III) in 40 ml. of anhydrous carbon tetrachloride. This 
was added drop-wise to the stirring mixture in the flask over 
a period of 1  hr., during which time the solvent from the 
reaction flask was permitted to distill over at the same rate. 
Finally, the temperature of the bath was adjusted so that 
an additional 2 0  ml. of the solvent distilled over during a 
period of 40 min.

To the material remaining in the flask was added 20 ml. 
of acetone and a small amount of Darco. The solution was 
filtered by suction and evaporated in vacuo a t 40°, yielding 
a sirupv residue which was triturated with ether-ethanol 
(1-1). The crude crystalline material thus obtained was 
recrystallized three times from absolute ethanol giving 511 
mg. (52%) of material melting a t 201-207.5°. Repeated 
crystallization from absolute ethanol gave pure IV, m.p. 
205-207.5°, [a ] 2D0 0  + 6 8 ° (c 2.0, CHCh), X‘% 240 mM (4.2).

Orientation at the glyeosidic linkage in IV was deter
mined by the method of molecular rotational additivities 
according to Klyne . 6 Calcd. for [M] [11-deoxycorticosterone
(I) +  [M] [methyl (methyl 2,3,4-tri-O-acetyl-a-D-glucosid) 
uronate]7“: +587° +  605°'= +1192°. Calcd. for [M] (I) +  
[M] [methyl (methyl 2,3,4-tri-O-acetvl-^-D-glucosid) uro
nate] :7b +  587° -  i01° =  +486°. Found for [M] (IV): 
+  439°. The glyeosidic linkage in IV has, therefore, the d 
configuration.

Anal. Calcd. for C34H 46O1 2 : C, 63.18; H, 7.13. Found: C, 
62.89; H, 7.26.

21-Trityloxyprogesterone (II). To a solution of 990 mg. 
(3.0 mmole) of 11-deoxycorticosterone (I) in 3.0 ml. of anhy
drous pyridine was added 921 mg. of trityl chloride. The solu
tion was warmed on a steam bath (under exclusion of mois
ture) for 3 hr., then extracted successively with N  sulfuric 
acid, dilute sodium bicarbonate, and water. The dried ex
tract was evaporated in vacuo at 40°, the oily residue tr it
urated with absolute ethanol, and the resulting crystalline 
material recrystallized once from the same solvent, yielding 
1161 mg. (67%) of material melting at 168-172°. Repeated 
recrystallization from dry g-propanol gave analytically pure 
21-trityloxyprogesterone (II), m.p. 17CL-1730, [«]d°° +90.2°.

Anal. Calcd. for CmHmOs: C, 83.87; H, 7.74. Found: 
C, 83.57; H, 7.89.

The conversion of 21-tritylozyprogcsterone (II) to IV.  To a 
solution of 191 mg. (0.33 mmole) of II  and 69 mg. (0.33 
mmole) of silver perchlorate in 4 ml. of pure, anhydrous 
nitromethane previously cooled to 0 °, -was added a solution 
of 132 mg. (0.33 mmole) of the bromide III  in the same 
solvent. The mixture wras filtered immediately to remove in
soluble by-products, the filtrate dissolved in methylene chlo
ride, and extracted rapidly with aqueous sodium bicarbonate. 
After drying over sodium sulfate, the extract was evapo
rated in vacuo a t 40° and the oily residue dissolved in a small 
amount of absolute ethanol. B}̂  refrigerating for 24 hr., 11 
mg. (5%) of IV w7as secured which, when recrystallized 
twice from absolute ethanol, melted a t 205.5-208°,
240 mp (4.2). When admixed with a specimen obtained in 
the foregoing preparation, no depression in the melting 
point was observed. The ultraviolet and infrared spectra 
of IV prepared by the two routes were identical in all 
respects.

(6 ) W. Klyne, Proc. Biochem. Soc., 288 Meet., Biochem. 
J., 47, x li (1950).

(7) E. Hardegger and D. Spitz, Helv. Chim. Acta, (a) 32, 
2165 (1949); (b) 33, 337 (1950).
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D esulfurization  o f  T hiiranes w ith  T riethyl 
P h osph ite

R obert D. Schuetz and R ichard L. J acobs1 

Received May 28, 1958

Recently Scott has reported2 that the reaction 
of ethylene oxides with triethyl phosphite, results 
in the reduction of the epoxide to the corresponding 
olefin and oxidation of the phosphite to phosphate. 
For example, when equivalent amounts of triethyl 
phosphite and either ethylene or propylene oxide 
were heated in a stainless steel bomb at 150-175° for 
several hours, high yields of the corresponding ole
fin and triethyl phosphate were obtained.

In the course of recent investigations in these 
laboratories concerned with the synthesis and ring 
opening reactions of unsymmetrically substituted 
thiacycloalkanes, it was observed that heating an 
equimolar mixture of triethvl phosphite and a 
thiirane at its reflux temperature for a short period 
of time resulted in the formation of triethyl thio- 
nophosphate with the simultaneous conversion 
of the thiirane to its corresponding unsaturated 
compound.

/ S\
RCH2CH—CH2 +  (C2II50 )3P — >■

RCHoC H =C H 2 +  (C.H50 )3PS
R = H, Cl, CHsO

With regard to the reaction of thiiranes with 
triethyl phosphite, a mechanistic interpretation 
similar to that offered by Scott2 may be applicable. 
Thus, a nucleophilic attack by phosphite on either 
ring carbon atom could produce intermediates 
such as the following

(C2H„0)sP <  h e w  and/or (C2H50 )3P< >CHR; 
X CH/  X C H /

R

(C2H60 )3P+CHRCH2S - and/or (C2HsO)3P+CH2CH RS-

A subsequent rearrangement of such intermediates 
could then account for the observed products

(C2H50 )3P<

s s-
>c h 2 or (C2H50 )3Px  y

CH c h 2
R

C H R -

(C2H60 )3PS +  RCH2C H = C H 2

However, while the above mechanism would 
satisfactorily account for the observed products, 
the recent work of Bordwell3 and collaborators on
1,2 elimination reactions of thiacyclopropanes 
with organolithium compounds, which give rise to 
olefins, would suggest an alternative mechanism 
in which direct attack by phosphite on sulfur oc
curs. This mechanism can be formulated as,

(EtO)3P

CH3
I

/C H
< 1

x c h 2

c h 3
I

/H C :
(EtO)3P—S<

X CH2
c h 3
I

(EtO)3PS +  CH

< k

The first step in the reaction is facilitated by co
ordination of sulfur with phosphite and breaking of 
the carbcn-sulfur bond. This yields a pair of elec
trons which could initiate a 1,2-elimination reaction 
resulting in the simultaneous formation of olefin 
and thionophosphite. I t was found that the ethyl
ene sulfides react readily under the mild conditions 
described in the experimental section while the cor
responding ethylene oxides gave little or no re
action under the same experimental conditions.

The present work extends the list4 of types of 
organosulfur compounds that are desulfurized by 
triethyl phosphite.

Preliminary results indicate that a wide variety of 
thiiranes are susceptible to this desulfurization 
process. In each instance, the reaction yields, within 
experimental limits, quantitative amounts of 
triethyl thionophosphate and the unsaturate under 
much milder conditions than those employed with 
the oxygen analogs.

(1) Abstracted in part from the doctoral thesis of R. L. 
Jacobs.

(2) C. B. Scott, J. Org. Chem., 22,1118 (1957).

EXPERIMENTAL

Materials. Propylene oxide and epichlorohydrin were ob
tained from commercial sources and were used as received.

(3) F. G. Bordwell, H. M. Anderson, and B. M. P itt, J. 
Am. Chem. Soc., 76, 1082 (1954).

(4) (a) H. I. Jacobsen, R. G. Harvey, and E. V. Jensen, 
J. Am. Chem. Soc., 77, 6064 (1955); (b) F. W. Hoffman, R. 
J. Ess, T, C. Simmons, and R. S. Hanzel, J. Am. Chem. Soc.,
78, 6414 (1956); (c) C. Walling and R. Rabinowitz, J . Am. 
Chem. Soc., 79, 5326 (1957).
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Methyl glycidyl ether was obtained by the method of Pol
lard.5 6 The thiiranes were prepared from the corresponding 
epoxides following the procedure of Bordwell and Anderson.6 
Triethyl phosphite was obtained from the Virginia-Carolina 
Chemical Corporation and purified prior to use by distilla
tion from metallic sodium.

Reaction of 2-chloromethylthiiranc with triethyl phosphite. 
A mixture of 21.0 g. (0.20 mole) of 2-chloromethylthiirane 
and 33.2 g. (0.20 mole) of triethyl phosphite was distilled at 
atmospheric pressure employing a 30 cm. Fenske type 
column, removing distillate at such a rate that the distillate 
temperature remained in the range 45-46°. At the end of a 
5 hr. period the temperature of the residual material remain
ing in the distillation flask had reached 180°. At this point
14.8 g. (0.195 mole) of allyl chloride had been obtained as 
distillate. Redistillation of the chloride gave 14.6 g. (0.190 
mole), a 95% yield of allyl chloride, b.p. 44.8-45°/741.4 
mm., n2 3D5 1.4116. Literature values,7 b.p. 44.7-44.8/760 mm., 
n2D5 1.4116. Distillation of the liquid residue in the distillation 
flask under reduced pressure afforded 39.6 g. (0.20 mole) of 
triethyl thionophosphate distilling at 82-83°/5 mm., ra2D5 
1.4460, n2D° 1.4481. The reported4,6 physical constants of 
thionophosphate are: b.p. 45°/0.5 mm., 105-106 7 2 0  mm., 
n2̂  1.4480, n2o 1.4461. Thus, a quantitative yield of triethyl 
thionophosphate was obtained. When the original distilla
tion residue was heated above 180° or kept a t about that 
temperature for long periods of time, the liquid became dark 
colored and subsequent distillation failed to give quantita
tive yields of triethyl thionophosphate. A possible explana
tion of this is found in the work of Emmett and Jones8 who 
observed tha t thionophosphates readily undergo thermal 
isomerization to phosphorothiolates.

Reaction of 2-methylthiirane with triethyl phosphite. A mix
ture of 14.8 g. (0.20 mole) of 2-methylthiirane and 33.2 g. 
(0.20 mole) of triethyl phosphite was distilled employing 
the experimental procedure described above except that 
bromine-carbon tetrachloride traps were installed to collect 
any propylene liberated. At the end of 3 hr. of distillation the 
temperature of the residue had reached 180° at which point 
heating was discontinued. Vacuum distillation of the liquid 
residue gave 39.2 g. (0.199 mole) a 99% yield of triethyl 
thionophosphate. Treatment of the materia’, in the bromine- 
carbon tetrachloride traps, following standard procedures, 
afforded a 97% yield of 1,2-dibromopropane, b.p. 137°/
734.6 mm, n2D° 1.5193. Literature9 values for this dibromide 
are: b.p. 139°-142°, n2D° 1.5194.

Reaction of 2-methoxymethyl ihiirane10 with triethyl phos
phite. Distillation of a mixture containing 20.8 g. (0.20 mole) 
of 2-methoxythiirane and 33.2 g. (0.20 mole) of triethyl 
phosphite by experimental techniques already described 
gave a 94% yield of methyl allyl ether, b.p. 42°/746.5 mm, 
n2D0 1.3786. The reported11 1 physical constants for allyl ether 
are: b.p. 42.5-4377.57 mm, n2D5 1.3778-1.3803. The other 
product in this reaction, triethyl thionophosphate, was ob
tained in a 96% yield.

K edzie Chemical Laboratories
Michigan State University
E ast Lansing, M ich.

(5) H. Flores-Gallard and C. B. Pollard, J. Org. Chem., 
12, 831 (1947).

(6) F. G. Bordwell and H. M. Anderson, J. Am. Chem. 
Soc., 75, 4959 (1953).

(7) C. A. Vernon, ./. Chem. Soc., 4462 (1G54).
(8) W. G. Emmett and H. O. Jones, J. Chem. Soc., 99, 

713 (1911).
(9) M. S. Kharasch, J. C. McNab, and M. C. McNab, 

Am. Chem. Soc., 57, 2463 (1935).
(10) The preparation and properties of unsymmetrically 

substituted thiiranes will be reported in a forthcoming 
publication.

(11) S. C. Irvine, J. A. Macdonald, and C. W. Soutar, 
J . Chem. Soc., 107, 337 (1915).

N itration  Studies. X . R eaction o f D initrogen  
Tetroxide w ith Hydrazides and Isocyan ates1

G. B r y a n t  B a c h m a n  a n d  W. M t c i i a l o w i c z 2

Received June 2, 1958

In its reactions with organic compounds, di- 
nitrogen tetroxide sometimes behaves like a 
pseudo halogen and sometimes like a mixed an
hydride of nitrous and nitric acids. Thus it reacts 
with aliphatic hydrocarbons to produce nitro 
alkanes in much the same way that chlorine pro
duces chloro alkanes. However it reacts with 
aromatic amines to produce diazonium salts in 
much the same way that nitrous acid does. In con
tinuing our efforts to clarify its chemical behavior 
we have investigated the reaction of dinitrogen 
tetroxide with acid hydrazides.

Carpino8 has recently shown that acid hydrazide 
hydrochlorides react with chlorine to give acid 
chlorides. However, much earlier Curtius4 showed 
that acid hydrazides react with nitrous acid to 
form acid azides, then isocyanates, and finally the 
solvolysis or solvation products of isocyanates. 
We have found that ethanoyl hydrazide reacts with 
dinitrogen tetroxide in a 1:1 mole ratio to give 
methyl amine nitrate, nitrogen, carbon dioxide, 
and acetic acid. The methyl amine nitrate was ob
tained in a 56% yield; the nitrogen and carbon 
dioxide evolved corresponded to 100% and 40% 
respectively of the expected amounts. The amount 
of acetic acid isolated was small, about 10% of 
theory, and probably arose from partial hydrolysis 
of the hydrazide or the azide. The methyl amine 
nitrate was identified by comparison with an au
thentic synthetic sample and by conversion to 
sodium nitrate and to the phenyl isothiocyanate 
derivative of methyl amine.

Butanoyl hydrazide reacts with dinitrogen 
tetroxide in an approximately 1:1 mole ratio to 
give propyl amine nitrate in 54% yield together 
with nitrogen, carbon dioxide, and some butyric 
acid.

The above reactions are assumed to proceed 
according to the following equations.

(1) RCONHNH: +  N .04— >  RCON., +  HNO, +  H ,0

(2) RCONs— >R N C O  +  N 2

(3) RNCO +  H20  — > RNHo +  C 0 2

(4) RNTH, +  HXO 3 -— >- RNH 3N 0 3

(5) RCONHNH, +  N 20 4 — RNH 3NO3 +  CO, +  N 2

(1) From the M. S. thesis of W. Michalowicz, Purdue 
University, January 1958.

(2 ) Present address: Koppers Company, Inc., Pittsburgh, 
Pa.

(3) L. A. Carpino, Chem. and Ind. {London), 123 (1956).
(4) T. Curtius, J. prakt. C hem . 50, 285 (1894).
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On mixing the reagents at ice bath temperatures, 
a vigorous reaction occurs. The resulting solution 
gives a positive test for azides. A steady evolution 
of gas develops and grows more vigorous as the 
temperature of the mixture is allowed to approach 
and exceed room temperature. This decomposition 
may be completed by warming the mixture on a 
water bath. The product remaining in the reaction 
flask is a solution of the amine nitrate in chloro
form contaminated with a small amount of the cor
responding carboxylic acid.

Since isocyanates are assumed to be interme
diates in the above reaction, it was decided to in
vestigate their behavior with dinitrogen tetroxide 
also. Phenyl isocyanate gives immediately a brown 
precipitate with liquid dinitrogen tetroxide. Upon 
complete evaporation of the excess liquid dinitro
gen tetroxide the brown solid explodes violently. 
However phenyl isocyanate reacts smoothly with 
dinitrogen tetroxide in chloroform solution in a 
1:1 mole ratio to yield benzene diazonium nitrate 
in 56% yield. The carbon dioxide evolved cor-
(6) C6H 5NCO +  N20 4 — > C6H5N2N 03 +  CO,

responds to 76% of the expected amount. The 
benzene diazonium nitrate decomposes slowly if 
left in the chloroform solution to form a tar from 
which o-nitrophenol may be isolated.
(7) C6H5N2N 0 3 — > N2 +  o-HOC6H4M02

Ethyl isocyanate reacts with dinitrogen tetroxide 
in chloroform solution in a 1:1 mole ratio to give 
ethyl nitrate, carbon dioxide, nitrogen and traces 
of ethylene and nitric acid. Since ethyl isocyanate
(8) C2H5NCO +  X20 4 — [C,H5N2N 03] +  CO,

(9) [C2H5N2N 0 3] — >  C,H50 N 0 2 +  N2
(10) c 2h 5o n o 2 — >- c ,h 4 +  h n o 3

reacts with dinitrogen tetroxide under anhydrous 
conditions to give ethyl nitrate instead of ethyl 
amine nitrate, it must be presumed that the forma
tion of amine nitrates by reaction of acid hydrazides 
with dinitrogen tetroxide requires the presence of 
the water generated in the first step of the reaction 
(Equation 1) to form the amine nitrate.

E X P E R IM E N T A L

Reaction of elhanoyl hydrazide with dinitrogen tetroxide. 
Ethanoyl hydrazide,5 m.p. 66.5-67.0°, 3.70 g. (0.05 mole), 
dissolved in 30 ml. of chloroform was placed in a 100 ml. 3- 
necked flask equipped with a dropping funnel, a gas inlet 
tube, and a gas exit tube leading to a gas buret. The system 
was flushed with dry nitrogen gas, cooled in an ice bath, and 
then 4.6 g. (0.05 mole) of dinitrogen tetroxide in 20 ml. of 
chloroform was added dropwise to moderate the vigorous 
reaction. A small sample of the reaction mixture was removed 
and found to give a strong positive test6 for an azide. The ice

(5) T. Curtius and T. S. Hofmann, J. prakt. Chem. [2] 
53, 524 (1896).

(6) Feigl, Spot Tests, Elsevier Publishing Company, Mew 
York, 1954, Fourth Edition, Vol. 1, p. 268.

bath was removed and the azide decomposed by warming 
gradually. The gases evolved were analyzed and found to 
contain 0.02 mole (40% theory) of carbon dioxide and 0.05 
mole (100%) of additional nitrogen. The liquid product 
was distilled a t 30° under diminished pressure (eventually 1 
mm.). An a.iquot of the distillate was titrated with base 
using phenclphthalein as an indicator. The results cor
responded to 0.005 mole of monobasic acid, shown to be ace
tic acid by conversion to its phenylhydrazine derivative, 
m.p. 127-i28° (lit. m.p. 128°).

The residue from the distillation solidified in part on cool
ing. Some of the solid was purified by recrystallization from 
ethanol and drying over phosphorus pentoxide under 
vacuum. I t  was identified as methylamine nitrate by its 
m.p. (108.0-108.5° in a sealed capillary tube), its mixture 
m.p. with an authentic sample, and its conversion to N- 
methyl-lV'-phenylthiourea, m.p. 113°, by treatment with 
base and then with phenyl isothiocyanate. The nitrate 
radical was identified by conversion to sodium nitrate, m.p. 
298-299°, on- mixing with aqueous sodium hydroxide and 
evaporating to dryness. An aliquot of the distillation residue 
was submitted to a Van Slyke analysis7 for a primary amine 
and yielded nitrogen gas corresponding to 0.028 mole (56% 
Held) of methylamine.

Reaction of butanoyl hydrazide with dinitrogen tetroxide. In 
an experiment similar to the above butanoyl hydrazide,8 
m.p. 46-47°, 24.5 g. (0.24 mole), in chloroform, 80 ml., was 
treated with dinitrogen tetroxide, 24.6 g. (0.275 mole), in 
chloroform, 80 ml., added over a period of 1.25 hr. At this 
time the solution gave a strong positive test for azide with 
ferric chloride solution. After warming carefully to decom
pose the azide, the product was distilled to remove the sol
vent and to obtain a small amount of butyric acid, 3.0 ml. 
The residue was extracted with ether, converted to propyl
amine with aqueous alkali, and to V-propyl-lV'-phenyl- 
thiourea, m.p. 62° (yield 54% based on butanoyl hydrazide), 
with phenyl isothiocyanate. The aqueous alkali layer gave 
sodium nitrate, m.p. 298-299°, on evaporation and re- 
crystallizaticn.

Reaction of phenyl isocyanate with dinitrogen tetroxide. 
Phenyl isocyanate, 5.95 g. (0.05 mole), in chloroform, 120 
ml., was treated with 4.6 g. (0.05 mole) of dinitrogen to- 
troxide in chloroform, 30 ml., a t 0-5°. The unstable brownish 
crystals of benzenediazonium nitrate which formed were 
quickly filtered and dried on filter paper; yield, 4.7 g. (56% 
theory); m.p. 85° (detonation). They coupled with 0- 
naphthol in basic solution to form the orange dye, 1-phenyl- 
azo-2-naphthol, m.p. 129-130°, and with ,8-naphthylamine 
to form l-phenylazo-2-naphthylamine, m.p. 100°.

In another experiment using the same amounts of react
ants the diazonium nitrate was not isolated and the reaction 
mixture was allowed to stand over night a t room tempera
ture. The gases evolved were collected in a gas buret and 
analyzed. They contained 0.038 mole (76%) of carbon di
oxide. Evaporation of the solvent left a tar from which o- 
nitrophenol, 1.25 g. (18%), was isolated by extraction with 
base, acidification, and recrystallization from ligroin. I te 
was identified by its m.p. of 45° and by conversion to 2- 
nitro-4-bromophenol, m.p. 116°.

Reaction of ethyl isocyanate with dinitrogen tetroxide. Ethyl 
isocyanate,9 25.27 g. (0.356 mole), was treated with 32.80 g. 
(0.356 mole) of dry dinitrogen tetroxide in 330 ml. of chloro
form at 0-5c. The mixture was allowed to warm to room 
temperature and the evolved gases were collected in a gas 
bluet. Analysis showed that they contained 0.290 mole 
(81.5%) of carbon dioxide, 0.314 mole (88.0%) of evolved 
nitrogen, and 0.018 mole (5.1%, based on one mole per mole 
of isocyanate) of ethylene. Distillation of the liquid product

(7) D. D. Van Slyke, J. Biol. Chem., 16, 121 (1913).
(8) R. Stolle, J. prakt. Chem., (2), 69, 486 (1904).
(9) K. H. Slotta and L. Lorenz, Ber. 58B, 1323 (1925).
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gave 13.0 g. of ethyl nitrate (40% theory), b.p. 85.0- 
85.4°, ri]f 1.3834. Its infrared spectrum was identical with 
tha t for an authentic sample of ethyl nitrate.

Department of Chemistry 
P urdue University 
Lafayette, I nd.

R eactions o f N ucleophilic R eagents wi tli 
Cyanuric Fluoride and Cvanuric Chloride

Daniel W. Grisley, J r., E. W. Gltjesenkamp, and 
S. Allen Heininger

Received June 2, 1958

Recently, the preparation of cyanuric fluoride (I) 
was reported.1 This novel compound was synthe
sized by reaction of cyanuric chloride with anti
mony trifluoride dichloride. It has been found in this 
laboratory that the action of potassium fluoro- 
sulfinate on cyanuric chloride yields a mixture of 
products as shown :

Cl N
Y ' T
NYj/N

Cl

Cl
+  k s o 2f

F Cl Cl

N i^ N  , , N t^ N
L jl + JL I + JL h

F ^ n ^ F  C U ^ t̂ F  
I II III

The physical properties observed are in essential 
agreement with those reported. Due to the novelty 
of the fluorine containing s-triazines, their infrared 
spectra are included, (Fig. 1).

Cyanuric chloride has long been known to react 
readily with nucleophilic reagents.2 Cyanuric

fluoride was reported to be hydrolytically unstable,1 
but its reactivity toward other reagents has not 
been established. Therefore, it was of interest to 
compare cyanuric fluoride and cyanuric chloride 
directly with respect to the replaceability of their 
halogens by certain bases. The results are sum
marized in Table I.

It can be seen that in contrast to the fluoride, the 
chloride yielded, in each case, a mixture of re
action products. The compositions of these mix
tures were determined qualitatively by their 
amount of residual chloride coupled with previous 
evidence that nucleophiles (1-3) and (5) involve 
stepwise replacement of chlorine.2 The reaction
(4) of cyanuric chloride with water, differs in that 
the intermediate chlorohydroxy s-triazines are 
more easily hydrolyzed Loan cyanuric chloride.3

From the data given in Table I, it is concluded 
that with the general types of reagents illustrated 
by the examples used that cyanuric fluoride is 
qualitatively more reactive or as reactive as cya
nuric chloride.

E X P E R IM E N T A L

Materials. Ether was of anhydrous analytical grade 
(Mallinckrodt). Tctrahvdrof iran was purified by washing 
repeatedly with 40% sodium hydroxide solution, dried over 
calcium chloride, and then distilled from sodium. Gaseous 
ammonia (Matheson) was passed over sodium hydroxide 
pellets and used directly. Diethylamine was purified by dis
tilling from sodium hydroxide pellets b.p. 55-56°, (lit., 
b.p. 55.5°).4 5 Aniline was distilled from zinc dust. Methanol 
(Mallinckrodt Reagent Grade) was purified by the method 
of Vogel.6 Cyanuric chloride (Matheson) was purified by 
preparing a saturated solution in dry chloroform, filtering 
off the insoluble solid and evaporating the filtrate to yield 
the pure material, m.p. 145-146°.

TABLE I
R eplacement of tiie H alogens of Cyanuric F luoride and Cyanuric Chloride by N ucleophiles under I dentical

Conditions »•!

Nucleophile
No. of 

Equivs.
Product from 

Cyanuric Fluor.de
Yield

or /0 Product from Cyanuric Chloride
Yield

%
1 Ammonia“ 2,4-Di:imino-6-fluoro-s-

triazine
90 2,4-Diamino-6-chloro-s-triazine and 2- 

amino-4,0-dichloro-s-triazine
2 Diethylamine 7.0 2,4-Bis(diethylamino)-6-

fiuoro-s-triazine
74 2,4-Bis(diethylamino)-6-chloro-s-triazine

oo

3 Aniline 6.0 Triphenylmelamine 1004 2,4-Bis(phenvlamino)-6-chloro s-triazine 1004
4 Water 5.5 Cyanuric acid 94 Mixture of cyanuric acid and cyanuric 

chloride
5 MethanoF 3.0 2,4,6-Tris(methoxy)-s-

triazine
77 2,4,6-Tris(methoxy)-s-triazine and 2- 

chloro-4,6-bis(methoxy)-s-triazine
“ An indeterminate excess was used. 4 Crude product. c Potassium carbonate added as HC1 acceptor.

(1) A. F. Maxwell, J. S. Fry, and L. A. Bigelow, J. Am. 
Chem. Soc., 80, 548 (1958).

(2) (a) J. T. Thruston, J. R. Dudley, I. Ilechenbleikner,
F. Schaefer, D. Holm-Hansen, J. Am. Chem. Soc., 73, 2981 
(1951). (b) D. W. Kaiser, J. T. Thurston, J. R. Dudley,
F. Schaefer, I. Ilechenbleikner, and D. Holm-Hansen, ~J. 
Am. Chem. Soc., 73, 2984 (1951). (c) J. R. Dudley, J. T. 
Thurston, F. Schaefer, D. Holm-Hansen, C. Hull, and P. 
Adams, J. Am. Chem.. Soc., 73, 2986 (1951) and other refer
ences contained therein.

Apparatus. For the reactions of cyanuric fluoride and 
cyanuric chloride with the nucleophilic reagents, a Mini- 
Lab (Ace Glass Inc.) reaction assembly was used. To in
sure dryness, immediately before use, the apparatus was 
fitted with a drierite tube, flamed, and allowed to cool. All

(3) J. L. Comp, private communication.
(4) Heilbron, Dictionary of Organic Com,potinds, Oxford 

University Press, New York, N. Y., 1953, Vol. II, p. 180.
(5) A. Vogel, Practical Organic Chemistry, Longmans

Green and Company, London, 1948, p. 168.
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Fig. 1. Infrared absorption spectra (neat): Curve A, cyanurie fluoride; Curve B, 2-chloro-4,6-difluoro- 
s-triazine; Curve C, 2,4-dichloro-6-fluoro-s-triazine

operations were carried out in a well-ventilated hood because 
of the extreme odor and lacrymatory properties of the fluoro- 
s-triazines.

Cyanuric fluoride, 2-chloro-4,6-difiuoro-s-triazine and 2,4- 
dichloro-6-fluoro-s-triazine. A finely-ground mixture of 
cyanuric chloride (368 g., 2 moles) and potassium fluorosul- 
finate (944 g.)6,7 was placed in a flask equipped with a 
mechanical Hershberg stirrer and a distilling head connected 
to an ice-cooled receiver. The apparatus was protected from 
moisture by a drying tube. The stirred mixture was heated 
slowly with an oil bath to 120°. At this temperature, a color
less liquid began distilling from the reaction mixture. The 
temperature was maintained at 120° until the rate of dis
tillation slowed noticeably; then the temperature was raised 
to 150° until distillation ceased. The clear distillate was re
distilled through a 12" helices-packed column. The following 
fractions w-ere collected:

Cyanuric fluoride (85 g., 0.62 mole, 31% yield), b.p. 69- 
71°. This fraction was redistilled to yield the colorless, 
sharp smelling lacrvmatorv liquid (76.2 g., 0.56 mole, 28% 
yield), b.p. 69.5-70.8°,8 (lit. b.p. 74°).>

Anal. Calcd. for C3F3N3: C, 26.68; F, 42.21; N, 31.11. 
Found: C, 26.85; F, 42.41; N, 31.22.9 6 7 8 9

(6) Seel, Anorg. Chem., 282, 293 (1955).
(7) Seel, Angew. Chem., 68, 461 (1956).
(8) All boiling points are uncorrected.
(9) Analyses were performed by the Schwarzkopf Micro- 

analytical Laboratory, Woodside 77, N. Y.

2-Chloro-4,6-difluoro-s-triazine (34 g., 0.22 mole, 11% 
yield), b.p. 107.8-109.5°, (lit. b.p. 113.5°).1

Anal. Caicd. for C3C1F2N3: C, 23.79; Cl, 23.40; F, 25.08; 
N, 27.73. Found: C, 23.84; Cl, 23.16; F, 25.33; N, 27.49.

2,4-Dichloro-6-fluoro-s-triazine (6.2 g., 0.06 mole, 3% 
yield), b.p. 59-60°/20 mm., (lit. b.p. 155°).1

Anal. Calcd. for C3C12FN3: C, 21.45; Cl, 42.22; F, 11.31; 
N, 25.01. Found: C, 21.62; Cl, 42.21; F, 11.12; N, 25.19.

Reactions of cyanuric fluoride and cyanuric chloride with 
nucleophilic reagents. Ammonia and cyanuric fluoride. Am
monia was passed into a solution of cyanuric fluoride (2.72 
g., 20 mmoles) in ether (50 ml.) at 0° for 1 hr. The ether was 
evaporated in vacuo a t room temperature and the residue 
washed with ice water, filtered, and the solid -washed with 
acetone and then with ether. The white solid was dried at 
50° in vacuo (20 mm.) to yield 2,4-diamino-6-fluoro-s-tri- 
azine (2.35 g., 18 mmoles, 90% yield).

Anal. Calcd. for C3H4FN5: C, 27.90; H, 3.12; F, 14.72; 
N, 54.25. Found: C, 27.98; H, 3.20; F, 14.90; N, 54.25.

Ammonia and cyanuric chloride. The procedure -was that 
used for cyanuric fluoride except tha t (3.68 g., 20 mmoles) 
of cyanuric chloride was used. The product wras washed 
with water until the aqueous filtrate was free of chloride 
ion. The product was pressed dry on a suction filter with a 
rubber dam for 3 hr. and then dried at room temperature 
at 0.5 mm. to constant weight. There wras obtained a white 
solid, crude 2,4-dichloro-6-amino-s-triazine (2.45 g., 15 
mmoles, 75% yield).23

Anal. Calcd. for C3H4C1N6: C, 24.76; H, 2.77; Cl, 24.37;
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N, 48.14. Anal. Calcd. for C3H2C12N4: C, 21.73; H, 1.22; Cl, 
42.79; N, 33.96. Pound: C, 24.08; H, 2.62; Cl, 36.58; N, 
36.48.

Diethylamine and cyanuric fluoride. A solution of cyanuric 
fluoride (1.36 g,, 10 mmoles) in tetrahydrofuran (5 ml.) 
waB added to a stirred solution of diethylamine (5.1 g., 70 
mmoles) in tetrahydrofuran (25 ml.) at 20° during 15 min. 
The reaction mixture was stirred for an additional 80 min. 
The tetrahydrofuran then was evaporated in vacuo (sur
rounding bath at 60°) to yield an oily residue. This was 
stirred for 15 min. with 50 ml. of water, extracted with 
ether, and the organic layer was dried (MgS04), filtered, 
and evaporated in vacuo to yield a colorless solid. There was 
obtained 2,4-bis(diethylamino)-6-fluoro-s-triazine (1.77 g.,
7.4 mmoles, 74% yield), m.p. 37-44°. A small amount of the 
material was sublimed (60°/0.5 mm.) to yield crystals, 
soften 37°, m.p. 44-45.5°.10

Anal. Calcd. for CuHjoFNe: C, 54.75; H, 8.35; F, 7.87; N,
29.03. Found: C, 54.79; H, 8.58; F, 8.08; N, 29.24.

Diethylamine and cyanuric chloride. The procedure was 
like that used for cyanuric fluoride except that (1.84 g., 10 
mmoles) of cyanuric chloride was used. The oily solid was 
dissolved in chloroform and the chloroform extracted with 
water until the aqueous phase remained neutral. The or
ganic layer was dried (Na2SC>4), filtered, and evaporated in 
vacuo to yield an oil which was taken to constant weight 
(25°/0.5 mm.). There was obtained crude 2,4-bis-(diethyl- 
amino)-6-chloro-s-triazine, (2.57 g., 10 mmoles, 100%).211

Anal. Calcd. for Cj,H20C1N5: C, 51.24; H, 7.82; Cl, 13.75; 
N, 27.17. Found: C, 50.67; H, 8.05; Cl, 12.72; N, 26.19.

Aniline and cyanuric fluoride. Cyanuric fluoride (1.36 g., 
10 mmoles) in tetrahydrofuran (10 ml.) was added over 5 
min. to a stirred solution of aniline (5.58 g., 60 mmoles) in 
tetrahydrofuran (25 ml.) at room temperature. The reaction 
mixture was stirred for 2 hr. The tetrahydrofuran was 
evaporated in vacuo to yield a white solid which was tritu
rated thoroughly with 5% HC1. The solid was filtered, washed 
with water until the filtrate remained neutral, and then 
dried in vacuo (80°/20 mm.) to constant weight. There was 
obtained crude triphenylmelamine (3.53 g., 10 mmole, 
100%), soften 215°, m.p. 222-227°, (lit. m.p. 229-231°).2b 
A small sample was sublimed (140°/0.5 mm.) to yield a 
white crystalline sublimate I, m.p. 222-227°,11 and a small 
amount of non-sublimated amorphous tan solid II, m.p. 
300°.

Anal. Calcd. for I, C2]H18N6: C, 71.17; H, 5.12; N, 23.71. 
Found: C, 69.74; H, 5.47; N, 19.98; F. 0.00.

Aniline and cyanuric chloride. The procedure and work-up 
followed those used for cyanuric fluoride except that (1.84 g., 
10 mmoles) of cyanuric chloride was used. The white solid 
was dried at (25°/0.5 mm.) to constant weight. There was 
obtained crude 2,4-bis(phenylamino)-6-chloro-s-triazine 
(3.05 g., 10 mmoles, 100%), m.p. 187-191°, (lit. m.p. 
199-201°).

Anal. Calcd. for CjsH^CINs: C, 60.49; H, 4.06; Cl, 11.91, 
N, 23.52. Found: C, 61.99; H, 4.49; Cl, 9.16; N, 22.89.

Water and cyanuric fluoride. A solution of cyanuric fluoride 
(2.72 g., 20 mmoles) in tetrahydrofuran (10 ml.) was added 
to a stirred solution of water (2.0 g., 110 mmoles) in tetra
hydrofuran (25 ml.) at 0° over 10 min. The tetrahydrofuran 
was evaporated at room temperature in vacuo to yield a 
white solid which was dried in vacuo (25°/0.5 mm.) to con
stant weight. There was obtained cyanuric acid (2.45 g.,
18.8 mmoles, 94%).

Anal. Calcd. for C3H3N30 3: C, 27.91; H, 2.34; N, 32.55. 
Found: C, 27.74; H, 2.56; N, 32.47; F, 0.00.

Water and cyanuric chloride. The procedure and work
up were those used for cyanuric fluoride except that (3.69 g., 
20 mmoles) of cyanuric chloride was used. There was ob

(10) All melting points were taken with a Fisher-Johns 
melting point apparatus and are uncorrected.

(11) Repeated recrystallization from hot 1-butanol did
not improve the purity of the product.

tained a white solid, a mixture of cyanuric chloride and cy
anuric acid12 1 (3.33 g.).

Anal. Calcd. for C3CI3N3: C, 19.54; Cl, 57.70; N, 22.79. 
Found: C, 20.76; H, 3.07; Cl, 48.07; N, 23.25.

Methanol and cyanuric fluoride. A solution of cyanuric 
fluoride (2.78 g., 20 mmoles) in tetrahydrofuran (10 ml.) 
was added to a stirred mixture of anhydrous potassium 
carbonate (8.2 g., 60 mmoles) and methanol (25 ml.) at 
10° over 5 min. The reaction mixture was stirred for 2 hi-, 
at room temperature, filtered, and the residue I was washed 
with chloroform. The chloroform was combined with the 
filtrate; the resulting mixture was evaporated in vacuo at 
room temperature to yield a white solid II. The solid II 
was triturated with cold water (50 ml.), pressed dry on a 
filter, and dried to constant weight in vacuo (95°/20 mm.). 
There was obtained 2,4,6-tris(methoxy)-s-triazine (2.65 g.,
15.5 moles, 77%), m.p. 133-135.5°, (lit. m.p. 134-1360).2*

Anal. Calcd. for C6H9N3Oa: C, 42.10; H, 5.29; N, 24.55. 
Found: C, 42.04; H, 5.44; N, 24.42.

Methanol and cyanuric chloride. The procedure and work
up were those used for cyanuric fluoride except (2.68 g., 20 
mmoles) of cyanuric chloride was used. The white solid was 
dried to constant weight on a suction filter with a rubber 
dam. There was obtained crude 2,4,6-tris(methoxy)-s-tri- 
azine (2.03 g., 12 mmoles, 60%), m.p. 94-120° (lit. m.p. 
134-136°).20

Anal. Calcd. for C6H6C1N30 2: C, 34.20; H, 3.45; Cl, 20.20, 
N, 23.93. Found: C, 39.43; H, 4.84; Cl, 5.43; N, 21.45.
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(12) The infrared spectrum of the solid (KBr disk) con
tained all the bands of cyanuric chloride in addition to those 
of cyanuric acid.

S y n th es is  o f  2 -C h lo ro p h en o th ia z in e  via a 
S m ile s  R ea rra n g em en t 1

R o b e r t  J. G a l b r e a t h 2 a n d  R o b e r t  K .  I n g h a m

Received June 3, 1958

2-Chlorophenothiazine (I) is the parent com
pound of chloropromazine [2-chloro-10-(3-dimeth- 
ylaminopropyl)phenothiazine] (II) and of re
lated biologically active substances. The principal 
method of preparation of 2-chlorophenothiazine 
involves the reaction of 3-chlorodiphenylamine with 
sulfur.3 Both the 2-chloro and 4-chloro isomers are 
obtained from this reaction; the 2-chloro derivative

(1) Abstracted from an undergraduate research project 
of Robert J. Galbreath, Ohio University, 1957.

(2) Present address: School of Medicine and Dentistry, 
The University of Rochester.

(3) P. Charpentier, P. Gailliot, R. Jacob, J. Gaudechon, 
and P. Buisson, Compt. rend., 235, 59 (1952); P. Charpentier, 
U. S. Patent 2,645,640 [Chem. Abstr., 49, 3268 (1955)]; 
British Patent 716,205 [Chem. Abstr., 50, 1929 (1956)].
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is the dominant isomer, although no yields appear 
in the reports.

Recently, a synthesis of 2-chlorophenothiazine 
from 2-bromophenyl 2-amino-4-chlorophenyl sul
fide (III) has been reported.4 5

Our synthesis of 2-chlorophenothiazine involves 
the following reactions :

A number of halophenothiazines have been 
prepared via the Smiles rearrangement and it is 
rather surprising that the synthesis of the impor
tant 2-chloro compound by this method has not been 
reported. Related compounds which have been 
prepared in this manner include the 3-chloro-,6’6
3-bromo-,7 3-iodo-,7 and 3-fluorophenothiazine.8

Roe and Little8 have attempted the preparation 
of 2-fluorophenothiazine from 2-formamidophenyl
5-fluoro-2-nitrophenyl sulfide. The desired sulfide 
was obtained but a subsequent rearrangement was 
not successful; an unidentified substance containing 
no fluorine was the only product isolated.

Similarly, an attempt to prepare 2-bromopheno- 
tbiazine from 2-acet,amido-4-bromophenyl 2-nitro- 
phenyl sulfide failed; the sulfide could not be made 
to undergo a Smiles rearrangement.9 An attempt

(4) P. J. C. Buisson, P. Gailliot, and J. Gaudechon, U. S. 
Patent 2,769,002 [Chem. Abstr., 51, 6709 (1957)].

(5) W. J. Evans and S. Smiles, J. Chem. Soc., 1263 (1935).
(6) H. L. Yale, J. Am. Chem. Soc., 77, 2270 (1955).
(7) J. Cymerman-Craig, W. P. Rogers, and G. P. War

wick, Australian J. Chem., 8, 252 (1955) [Chem. Abstr., 50, 
3449 (1956)].

(8) A. Roe and W. F. Little, J. Org. Chem., 20, 1577
(1955).

(9) R. Baltzly, M. Harfenist, and F. J. Webb, J. Am.
Chem. Soc., 68, 2673 (1946).

to deaminate 2-bromo-7-aminophenothiazine was 
also unsuccessful.9

Recently, Farrington and Warburton10 attempted 
the preparation of 2,8-dichlorophenothiazine by 
rearrangement and ring closure of 2-acetamido-4- 
chlorophenyl 5-chloro-2-nitrophenyl sulfide; rear
rangement occurred but heating with sodium hy
droxide, sodium ethoxide, or sodium isopropoxide 
in various solvents failed to give the phenothiazine 
compound. These authors concluded that a chlorine 
atom ortho or para to the nitro group interferes 
with ring closure.

Similarly, Fujii11 reported that 2-chloro-10- 
methylphenothiazine could not be obtained by 
subjecting 2-methylamino-4-chlorophenyl 2-nitro- 
phenyl sulfide to Smiles rearrangement conditions.

The above-mentioned work plus other literature 
reports12 left no doubt that the nucleophilic attack 
on 2,4-dichloronitrobenzene would take place 
preferentially at the 2-position. Indeed, the 2- 
aminophenvl 5-chloro-2-nitrophenyl sulfide (IV) 
was obtained in 78% yield. Acetylation occurred 
readily and, in spite of the discouraging reports 
mentioned above, rearrangement and subsequent 
ring closure were accomplished to give the desired 
2-chlorophenothiazine.

E X P E R IM E N T A L 13

%,i-Dichloronitrobenzene. There are numerous references in 
the literature to the preparation of 2,4-dichloronitrobenzene; 
almost all reports conclude that the method of choice is the 
nitration of rn-dichlorobenzene. Since all of the procedures 
for this reaction are somewhat short on detail,14 the following 
procedure is included.

To 75.0 g. (0.51 mole) of m-dichlorobenzene at 0° was 
added dropwise, with stirring, 140 ml. of fuming nitric acid 
(sp. gr. 1.50). The mixture was stirred at 0° for 1 hr.; it was 
then slowly warmed to 65“ and maintained at this tempera
ture for 20 min. After pouring the mixture into ice water, the 
resulting light yellow solid was removed by filtration and 
washed with water. This material was recrystallized from 
ethanol; the filtrate was twice heated, diluted and cooled to 
give additional product. The light yellow needles were 
washed with cold petroleum ether (b.p. 30-60°) and dried to 
give a total yield of 80.5 g. (82%) of 2,4-dichloronitroben
zene melting at 31.5-32°.

(10) K. J. Farrington and W. K. Warburton, Australian 
J. Chem., 9, 480 (1956) [Chem. Abstr., 51,4379 (1947)].

(11) K. Fujii, J. Pharm. Soc,., Japan, 77, 3 (1957) [Chem. 
Abstr., 51, 8756 (1957)].

(12) For a review of the reaction of nucleophilic reagents 
with 2,4-dihalonitrobenzenes, see J. F. Bunnett and R. J. 
Morath, J. Am. Chem. Soc., 77, 5051 (1955); see also, M. 
W. J. De Mooy, Rec. trav. chim., 35, 5 (1915) and J. F. 
Bunnett, Quart. Revs., 11,1 (1958).

(13) All melting points are uncorrected. Analyses were 
performed by Galbraith Microanalytical Laboratories, 
Knoxville, Tenn.

(14) A. F. Holleman, Rec. trav. chim., 23, 369 (1904); 
E. Roberts and E. E. Turner, J. Chem. Soc., 127, 2004 
(1925); L. M. F. van de Lande, Rec. trav. chim., 51, 98 (1932); 
and C. C. Price and G. A. Sears, J . Am. Chem. Soc., 75, 
3276 (1953),
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S-Aminophenyl 5-chloro-S-nitrophenyl sulfide (IV). To a 
solution of 3S.4 g. (0.20 mole) of 2,4-dichloronitrobenzene 
and 25.2 g. (0.20 mole) of 2-aminobenzenethiol in 670 ml. of 
isopropyl alcohol was added dropwise, with stirring, a solu
tion of 13.2 g. of 85% potassium hydroxide in 30 ml. of 95% 
ethanol. The mixture was then refluxed for 3 hr. After 
refluxing, a bright orange precipitate was present in the mix
ture.

The mixture was then evaporated, under vacuum, to dry
ness; the residual solid was washed well with water and air- 
dried. The crude product melted from 124-132°. Recrystal- 
lization from absolute ethanol gave 43.8 g. (78%) of orange 
crystals, melting at 132-133.5°. This material was employed 
in the subsequent experiment without further purification. 
An analytical sample of the 2-aminophenyl 5-chloro-2-nitro- 
phenyl sulfide melting at 135-136° was obtained by an addi
tional recrystallization from absolute ethanol.

Anal. Calcd. for C12H 9C1N20 2S: Cl, 12.63; N, 9.98; S, 
11.42. Found: Cl, 12.57; N, 9.93; S, 11.52.

S-Acelamidophenyl 5-chloro-2-nilrophenyl sulfide (V). A 
mixture of 16.3 g. (0.058 mole) of the above sulfide, 110 ml. 
of acetic anhydride, 7 ml. of pyridine, and 2 g. of charcoal 
was heated for 2 hr. on a steam bath and filtered hot. The 
pale yellow filtrate was concentrated to dryness, leaving
17.4 g. (93%) of a bright yellow solid. The material melted 
from 143-150° and was found suitable for the next experi
ment without further purification.

Recrystallization of a portion of the crude 2-acetamido- 
phenyl 5-chloro-2-nitrophenyl sulfide, first from benzene 
and then from absolute ethanol, gave an analytical sample 
as pale yellow needles, m.p. 154.4—155°.

Anal. Calcd. for Ci4HuC1N20 3S: Cl, 10.99; N, 8.68; S,
9.93. Found: Cl, 10.80; N, 8.77; S, 9.91.

2-Chlorophenothiazine (I). To 888 ml. of acetone was added 
a solution of 6.8 g. of 85% potassium hydroxide in 51 ml. of 
95% ethanol. After this mixture had been stirred and dif
fused with nitrogen for 15 min., 16.1 g. (0.05 mole) of the 
crude acetamido derivative was added and the solution was 
refluxed for 3 hr. Approximately 600 ml. of the acetone was 
removed by distillation under a nitrogen atmosphere; 500 
ml. of petroleum ether (b.p. 90-120°), and 700 ml. of water 
were then added to the residual liquid. A small amount of 
insoluble material present was removed by filtration. After 
separation of the two layers, the aqueous layer was washed 
with an additional 200 ml. of petroleum ether and the or
ganic layer was washed with 200 ml. of water. The combined 
petroleum ether solutions were dried over magnesium sulfate 
and reduced in volume to 60 ml. by distillation. Cooling, 
filtering, and washing the resulting precipitate with cold 
petroleum ether (b.p. 20^0°) gave 5.5 g. of a brown solid 
which melted from 180-193°, with prior shrinkage. This 
material was recrystallized (Norit) from xylene to give 4.3 
g. (37%) of pale yellow crystals melting at 194.5-196.5°. 
An additional recrystallization from xylene gave 3.6 g. of 
almost colorless crystals, m.p. 196-197°. A mixture melting 
point with an authentic sample15 of 2-chlorophenothiazine 
showed no depression; also, the infrared spectra16 of the two 
specimens were identical.

D e p a r t m e n t  o f  C h e m is t r y

O h io  U n iv e r s it y

A t h e n s , O h io

(15) The authors wish to express their appreciation to Dr. 
Eugene L. Wittle, Research Laboratories, Parke, Davis & 
Co., Detroit, Mich., who generously supplied a sample of 2- 
chlorophenothiazine.

(16) The authors acknowledge with gratitude the financial 
aid provided by the National Science Foundation for the 
purchase of the Perkin-Elmer Model 21 infrared spectro
photometer used in this study (NSF-G3912).

T ris(o -m eth o x y m eth y lp lien y l)p h o sp h i:n e

R. L. L e t s in g e r , J. R. N a z y , 1 a n d  A. S. H u s s e y

Received June 5, 1958

The intramolecular alkylation of the phosphine 
I or II would lead to the formation of III, an 
interesting new type of arylphosphine.

While electrophilic substitution in the aromatic 
rings of triphenylphosphine is difficult, the nitration 
of triphenylphosphine to tris(m-nitrophenyl) phos
phine oxide has been accomplished.2 Further, the 
intramolecular alkylation of I would involve a 
reaction-assisting six-membered cyclic transition 
state. Accordingly, we have examined the effect of 
acids on phosphine I, using reagents ranging from 
formic acid, sulfuric acid in acetic acid, liquid 
hydrogen fluoride, stannic chloride, and aluminum 
chloride to concentrated sulfuric acid. All attempts 
to effect cyclization of I to III, however, have been 
unsuccessful. Some tris(o-methoxymethylphenyl)- 
phosphine oxide was recovered from a run employ
ing aluminum chloride in nitromethane. Unreacted 
I and intractable tars were the only materials iso
lated from the other reactions.

Phosphine I was prepared by the reaction of
o-lithiobenzyl methyl ether with phosphorus tri
chloride, the lithium reagent having been ob
tained by interchange between n-butyllithium and
o-bromobenzyl methyl ether.3 The phosphine reacted 
normally with hydrogen peroxide and with iodine 
to give the phosphine oxide, and with methyl 
iodide to give the methylphosphonium iodide.

Cleavage of the ether functions with boron tri
chloride4 5 furnished tris(o-chloromethylphenyl)phos- 
phine, II. Eighty-five percent of II was recovered 
unchanged from a reaction in liquid hydrogen 
fluoride. Aluminum chloride in nitromethane, 
however, converted II to tris(o-chloromethyl- 
phenyl)phosphine oxide (87%).6 There was no 
indication that III was formed in either case.

(1) National Science Foundation Fellow.
(2) F. Challenger and J. Wilkinson, J. Chem. Soc., 125, 

2675 (1924).
(3) The corresponding Grignard reagent has been de

scribed by F. Holliman and F. G. Mann, J. Chem. Soc., 1634 
(1947).

(4) W. Gerrard and M. F. Lappert, J. Chem. Soc., 1486
(1952).

(5) The oxidizing agent may have been air. Triphenyl
phosphine is oxidized in air in the presence of aluminum 
chloride to triphenylphosphine oxide; D. R. Lyon and F. G.
Mann, J. Chem. Soc., 666 (1942).
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E X P E R IM E N T A L

Tris(o-methoxymethylphenyl)phosphine, I. Butyllithium 
(850 cc. of 0.86A7 solution; 0.73 mole) was dropped (2.5 
hr.) into a cold ( —75°), efficiently stirred solution of o- 
bromobenzyl methyl ether3 (141 g., 0.701 mole) in 300 cc. of 
dry ether under nitrogen. (Carbonation with Dry Ice of a 
similar reaction mixture permitted the isolation of 62% of o- 
methoxymethylbenzoic acid, m.p. 89-92°, showing that the 
interchange had proceeded as desired. Recrystallization 
from hexane raised the melting point to 95-95.5°.)6 7 1 2 3 The 
addition of 32 g. (0.233 mole) of phosphorus trichloride in 
100 cc. of ether over a period of 15 min., warming to room 
temperature, followed by stirring for 20 hr. and 1 hr. at re
flux converted the lithio derivative to the phosphine I. The 
reaction mixture was hydrolyzed by addition, with supple
mental cooling, of 350 cc. of saturated aqueous ammonium 
chloride. Concentration of combined ether extracts furnished 
large, colorless crystals of the phosphine; 43.7 g., m.p. 
105-106°. Another 8.8 g. of phosphine was collected on fur
ther evaporation of the solvent; total yield, 58%. Distilla
tion of the liquid residue yielded 35.7 g. (38%) of n-butyl 
bromide.

An analytical sample was prepared by recrystallization of 
the phosphine from 95% ethanol; m.p. 105.5-106°.

Anal.1 Calcd. for C24H210 3P: C, 73.08; H, 6.90. Found: 
C, 72.79; H, 6.91.

Tris(o-methoxymethylphenyl)phosphine oxide, (a) Oxida
tion with Iodine. To a solution of 0.82 g. of phosphine I in 
15 cc. of ether was added 0.6 g. of iodine in 30 cc. of ethanol 
and six drops of pyridine. In contrast to the reaction of tri- 
phenylphosphine with iodine, which decolorizes immediately, 
the iodine color in this preparation slowly faded during 20 
min. heating on a steam bath. Excess iodine was reduced 
by a few drops of sodium bisulfite solution, then 10 cc. of 
water was added to the chilled solution. The precipitate was 
washed twice with water and dried; 0.70 g. (81%) of crude 
oxide; m.p. 146.5-147.5°. Two recrvstallizations from alco
hol raised the melting point to 147-147.5°; weight 0.49 g. 
(57%).

Anal.1 Calcd. for C24H27O4P: C, 70.23; H, 6.63. Found: 
C, 69.87; H, 6.71.

(6) Hydrogen peroxide. Hydrogen peroxide (0.3 g. of 30% 
solution) with a few cubic centimeters of water was added to 
a solution of 0.90 g. of phosphine I in 20 cc. of acetone. 
Most of the acetone was removed in vacuo, leaving 0.92 g. 
(97%) of the phosphine oxide; m.p. 145-146°; 146-147° 
after recrvstallization. I t  did not depress the melting point 
of the oxide prepared by iodine oxidation.

Methyl tris(o-methoxymethylphenyl)phosphonium iodide. 
A mixture consisting of 1.42 g. of the phosphine I, 16.3 g. of 
methyl iodide, and 0.5 g. of fine copper wire was refluxed on a 
steam bath for 1 hr.; then excess methyl iodide was distilled. 
Removal of the copper left 1.93 g. (99%) of white crystals; 
m.p. 202-202.5°. Reactions carried out in the absence of 
copper developed a yellow color which was difficult to remove 
from the crystalline product. Two recrystallizations of the 
methiodide from ethanol gave 1.55 g. (80%) of product with 
a slightly higher melting point; 202.5-203°.

Anal.1 Calcd. for C25H30O3PI: C, 55.98; H, 5.64. Found: 
C, 56.29; H, 5.53.

Tris(o-chloromethylphenyl]phosphine, II. To 11.5 g. 
(0.098 mole) of boron trichloride in an ice cooled flask was 
slowly added 8.90 g. (0.0226 mole) of phosphine I. The mix
ture was kept cold for 8 hr., then 40 cc. of pentane was 
added and the mixture allowed to warm to room tempera
ture overnight. The caked solid was washed with water, 
heated to remove pentane, and washed again with water.

(6) G. R. Clemo and G. A. Swan, J. Chem. Soc., 617 
(1946). H. Gilman, G. E. Brown, F. J. Webb, and S. M. 
Spatz, J. Am. Chem. Soc., 62, 977 (1940), and J. V. Braun, 
E. Anton, and K. Weissbach, Ber., 63B, 2847 (1930).

(7) Carbon and hydrogen analyses by Miss H. Beck.

On drying 7.5 g. of solid, m.p. 117-131°, was obtained. 
Recrystallization from ethanol-water gave 4.03 g. of ma
terial melting at 132-137°. Subsequent recrvstallizations 
from alcohol and from chloroform raised the melting point to
140-141°.

Anal.1 Calcd. for C21H18C13P: C, 61.86; H, 4.45. Found: 
C, 62.02; H, 4.33.

This phosphine was converted to its oxide in 94% yield 
with 30% hydrogen peroxide by the procedure described 
above; m.p. 178-181°. Recrystallization two times from 
chloroform-pentane gave the pure oxide, m.p. 185-185.5°, 
which exhibited the characteristic strong absorption in the 
infrared at 8.45m attributed to P—O bonding.8,9

Anal.1 Calcd. for C21H18C130P: C, 59.52; H, 4.28. Found: 
C, 59.56: H, A33.

Reaction of II with aluminum chloride, (a) Nitromethane 
solvent. The chloromethvlphenylphosphine II, (0.42 g.) in 
15 cc. of nitromethane was added to a solution of 0.55 g. of 
aluminum chloride in 20 cc. of nitromethane and the mix
ture was heated on a steam bath for 40 hr. The mixture was 
poured into dilute hydrochloric acid and nitromethane was 
removed by steam distillation. On cooling, a brown solid 
(0.38 g., 87%) was recovered, m.p. 172-175°. Its infrared 
spectrum was the same as that of the phosphine oxide, IV.

(b) Aluminum chloride. To 1.1 g. of aluminum chloride in 
15 cc. of carbon disulfide was slowly added 0.75 g. of II in 15 
cc. of carbon disulfide. The solution immediately turned a 
deep red. After standing at room temperature for 2 hr. it was 
poured ontc ice, hydrochloric acid was added, and the 
organic layer was separated and washed with wrater, dried, 
and warmed to distill the carbon disulfide. Crystals (0.40 g., 
53%) of phosphine II, as shown by the infrared spectrum, 
remained. Recrvstallization from ether-pentane yielded 
0.30 g. of recovered phosphine, m.p. 135-137°. Some tars 
insoluble in ether or concentrated hydrochloric acid were also 
obtained from the reaction mixture.

D e p a r t m e n t  o f  C h e m is t r y

N o r t h w e s t e r n  U n iv e r s it y

E v a n s t o n , III.
(8) L. W. Daasch and D. C. Smith, Anal. Chem., 23, 853 

(1951).
(9) Our infrared spectra were taken in a Baird double 

beam recording spectrophotometer. The sample was dis
persed in a plate of potassium bromide.

2-N itro -9 ,1 0 -i/'-d in itro so p h en a n th ren e1

J. H. B o y e r  a n d  G. M a m ik u n ia n  

Received June 4, 1058

Symmetry requirements for o-dinitroso aromatic 
compounds, e.g. 4-methyl-1,2-i/'-dinitrosobenzene
(I) , do not allow the structural assignment as 
isomeric furoxanes, e.g. 5-(6-) methylbenzfuroxane
(II) , although they have been so described since
1912.2,3 Meisenheimer, Lange, and Lamparter 
demonstrated the unsymmetrical nature of the 
furoxane ring in a preparation of isomeric furoxanes 
by an oxidation of corresponding y-(amphi)

(1) Partial support of this work under contract DA-01-
009-ORD-428 with the Office of Ordnance Research is 
gratefully acknowledged.

(2) A. G. Green and F. M. Rowe, J. Chem.. Soc., 101, 2452
(1912).

(3) J. H. Boyer, R. F. Reinisch, M. J. Danzig, G. A. 
Stoner, and F. Sahhar, J. Am. Chem. Soc., 77, 5688 (1955)-
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dioximes of p-methoxy benzil.4 Both furoxanes were 
obtained from d-(anti) and fi-(syn) dioximes of the 
unsymmetrical benzil.4 This method has now been 
chosen to establish the symmetry requirements for 
a mono-substituted derivative of 9,10-dinitroso- 
phenanthrene.

The preparation of 2-nitro-9,10-dinitrosophe- 
nanthrene (VII) by dehydrogenating 2-nitrophe- 
nanthrenequinone dioxime required mononitration8 
of phenanthrenequinone and the preparation, 
separation, and identification of the four isomeric 
dioximes. The dioximes were prepared from the 
quinone and hydroxylamine hydrochloride either 
in refluxing ethanol and pyridine or in ethanol and 
pyridine (or potassium carbonate) in heated pres
sure bottles. Structural assignment of the dioximes 
was based upon chelation tests. In chelation with 
nickel fo's-aryl glyoximes with an a-(anti) modi
fication give red insoluble precipitates and yellow 
or yellow-green precipitates are obtained from 
y-(amphi) modifications.6 There is no reaction 
between nickel salts and /3-(syn) glyoximes.6 Of 
the four isomers of 2-nitrophenanthrenequinone 
dioxime, one (m.p. 197°) gives a red insoluble 
nickel salt and is assumed to be the a-(anti) 
modification (III). Two others (m.p. 172° and 183°) 
afford yellow-green nickel salts and are therefore 
assumed to be the expected y-(amphi) forms (IV,
V). No attempt was made to differentiate between 
them. The last one (m.p. 190-191°) fails to form a 
nickel chelate and is assumed to be the (i-(syn) 
isomer (VI).

The product (VII) obtained upon dehydrogena
tion of each 2-nitrophenanthrenequinone dioxime 
was not obtained in isomeric modifications. It 
presumably requires a symmetrical arrangement of 
the N20 2 moiety and is assigned the structure of 
2-nitro-i/'-9,10-dinitrosophenanthrene (VII). It was 
also obtained upon treating phenanthrenequinone 
dioxime with nitric acid at room temperature.

(4) J. Meisenheimer, H. Lange, and W. Lamparter, Ann., 
444,94(1925).

(5) F. M. G. Bavin and M. J. S. Dewar, J. Chem. Soc., 
4477 (1955). Indian patent 50,970; Chem. Abstr., 50, 7870
(1956). S. Kato, M. Maezawa, S. Hirano, and S. Ishigaki, 
Yuki Gdsei Kagaku Kyokai Shi, 15, 29 (1957); Chem. Abstr., 
51, 10462(1957).

(6) A. E. Martell and M. Calvin, Chemistry of the Metal
Chelate Compounds, Prentice-Hall, New York, 1952, 332.

Reduction of both furoxanes and o-dinitroso- 
aromatic compounds brings about the formation of 
dioximes. Whereas amphi-dioximes are obtained 
from furoxanes,4 the structural modification of the 
dioximes obtained from o-dinitroso aromatic com
pounds has not previously been determined. In the 
present case reduction of 2-nitro-i/'-9,10-dinitro- 
sophenanthrene with hydroxylamine in pyridine 
affords the lower melting amphi dioxime of 2- 
nitrophenanthrenequinone.

E X P E R IM E N T A L 7

Preparation, of 2-nitro-9,10-phenanlhrenequinone dioximes. 
Procedure A.8 A mixture of 1.0 g. (0.004 mole) of 2-nitro-9,-
10-phenanthrenequinone,6 20.0 g. (0.288 mole) of hydroxyl
amine hydrochloride, 10 ml. of pyridine, and 80 ml. of 95% 
ethanol was heated at reflux with mechanical stirring for 
20 hr. as the color changed from yellow-orange to dark 
green. Alter 2 hr. at room temperature, pyridine hydro
chloride as long colorless needles was isolated by filtration. 
Upon adding 150 ml. of water at room temperature to the 
filtrate a mixture, 1.0 g. (90%), of oximes precipitated and 
was purified from aqueous methanol. After three precipita
tions from methanol, a light green powder, one of the y- 
(amphi) dioximes, 0.77 g. (68%), m.p. 172° (partial dec. at 
167°), was collected. Upon the addition of a drop of nickel 
chloride solution to a sample in 5 ml. of ethanol a character
istic vellow-green precipitate was observed.

Anal. Calcd. for ChHsNsO.,: C, 59.37; H, 3.20; N, 14.84; 
O, 22.60. Found: C, 59.49; H, 3.12; N, 14.88; O, 22.51.

From the combined filtrates a flaky light yellow solid pre
cipitated during 24 hr. and was isolated and dried 10 hr. 
in the vacuum oven at 60°. A solution in ethanol gave a 
red precipitate, characteristic of an a-(anti) dioxime, with 
a nickel salt. The m.p. was 188-203° with decomposition, 
while charring occurred some 4° lower.

A mixture of 6.0 g. (0.023 mole) of 2-nitro-9,10-phenan- 
threnequinone, 120.0 g. (1.727 mole) of hydroxylamine 
hydrochloride, 80 ml. of pyridine, and 20 ml. of 95% ethanol 
was heated at reflux with mechanical stirring for 12 hr. as 
the color of the reaction mixture changed from light to 
dark green. After overnight standing, the solution was di
luted with 1.5 liters of distilled water and a flaky yellow-

(7) Analyses by Alfred Bernhardt, Microanalytisches 
Laboratorium, Muheim (Ruhr), Germany.

(8) W. E. Bachmann and C. H. Boatner, J. Am. Chem. 
Soc., 58, 2097(1936).
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green precipitate of a mixture of oximes was filtered, 5.99 
g. (92%), m.p. 150-195°. The crude material was extracted 
with 600 ml. of boiling water and then with 500 ml. of 
boiling methanol. The light green methanol solution was 
filtered while still hot from an orange-green precipitate. 
Upon dilution with 200 ml. of water, 0.94 g. (13%), m.p. 
172° (dec.) of a y-(amphi) dioxime separated as a yellow 
powder (see above). The orange-green precipitate dissolved 
in 400 ml. of hot methanol over a period of 12 hr. A negli
gible amount of foreign material was removed by filtration 
and the filtrate, diluted with 100 ml. of distilled water was 
stored overnight at room temperature. The other y-(amphi) 
dioxime as a flaky yellow powder, 2.22 g. (33%), m.p. 183- 
185° (charring at 180°) was reprecipitated from methanol 
and an analytical sample was dried in the vacuum oven 
for 12 hr. at 80-95°. A pale green precipitate was observed 
upon adding a drop of nickel chloride solution to an ethanol 
solution of this dioxime.

Anal. Calcd. for C14H9N30 4: C, 59.37; H, 3.20; N, 14.84. 
Found: C, 59.39; H, 3.38; N, 14.75.

Procedure B.9 In a pressure bottle, 1.0 g. (0.004 mole) of 
2-nitro-9,10-phenanthrenequinone was mixed with 10.0 g. 
(0.144 mole) of hydroxylamine hydrochloride, 4 ml. of pyri
dine, and 80 ml. of 95% ethanol. The bottle was sealed, and 
placed in boiling water for 4 hr. It was then cooled in a 
Dry Ice and acetone bath and carefully opened. Pyridine 
hydrochloride was removed by filtration, the filtrate was 
diluted with distilled water, a yellow flaky precipitate, m.p. 
195-198°, 0.95 g. (85%), was removed, dissolved in 300 ml. 
of hot methanol and reprecipitated by the addition of 80 
ml. of distilled water to the cold solution. A yellow-orange 
powder, after three additional reprecipitations from metha
nol, gave an analytical sample, m.p. 194.5-195.8° of the a- 
(anti) dioxime. In-hot ethanol this dioxime reacted with 
one drop of a nickel salt solution with the formation of a red 
precipitate.

Anal. Calcd. for Ci4H9Ns0 4: C, 59.37; H, 3.20; N, 14.84. 
Found: C, 59.29; H, 3.29; N, 14.66.

In a pressure bottle 2.0 g. (0.008 mole) of 2-nitro-9,10- 
phenanthrenequinone was mixed with 20.0 g. (0.288 mole) of 
hydroxylamine hydrochloride in 80 ml. of 95% ethanol and
5.0 g. of potassium carbonate. The bottle was sealed and 
placed in boiling water for 22 hr. during which time the 
color of the reaction mixtures became yellow-orange. The 
pressure bottle was cooled in the refrigerator for a day at 
15°, opened, and the precipitate was extracted twice with 
ether. The ether extracts were combined and evaporated 
over a steam bath to dryness. The residue was dissolved in 
80 ml. of 95% ethanol and the solution was stored for one 
week in the refrigerator. A flaky pale green solid precipi
tated, 0.8 g. (35%), m.p. 188-189° (dec.). After three pre
cipitations from methanol, the solid, m.p. 190-191° (dec.), 
gave no precipitate upon being treated with a solution of 
nickel chloride.

Anal. Calcd. for Ci4H9N30 4: C, 59.37; H, 3.20; N, 14.84. 
Found: C, 61.19; H, 2.67; N, 15.05.

Oxidation of 2-nitro-9,10-phenanthrenequinone dioxime. 
Procedure A. To 0.50 g. (0.002 mole) of each of the four 
isomeric 2-nitro-9,10-phenanthrenequinone dioximes, in 75 
ml. of 50% ethanol, chlorine was added over a period of 
10 min., during which time the temperature was held at 55- 
60°. As a colorless precipitate formed, the solution turned 
from dark red to pale yellow. The mixture was chilled 
and filtered. A colorless amorphous precipitate, m.p. 
211-212°, was recrystallized from aqueous pyridine and 
washed with hot methanol, 0.45 g. (91%). An analytical 
sample, m.p. and mixture m.p. 211-212°, was dried in the 
vacuum oven for 12 hr. at 150°.

Anal. Calcd. for C14H,04N3: C, 59.79; H, 2.50; N, 14.94. 
Found: C, 59.96; H, 2.48; N, 14.92.

(9) E. M osettig and J. W. Krueger, J . Am . Chem. Soc.,
58,1311(1936).

Procedure B. With stirring 0.5 g. (0.002 mole) of each of 
the four isomeric 2-nitro-9,10-phenanthrenequinone diox
imes, was dissolved in 100 ml. of 69% nitric acid. The solu
tion was poured into 400 ml. of ice cold water. A colorless 
precipitate was collected as a powder, 0.39 g. (70%), m.p. 
210-213°. The crude product was dissolved in 20 ml. of hot 
pyridine and the hot solution was filtered. The filtrate was 
chilled and diluted with 20-30 ml. of distilled water. A 
colorless precipitate, m.p. 211-212°, after two reprecipita
tions with pyridine, gave an analytical sample, m.p. and 
mixture m.p. 211-212°.

Anal. Calcd. for Ci4H7N30 4: C, 59.79; H, 2.50; N, 14.94. 
Found: C, 59.48; H, 2.40; N, 14.11.

Nitration and oxidation of 9,10-phenanthrenequinone diox
ime. With stirring 0.50 g. (0.002 mole) of 9,10-phenan
threnequinone dioxime, m.p. 199-200°, was added to 80 ml. 
of 69% nitric acid at room temperature. A pale brown 
flaky solid formed immediately and was dissolved in 100 
ml. of boiling ethanol. The solution was filtered while still 
hot, chilled in a Dry Ice and acetone bath, and diluted with 
distilled water. A colorless precipitate of 2-nitro-9,10%- 
dinitrosophenanthrene, 0.36 g. (62%), m.p. and mixture 
m.p. 211-212°, was collected.

Reduction of 2-nitro-9,10-dinitrosophenanthrene. To 0.40 
g. (0.002 mole) of 2-nitro-9,10-dinitrosophenanthrene in 
50 ml. of Lot 95% ethanol and 5 ml. of pyridine, 10.0 g. 
(0.144 mole) of hydroxylamine hydrochloride was added. 
After heating at reflux temperature for 1 hr., the solution 
was poured into 300 ml. of distilled water at 0°. A yellow- 
green precipitate, 0.30 g. (72%), m.p. 172-174° (dec.), of a 
y-(amphi) 2-nitro-9,10-phenanthrenequinone dioxime was 
collected.

D e p a r t m e n t  o f  C h e m is t r y

T u l a n e  U n iv e r s it y

N e w  O r l e a n s  18, L a .

3 ,3 -D in itro -l-a lk a n o Is

L e v o n n a  H e r z o g , K a r l  K l a g e r , a n d  M a r v i n  H . G o l d  

Received June 9, 1958

Of the aliphatic gem-dinitro-l-alkanols, the 2,2- 
dinitro-l-alkanols are readily prepared by the 
Henry reaction of 1,1 -dinitroalkanes and formal
dehyde:1 2“3 The 4,4-dinitro-l-alkanols are pre-

RC(N02)2H +  CH20  — RC(N02)2CH20H

pared by the selective reduction of Michael ad
ducts to 1,1-dinitroalkanes:4’5
RC(N02)2H +  CH2=C H C 02CH3 — >

LiAiHt
RC(N02)2CH2CH2C02CH3 — -— >- RC(N02)2CH2CH2CH2

OH

This paper reports the synthesis of the hitherto 
unknown 3,3-dinitro-l-alkanols.

(1) P. Duden and G. Ponndorf, Ber., 38, 203 (1905).
(2) H. Feuer, G. B. Bachman, and J. P. Kispersky, J. 

Am. Chem. Soc., 73, 1360 (1951).
(3) M. B, Frankel and K. Klager, J. Am. Chem. Soc., 79, 

2953 (1957).
(4) H. Shechter, D. Ley, and L. Zeldin, J. Am. Chem. 

Soc., 74, 3664 (1952).
(5) H. Feuer and T. J. Kucera, J. Am. Chem. Soc., 77, 

5740 (1955).
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3.3- Dinitro-l-butanol (II) was prepared by di- 
azotization of 3,3-dinitrobutylamine hydrochloride
(I).

NaNOj
CH3C(N02)2CH2CH2NH2-HC1------- >

I
CH3C(N02)2CH2CH20H

II

3.3- Dinitro-l,5-pentanediol (VI) was synthesized 
from 4,4-dinitroheptanedioic acid (III). This acid 
was degraded by the Hunsdiecker reaction to 3,3- 
dinitro-l,5-dibromopentane (IV).6 Compound IV 
was converted to 3,3-dinitro-l,5-pentanediol di
acetate (V), which by ester interchange with 
methanol gave 3,3-dinitro-l,5-pentanediol (VI).

N 02
I

C(CH2CH,CO£H)2
I
n o 2

III

n o 2 n o 2
AgOAc | CH .O H  I

-------> C(CH2CH2OAc)2------- > C(CH2CH,OII)2
I I

n o 2 n o 2
V VI

E X P E R IM E N T A L 7-8

3.3- Dinitro-l-butanol (II). To a solution of 20 g. (0.1 mole) 
of 3,3-dinitrobutylamine hydrochloride9 in 200 ml. of water 
was added a solution of 7.8 g. (0.11 mole) of sodium nitrite in 
50 ml. of water. The reaction mixture was warmed to 45°, a 
vigorous evolution of nitrogen occurred and the tempera
ture rose to 66°. After about 60 sec. a clear greenish solution 
was formed, which was kept for 10 min. at 60°. The aqueous 
solution was cooled and extracted twice with methylene 
chloride. The extracts were washed with saturated sodium 
chloride solution, dried, and concentrated. Distillation of 
the residue gave 9.2 g. (56.1%) of product, b.p. 70-80°/l^, 
nV  1.4660.

Anal. Calcd. for C4H8N20 5- C, 29.27; H, 4.91; N, 17.07. 
Found: C, 29.07; H, 4.66; N, 17.61.

3.3- Dinitro-l,5-dibromopentane (IV). The ammonium salt 
of 4,4-dinitroheptanedioic acid10 was prepared by adding 50 
ml. of concentrated ammonium hydroxide to a suspension 
of 50 g. (0.2 mole) of 4,4-dinitroheptanedioic acid in 1 liter 
of water. The resulting solution was boiled to evaporate the 
excess ammonia. The hot solution was added to a solution of 
70 g. (0.41 mole) of silver nitrate in 2 liters of water. After 
the precipitate was digested for a short time, it was cooled, 
filtered, suspended in distilled water, and filtered. A slurry 
of the wet silver salt in 1 liter of carbon tetrachloride was 
heated under a Dean-Stark trap until all the water was re
moved. The amount of silver salt obtained (86-88%) was 
calculated by subtracting the weight of water collected from 
the weight of the wet salt.

(6) A similar reaction was reported for the conversion of
4.4- dinitropentanoic acid to 3,3-dinitro-l-bromobutane, H. 
Shechter and L. Zeldin, J. Am. Chem. Soc., 73, 1276 (1951).

(7) All melting points are uncorrected.
(8) Microanalyses by Elek Microanalytical Laboratories, 

Los Angeles, Calif.
(9) The preparation of this compound will be described in 

a future publication.
(10) L. Herzog, M. H. Gold, and R. D. Geckler, J. Am. 

Chem. Soc., 73, 749 (1951).

A solution of 436 g. (2.7 mo.es) of dry bromine in 500 ml. 
of dry carbon tetrachloride was warmed to 50° and a slurry 
of 323 g. (0.7 mole) of silver 4,4-dinitroheptanedioate in 2 
liters of carbon tetrachloride was added portionwise while 
the temperature of the mixture was maintained at 50-55°. 
After the addition was complete, the reaction mixture was 
stirred for two more hours, cooled, and filtered. The filtrate 
was decolorized by washing with sodium bisulfite solution, 
dried, and concentrated. Distillation of the residue gave
93.5 g. (41.8%) of a light yellow liquid, b.p. 110-120°/1 
mm., n2D5 1.5348.

Anal. Calcd. for C6II8Br2N20 4: Br, 49.95; N, 8.76. Found: 
Br, 49.37; N, 8.17.

3.3- Dinitro-l ,5-diacetoxypentane (V). A mixture of 65 g. 
(0.2 mole) of 3,3-dinitro-l ,5-dibromopentane, 100 g. (0.6 
mole) of silver acetate, and 000 ml. of glacial acetic acid was 
refluxed for 24 hr. The solution was diluted with ether to 
precipitate the dissolved salts, filtered, and the filtrate con
centrated to about 200 ml. The filtrate was diluted with 
more ether, washed with dilute sodium bicarbonate solution 
until neutral, and treated with charcoal. The ether was then 
evaporated and the residue was crystallized from ethanol at 
— 15° to give 41.6 g. (74%) of white crystals, m.p. 34-34.5°.

Anal. Calcd. for CsHuN/V C, 38.S5; H, 5.07; X, 10.0/. 
Found: C, 39.24; H, 5.12; N, 10.29.

3.3- Dinitro-l,5-pentanediol (VI). A solution of 40.4 g. 
(0.14 mole) of 3,3-dinitro-l,5-diacetoxypentane, 250 ml. of 
methanol, and 0.5 g. of anhydrous hydrogen chloride was re
fluxed for 14 hr. The methanol solution was then treated with 
charcoal and concentrated. The residue was recrystallized 
from benzene to give 25 g. (88.6%) of white needles, m.p.
72-73°.

Anal. Calcd. for C6HioN2Oc: C, 30.93; H, 5.19. Found: 
C, 31.05; II, 4.98.
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P rep aration  o f  A lip h a tic  Secondary  
N itra m in cs

M il t o n  B. F r a n k e l  a n d  C l in t o n  R. V a n n e m a x
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In connection with our work on the preparation 
of aliphatic secondary nitramines containing a 
nitrile group,1 2 a simple, economical synthetic 
method was needed. Inasmuch as Chute, Herring, 
Toombs, and Wright2 reported the preparation of 
nitriminodipropionitrile in 71% yield from iminodi- 
propionitrile, it was decided to study this reaction in 
detail in order to find the optimum conditions for 
this conversion. In their procedure both nitric 
acid and acetic anhydride were employed in large 
excess. This is disadvantageous because of (a) waste 
of nitric acid and acetic anhydride, (b) the neces

(1) M. B. Frankel and K. Klager, J. Am. Chem. Soc., 78, 
5428(1956).

(2) W. J. Chute, K. G. Herring, L. E. Toombs, and G. 
F Wright, Can. J. Research, 26B, 89 (1948).

1. AgNO.

2. Bri-CCL I

N 02
I

C(CH2CH,Br),

X 02 
IV



sity in large scale operation of recovering the excess 
acetic and nitric acids, and (c) the potential hazard 
since tetranitromethane is formed from the reaction 
of nitric acid and acetic anhydride.3

Using essentially the same procedure as employed 
by Chute et al.,2 that is, the simultaneous addition 
of iminodipropionitrile, nitric acid, and hydro
chloric acid to acetic anhydride, a systematic study 
of this nitration was undertaken to determine the 
conditions and reactant ratios for optimum yields. 
Using one mole of iminodipropionitrile and varying 
the molar quantities of nitric acid, acetic anhydride, 
and hydrochloric acid, it was found that an opti
mum yield of 73.1% was obtained with 1.1 moles of 
nitric acid, 1.4 moles of acetic anhydride, and 0.05 
mole of hydrochloric acid. Several more runs were 
made with these quantities and consistent yields of 
70-73% were obtained. On scaling the nitration up 
to a 15.0 mole batch, it was found that the yield 
decreased to 43.2%. This was substantiated in 
subsequent runs. In the larger run the addition of 
amine, nitric acid, and hydrochloric acid was carried 
out over a greater length of time than in the smaller 
run. Thus the amine was exposed to a large excess 
of acetic anhydride for a greater length of time in 
the larger run; this resulted in a reduced yield ap
parently owing to acetylation of the amine. In 
order to keep the concentration of the acetic an
hydride at a minimum, the addition procedure was 
reversed. The amine was added to the nitric acid 
followed by the addition of acetic anhydride and 
hydrochloric acid. A yield of 77% of the nitramine 
was then obtained on a 15.0 mole batch. Subsequent 
runs substantiated this yield.

This procedure was then applied to improve the 
synthesis of A-methyl-3-nitraminopropionitrile, 
which was previously prepared by isolating the 
nitric acid salt of A-methyl-3-aminopropionitrile 
and then dehydrating the salt with an excess of 
nitric acid and acetic anhydride; the over-all yield 
was 50.7%.' Using a modification of the improved 
procedure, the direct nitration of A-methyl-3- 
aminopropionitrile gave lV-methyl-3-nitraminopro- 
pionitrile in yields of 87-89%. This modification 
consisted in using methylene chloride as a solvent 
for the nitration reaction. In the preparation of 
nitriminodipropionitrile, the product precipitated 
when the reaction mixture was quenched with water. 
In the case of a liquid product, such as fV-methyl-3- 
nitraminopropionitrile, a solvent was desirable to 
extract the nitramine from the acid mixture. 
Accordingly, the nitration was carried out in 
methylene chloride, which served not only as a sol
vent for the starting amine and the product but 
also as a diluent for the reaction. The importance 
of keeping the concentration of acetic anhydride at 
a minimum during the nitration was shown again. 
By reversing the mode of addition, that is adding 
the A-methyl-3-aminopropionitrile, nitric acid,

(3) P. Liang, Org. Syntheses, Coll. Vol. Ill, (1955).
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and hydrochloric acid to acetic anhydride, the 
yield of jV-methyl-3-nitraminopropionitrile was 
decreased to 43-57%.

E X P E R IM E N T A L

Nitriminodipropionitrile. To 694.5 ml. (16.5 moles) of 98- 
99% nitric acid was added in 30 min. 900 ml. (7.5 moles) of 
iminodipropionitrile, keeping the temperature at 0-10° by 
external cooling. The reaction mixture consisted of a yellow 
slurry which still could be stirred uniformly. (If all of the 
amine is added at this point, the mixture becomes too thick 
for stirring.) The temperature of the reaction mixture was 
allowed to rise to 15° and the simultaneous addition of 900 
ml. (7.5 moles) of iminodipropionitrile, 1980 ml. (21.0 moles) 
of acetic anhydride, and 62.6 ml. (0.75 mole) of 37% hydro
chloric acid was made dropwise in 2.5 hr., keeping the tem
perature at 15-20° by external cooling. The amine and acetic 
anhydride were added at the same rate, so as to ensure that 
the addition of the amine will be completed while only about 
half of the acetic anhydride has been added. The addition 
of the acetic anhydride and hydrochloric acid were com
pleted at about the same time. The reaction mixture was 
stirred for 3 hr. at 25-30°, intermittent cooling being re
quired during this period in order to stay within this temper
ature range. The mixture was then cooled to 5-10° and 
quenched with 4 liters of ice water. The white solid was 
collected, washed thoroughly with ice water, and dried to 
give 1940.4 g. (77.0%), m.p. 54-55° (lit. value, 53.5- 
55.5°2).

N-Methyl-S-nitraminopropionitrile. A solution of 84.1 g. 
(1.0 mole) of lV-methyl-3-aminopropionitrile in 100 ml. of 
methylene chloride was cooled to 0-10° and 46.3 ml. (1.1 
moles) of 98-99% nitric acid was added dropwise in 30 min., 
keeping the temperature at 0-10°. The temperature of the 
reaction mixture was allowed to rise to 20° and 132 ml. (1.4 
moles) of acetic anhydride and 2.5 ml. (0.03 mole) of 37% 
hydrochloric acid was added dropwrise in 30 min., keeping the 
temperature at 20-25° by external cooling. The reaction 
mixture was stirred at 25-30° for 2.5 hr., cooled to 5-10° 
and quenched by the addition of 10Q ml. of ice water. The 
methylene chloride layer was separated and the aqueous layer 
was extracted with two 100-ml. portions of methylene chlo
ride. The combined methylene chloride extracts were 
washed with saturated sodium carbonate solution until the 
aqueous phase reached a pH of 8. After a final wash with 
water, the methylene chloride solution was concentrated 
in vacuo leaving 115.2 g. (89.2%) of light yellow liquid, n2Ds 
1.4855 (lit. value of distilled product, n2Ds 1.4863).1
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The preparation of iV-methyl-3-nitraminopro- 
pionitrile and its conversion to A-methyl-3-nitrami- 
nopropionyl chloride, A-methyl^-nitraminoethyl
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isocyanate, and A-methyl-2-nitraminoethylamine 
were recently described.1 In continuation of the 
study of the chemistry of simple aliphatic secondary 
nitramines containing a nitrile group, the synthesis 
and reactions of the lowest member of this series, 
M-methylnitraminoacetonitrile (I), are reported in 
the present paper.

iV-Methyl-3-nitraminopropionitrile was prepared 
by dehydrating the nitric acid salt of V-methyl-3- 
aminopropionitrile using acetic anhydride and 
chloride ion catalyst. It was not possible to isolate 
the nitric acid salt of iV-methylaminoacetonitrile 
because of its hygroscopieity. The nitration of IV- 
methylaminoacetonitrile was effected by preparing 
the nitric acid salt in situ, and treating it directly 
with acetic anhydride and chloride ion catalyst to 
give a 60.9% yield of I. Without the chloride cata
lyst the yield was decreased to 3.1%.

Hydrolysis of I with concentrated hydrochloric 
acid gave W-methylnitraminoacetic acid (II). 
Attempts to convert II to the corresponding acid 
chloride using thionyl chloride or phosphorus 
pentachloride were unsuccessful owing to the de
composition of II. Methyl W-methylnitraminoace- 
tate (III) was prepared by treating I with metha- 
nolic hydrogen chloride and hydrolyzing the inter
mediate imido ester hydrochloride. V-methyl- 
nitraminoacetohydrazide (IV) wras readily formed 
from III and hydrazine. Compound IV was con
verted to the corresponding azide (V), which was 
decomposed in situ to give V-methylnitramino- 
methyl isocyanate (VI). The isocyanate reacted 
very readily with methanol to form the methyl 
carbamate (VII). Attempts to convert VI to N- 
methylnitraminomethylamine hydrochloride by 
treatment with concentrated hydrochloric acid, 
in the same maimer in which V-methyl-2-nitrami- 
noethylamine hydrochloride was prepared from 
Ar-methyl-2-nitraminoethyl isocyanate, were unsuc- 
cesful. The only compound isolated from this re
action was ammonium chloride. The above reactions 
are summarized in Chart I.

methylene chloride was cooled to 0-5° and 325 ml. (7.7 
moles) of 98-99% nitric acid was added dropwise with good 
stirring. After the addition was complete, the temperature 
was allowed to rise to 20° and 928 ml. (9.8 moles) of acetic 
anhydride and 17.7 ml. (0.21 mole) of 37% hydrochloric 
acid were added simultaneously at proportionate rates in 
1 hr., keeping the temperature at 20-25°. After the addition 
was complete, the solution was stirred at 25-30° for 2 hr., 
then cooled to 5° and quenched by the addition of 400 ml. of 
ice water. The mixture was stirred for 15 min. and the 
methylene chloride layer was separated. The aqueous layer 
was extracted with two 500-ml. portions of methylene chlo
ride. The combined methylene chloride extracts were 
washed with saturated sodium carbonate solution until the 
pH of the aqueous wash was at least 8, dried over sodium 
sulfate and concentrated in vacuo.' The light yellow liquid 
residue was crystallized at —20° from 750 ml. of methanol 
to give 490 g. (60.9%) of white needles, m.p. 26-27°, n2D5 
1.4792.

Anal. Calcd. for C3H5N30 2: C, 31.31; H, 4.38; N, 36.51. 
Found: C, 31.49; H, 4.39; N, 37.14.

N-Methylnitraminoacetic acid (II). One hundred fifteen 
ml. of 37% hydrochloric acid was warmed to 60° and 111 
g. (0.97 mole) of A-methylnitraminoacetonitrile was added 
dropwise. The temperature of the reaction mixture rose to 
90° during the addition. After the addition was complete, 
the mixture was heated on the steam bath with stirring for
5.5 hr. The mixture was cooled and the products were col
lected and dried to give 159 g. of white solid. The solid was 
extracted with four 200-ml. portions of ether leaving 44.4 
g. (86.0%) of ammonium chloride. The combined ether ex
tracts were concentrated in vacuo leaving 111.6 g. (86.5%) 
of white solid, m.p. 96.5-98.5°. Recrystallization from 37% 
hydrochloric acid raised the melting point to 99-100°.

Anal. Calcd. for C3H6N20 4: C, 26.87; H, 4.51; N, 20.89; 
Eq. Wt., 134.10. Found: C, 27.02; H, 4.72; N, 20.95; Eq. 
Wt., 134.06.

Methyl N-methylnitraminoacetate (III). A solution of 817 
g. (7.1 moles) of A-methylnitraminoacetonitrile, 1500 ml. of 
methanol, and 2500 ml. of absolute ether was cooled to 
0-5° and a rapid stream of anhydrous hydrogen chloride gas 
was bubbled through until the solution was saturated, keep
ing the temperature at 0-5°. The white crystalline imido 
ester hydrochloride precipitated. The solid was collected, 
washed with absolute ether, and added to one liter of water 
while stirring. The solid dissolved and a colorless oil gradu
ally separated from the solution. The oil was separated and 
the aqueous phase wras extracted with two 1000-ml. por
tions of methylene chloride. The oil and extracts were com
bined and wTashed with 500 ml. of water, 1000 ml. of satu
rated sodium bicarbonate solution, and 500 ml. of water.

CHART I 
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N-Methylnitraminoacetonitrile (I). A solution of 490 g. 
(7.0 moles) of V-methylaminoacetonitrile4 in two liters of

(1) M. B. Frankel and K. Klager, J. Am. Chem. Soc., 78, 
5428(1956).

(2) All melting points and boiling points are uncorrected.
(3) Microanalyses bv Dr. A. Elek, Elek Microanalytical

Laboratories, Los Angeles, Calif.

The methylene chloride solution was dried over sodium sul
fate and concentrated in vacuo leaving 869 g. (82.8%) of 
faint yellow liquid, n“  1.4617. Distillation from a Claisen 
flask gave a colorless liquid, b.p. 87°/0.75 mm., n’)  1.4615.

Anal. Calcd. for C4HsN20 4: C, 32.43; H, 5.44; N, 18.92. 
Found: C, 32.59; H, 5.40; N, 18.31.

(4) L. J. Exner, L. S. Luskin, and P. L. deBenneville, 
J. Am. Chem. Soc., 75, 4841 (1953).
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N-Melhylnitraminoacctohydrazide (IV). To a solution of 
180 ml. (2.39 moles) of 85% hydrazine hydrate and 200 ml. 
of methanol was added dropwise, with stirring, 235.2 g. 
(1.60 moles) of methyl iV-methylnitraminoacetate. The 
temperature of the solution rose from 25 to 32°. After stir
ring for 30 min., the solution was cooled and a white solid 
precipitated. The product was collected, washed with cold 
methanol, and dried to give 179.3 g. (76.3%) of white solid, 
m.p. 81-84°. Recrvstallization from ethanol raised the 
melting point to 84-85°.

Anal. Calcd. for C3H8NT40 3: C, 24.32; H, 5.44; N, 37.83. 
Found: C, 24.70; H, 5.64; N, 38.00.

N-Methylnitraminomethyl isocyanate (VI). A mixture of
14.8 g. (0.1 mole) of ..V-methylnitraminoacetohydrazide, 125 
ml. of water, and 125 ml. of chloroform was cooled to 0° and
9.2 ml. (0.11 mole) of 37% hv'drochloric acid was added. 
Then a solution of 10.0 g. (0.11 mole) of 93% potassium ni
trite in 20 ml. of water was added dropwise, keeping the 
temperature at 0-5°. The mixture was stirred for 15 min. 
and the chloroform layer was separated. The aqueous layer 
was extracted with two 150-ml. portions of chloroform. 
The combined chloroform extracts were washed ■with three 
100-ml. portions of ice water, dried over sodium sulfate, 
and filtered. The solution was concentrated on the water 
aspirator at a temperature of 10- 20° until the volume was 
decreased by half, to ensure the removal of the last traces 
of water. The solution was then warmed under a reflux 
condenser. At 40-50° the decomposition of the azide com
menced. After the decomposition started, the solution was 
slowly heated to reflux. The solution was refluxed until the 
evolution of nitrogen had ceased (about 2 hr.) and concen
trated in vacuo. The residue was distilled from a Claisen 
flask to give 9.0 g. (68.7%) of colorless liquid, b.p. 81-81.5° 
(2 mm.), n2o 1.4787.

Anal. Calcd. for C3H6N30 3: C, 27.70; H, 3.87; N, 32.30. 
Found: C, 27.32; H, 3.81; N, 32.74.

Methyl N-methylnitraminocarbamate (VII). A solution of 
2.62 g. (0.02 mole) of ra-methylnitraminomethyl isocyanate 
and 5 ml. of methanol was refluxed for 30 min. and concen
trated in vacuo to give 3.0 g. (92.1%) of white needles, m.p. 
65-67°. Recrvstallization from methanol raised the melting 
point to 66-67°.

Anal. Calcd. for C dR N /h: C, 29.45; H, 5.56. Found: 
C, 29.76; H, 5.60.

A ckn o w led g m en t. The author is indebted to the 
(Bureau of Ordnance for the financial support of 
this work.
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The preparation of derivatives of the carboxylic 
acid groups in methyl 4,4-dinitropentanoate,1 
methyl 4-nitrazapentanoate,2 and methyl 3-nitraza- 
butyrate3 has been described. Aliphatic monoesters

(1) II. Schechter and L. Zeldin, J. Am. Chan. Soc., 73, 
1276(1951).

(2) M. B. Frankel and K. Klager, ./. Am. Chan. Soc., 78, 
5428(1956).

(3) M. B. Frankel,./. Dry. Chan.. 23, 1811 (1958).

containing both the yem-dimt ro and nitraza groups 
have also been reported. Feuer, Bachman, and 
M ay4 prepared ethyl 3,5,5-trinitro-3-azapentanoate 
(I) and Frankel and Klager5 6 reported the synthesis 
of methyl 3,5,5-trinitro-3-azahexanoate (II). At-

HC(N02)2CH2N(N02)CH2C02C2H5
I

CIRC (NO,) 2CH2N (N02) CH2C02CHs 
II

tempts by Feuer el a l.i to hydrolyze I with con
centrated hydrochloric acid resulted only in de
composition with evolution of oxides of nitrogen. 
The preparation of derivatives of the carboxylic 
acid group in II is reported in the present work.

Hydrolysis of II with concentrated hydrochloric 
acid gave 3,o,5-trinitro-3-azahexanoic acid (II) in 
good yield, indicating that replacement of the 
acidic hydrogen atom in I with an alkyl group has a 
stabilizing influence on the molecule. Compound 
III  was converted to 3,5,5-trinitro-3-azahexanoyl 
chloride (IV) and the corresponding azide (V). 
The azide was not isolated but decomposed in  s i tu  
to form 2,4,4-trinitro-2-aza-l-pentyl isocyanate
(VI). The isocyanate exploded violently on standing 
a t ambient temperature but could be stored safely 
a t —20° for several months. I t  reacted readily with 
methanol to form methyl Ar-(2,4,4-trinitro-2- 
aza-l-pentyl) carbamate (VII). Attempts to con
vert VI to 2,4,4-trinitro-2-aza-l-pentylamine hy
drochloride (VIII) by treatment with concentrated 
hydrochloric acid were unsuccessful; the only com
pound isolated from this reaction was ammonium 
chloride.3

hci soci,
II — >- CH3C(N02)2CH2N(N02)CH2C02H ------>-

III

CHjC(N<>2)2CH2N (NOOCHjCOCI 
IV

NaN., A
------>- [CH3C(N02)2CH2N(N02)CH2C0N3] — >

V

CH3C(N02)2CH2N(N02)CH2NC0
VI

C lh O H  I I
c h 3c (n o 2;2c h 2k (n o 2)Ch 2n h c o 2c h 3 — — 1 t h c i

VII V
CH3C(N02)2CH2N(N02)CH2NH2HC1

VIII

(4) H. Feuer, G. B. Bachman, and W. May, J. Am. Chem. 
Soc., 76,5124(1954).

(5) M. B. Frankel and K. Klager, J. Am. Chem. Soc., 79, 
2953(1957).

(6) The same results were observed in attempting to con
vert 2-nitrazapropyl isocyanate to 2-nitrazapropylamine 
hydrochloride.3 This is in marked contrast to the facile 
preparation of 3-nitrazabutylamine hydrochloride from
3-nitrazabutyl isocyanate,2 where the primary amino group 
is in a 0 position to the nitraza group.
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E X P E R IM E N T A L 7’8

3.5.5- Trinitro-8-azahexanoic acid (III). A mixture of 26.6 
g. (0.10 mole) of methyl 3,5,5-trinitro-3-azahexanoate6 and 
75 ml. of concentrated hydrochloric acid was heated on the 
steam bath for 8 hr. On cooling, 15.1 g. (60.0%) of white 
solid separated, m.p. 133-136°. Recrystallization from 
ethylene dichloride raised the melting point to 139-140°.

Anal. Calcd. for C6HSN408: C, 23.82; H, 3.20; N, 22.22. 
Found: C, 23.96; H, 3.25; N, 22.56.

3.5.5- Trinitro-3-azahexanoyl chloride (IV). A mixture of
5.0 g. (0.02 mole) of 3,5,5-trinitro-3-azahexanoic acid and 
25 ml. of redistilled thionyl chloride was refluxed for 8.5 
hr. and concentrated in vacuo leaving 5.2 g. (96.8%) of white 
solid, m.p. 85-87°. Recrystallization from carbon tetra
chloride raised the melting point to 87-88°.

Anal. Calcd. for C5H7C1N40 7: C, 22.19; H, 2.61; Cl, 
13.10; N, 20.71. Found: C, 22.65; H, 2.95; Cl, 13.89; N, 
21.27.

2,4,4-Trinitro-2-aza-l-pentyl isocyanate (VI). A solution 
of 35.1 g. (0.54 mole) of sodium azide in 250 ml. of water 
was cooled in an ice bath and a solution of 73.0 g. (0.27 
mole) of 3,5,5-trinitro-3-azahexanoyl chloride in 200 ml. of 
acetone was added dropwise, keeping the temperature 
below 10°. The reaction mixture was stirred for 30 min. and 
extracted with three 150-ml. portions of chloroform. The 
chloroform solution was dried for 30 min. over sodium sulfate 
and placed in a one-liter flask arranged for distillation. About 
110 ml. of chloroform was stripped off wbh the water as
pirator to remove the last traces of water. The temperature 
was raised to 60° with a water bath and the azide was de
composed at atmospheric pressure. Dry chloroform was 
added periodically to keep the volume constant. After the 
nitrogen evolution had ceased, the solution was cooled to 
— 10°, causing a white solid to separate. The product was 
collected and dried, the yield w’as 48.1 g. (72.0%), m.p. 
97-100°. Recrystallization from ethylene dichloride raised 
the melting point to 102-103°. The compound exploded 
violently on standing at ambient temperatures but could be 
stored safely at —20° for several months.

Anal. Calcd. for C5H7N60 7: C, 24.10; H. 2.83; N, 28.11. 
Found: C, 24.31; H, 3.11; N, 28.05.

Methyl N-(2,4,4-trinitro-2-aza-l-pentyl) carbamate (VII). 
A solution of 2.49 g. (0.01 mole) of 2,4,4-trinitro-2-aza-l- 
pentyl isocyanate and 15 ml. of methanol was refluxed for 
4 hrs. and concentrated in vacuo leaving a quantitative yield 
of white solid, m.p. 98-100°. Recrystallization from iso
propyl alcohol raised the melting point to 100- 102°.

Anal. Calcd. for C6HuN60 8: C, 25.63; H, 3.94; N, 24.91. 
Found: C, 25.75; H, 3.81; N, 24.67.

A cknow ledgm en t. We are indebted to the Office of 
Naval Research for the financial support of this 
work.
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(7) All melting points are uncorrected.
(8) Microanalyses by Dr. A. Elek, Elek Microanalytical 
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In 1935 Ahmad1 examined an oil obtained from 
C a ssia  absus, Linn., and determined its composition

in terms of the percentages of fatty acid (80%), 
glycerol (10.4%), and nonsaponifiable matter 
(8.4%) present. The latter was not further investi
gated. In 1954 Sen Gupta et a l.2 obtained a 2.2 % 
yield of an oil upon extracting the seeds of Cassia 
with petroleum ether. They too determined the 
fatty acid composition of the oil and also isolated 
a nonsaponifiable fraction. This material, m.p. 
130,° afforded a benzoate, m.p. 142°, and an acetate, 
m.p. 115°, but was not investigated further.

In following the procedure of Siddiqui et a l .3 
for the isolation of the alkaloid C h a ksin e  from the 
seeds of C a ssia  absus, an ether-soluble, water- 
soluble fraction was obtained in 2% yield. Saponi
fication of this oily substance afforded a semisolid 
nonsaponifiable fraction in 5% yield. From this 
material, by direct crystallization, was obtained 
/3-sitosterol, m.p. 137-138, a]o —30°, A^ai01 3400 
cm.-1 (OH), 840, 803 (tri-substituted olefin). 
I t  afforded a benzoate, m.p. 139-140°, A^S01 1700 
cm.-1 (—COO—), 1604, 1591, 715 (C6H8—), 840, 
800 (trisubstituted olefin), and an acetate, m.p. 
126-128°. Reduction over platinum resulted in the 
uptake of one mole of hydrogen and the formation 
of stigmastanol, m.p. 139-140°, Â ax01 3230 cm.-1 
(OH), a ] u  +  30°. The properties of the compound, 
its acetate, benzoate, and dihydro derivative agree 
with those reported by Bernstein and Wallis4 
for 3-sitosterol isolated from cottonseed oil. I t  is 
likely that 3-sitosterol was the material isolated in 
crude form by Sen Gupta et a l.2

The mother liquors from the crystallization of 3- 
sitosterol were acetylated and chromatographed on 
alumina. In this manner additional 3-sitosterol was 
isolated (as its acetate) together with an oily 
saturated hydrocarbon of as yet unknown structure.

Note added in proof: Since the completion of this work, I. 
Sen Gupta and E. Mosettig, J. Ind. Chem. Soc. 35, 210
(1958) have identified the material isolated in ref. 2 as /3- 
sitosterol.

E X P E R IM E N T A L 5

P-Sitosterol. One kilogram of ground seeds of Cassia absus, 
Linn., was stirred three times as a slurry in 1500 ml. of 
0.3% methanolic hydrogen chloride, each for 24 hr. at room 
temperature, and then filtered. The filtrates were each neu
tralized with ammonia, brought to pH 5 with acetic acid 
and evaporated to dryness. A ootal of 212 g . of brown sirup 
was obtained in this manner. The sirup was taken up in 600 
ml. of water and exhaustively extracted with ethyl ether.

(1) Z. Ahmad, Z. Untersuch. Lebensm., 70, 166 (1935).
(2) I. Sen Gupta, K. Singh and R. P. Sood, Research Bull. 

East Panjab Univ., No. 48, 63 (1954).
(3) S. Siddiqui and Z. Ahmad, Proc. Ind. Acad. Sei., 2A, 

421(1935).
(4) S. Bernstein and E. S. Wallis, J. Org. Chem., 2 , 341 

(1937-38).
(5) Melting points are uncorrected. Analyses by Schwarz

kopf Microanalytical Laboratory, Woodside 77, N. Y. 
Infrared spectra were determined in Mellon Institute by 
H. M. Nelson and G. L. Carlson on a Baird model A infrared 
spectrophotometer.
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From the aqueous layer was eventually isolated chaksine 
iodide in 1.1% yield. The ethereal layer was dried and 
evaporated to afford 20 g. (2%) of a dark viscous neutral 
oil.

Saponification of 75 g. of neutral oil via ethanolic sodium 
hydroxide followed by the usual workup afforded 3.9 g. of 
a neutral, orange semisolid mass. The latter was crystallized 
from ethanol as a colorless solid (1.1 g.), m.p. 134-136°. 
Reervstallization from ethanol afforded /3-sitosterol as 
colorless plates, m.p. 137-138°, a ]2 3D5 -30° (c, 1.1 CHC13). 
(Lit.,4 m.p. 136-137°, a ]2D5 —36.) Its infrared spectrum was 
superimposable on that of an authentic sample.

Anal. Calcd. for C29H5oO: C, 84.0; H, 12.1. Found: C, 
84.1; H, 11.9.

The mother liquors remaining after the crystallization of 
/3-sitosterol were evaporated to dryness, then acetylated 
with acetyl chloride and pyridine. The crude mixture (2.0 
g.) was chromatographed on neutral alumina (40 g.) to 
yield 0.7 g. of /3-sitosteryl acetate, m.p. 127-128°, and 0.3 g. 
of a colorless viscous liquid, n2J  1.4954. It showed absorption 
in the infrared characteristic of a saturated hydrocarbon, 
Amax. 2950 cm -1, 2880, 1460, 1380.

/3-Sitosterol acetate was prepared by treating 150 mg. of 
/3-sitosterol with 8 ml. of acetyl chloride and a few drops of 
pyridine at 0°. Pouring the mixture on ice gave a colorless 
precipitate which crystallized from ethanol as colorless 
needles, m.p. 126-128°. (Lit.,4 m.p. 125-126).

Anal. Calcd. for C3iH620; C, 81.5; H, 11.5. Found: C, 81.1; 
H, 11.4.

To 100 mg. of /5-siterosterol in 3 ml. of pyridine at 0° was 
added 3 ml. of benzoyl chloride. The solution was warmed 
on a steam bath for 10 min. after the initial exothermic reac
tion had subsided. The solution was poured on ice and the 
colorless precipitate removed by filtration. The /3-sitosterol 
benzoate crystallized from ethanol as colorless needles, m.p. 
139-140°. (Lit.,4 m.p. 145°).

Dihydro-p-sitosterol (Stigmastanol). To 100 mg. of plati
num oxide in 13 ml. of acetic acid and 27 ml. of ethyl acetate 
was added 200 mg. of /3-sitosterol and the mixture was shaken 
for 10 hr. under 40 lbs. of hydrogen pressure. The catalyst 
was filtered and the filtrate added to water to afford a color
less precipitate which crystallized from ethanol as colorless 
plates, m.p. 139-140°, depressed to 121-130° on admixture 
with /3-sitosterol, a ]2D5 +30° (c, 0.9 CHCL). (Lit.,4 m.p. 138- 
139°, a]2D° +  25°).

Anal. Calcd. for C29H52O: C, 83.6; H, 12.6. Found: C, 83.5; 
H, 12.4.

M e l l o n  I n s t i t u t e

P it t s b u r g h  13, P a .

C h em istry  o f  L acton es. II. R ea ctio n  o f
2 -P h en y l-4 -b en zyIid en e-5 (4H )oxazo]on e  

w ith  B en zen e  u n d er  F ried el-C rafts C on d ition s

R o b e r t  F i l l e r  a n d  L o u r d e s  M. H e b r o n 1 

Received June 17, 1958

Oxazolones are often considered similar to cyclic 
anhydrides in their chemical reactions and might 
be expected to behave as acylating agents when 
treated with aromatic hydrocarbons in the presence 
of anhydrous aluminum chloride. Thus, succinic 
anhydride reacts with benzene under these condi

(1) From  the M.S. thesis of L.M .H., to  be subm itted to
the G raduate School of Illinois Institu te  of Technology,
1958.

tions to form 3-benzoylpropionic acid. I t  was there
fore of interest to study this reaction using 2- 
phenyl-4-benzylidene-5(4H)oxazolone (I) in place 
of anhydride. I has the added feature of an a ,0 -  
unsaturated carbonyl system.

C6H6CH=C----- C = 0
I I

N O

¿ 6h6
I

By analogy with cyclic anhydrides, it might be 
anticipated that I would react with benzene to give 
either 2-benzamidobenzalacetophenone (II) or 2- 
benzamidoindenone (III), formed by intramolecu
lar cyclization.2

n  O
ii 11

C6H6C H = C - C - C 6H5 i ^ ^ C"C -N H C O C 6H s

NHCOC6H6 -----CH
II III

However, we did not isolate either II or III, the 
sole product being the saturated azlactone, 2- 
phenyl-4-dipheny lmethyl-5 (4 H )  oxazolone (IV),
arising by 1,4 addition of benzene. The yield of IV 
after recrystallization was 62%.

(C6H6)2CH—CH—C = 0

N 0
V /

c 6h 5
IV

This saturated azlactone has not been described 
previously and compounds with this type of struc
ture are not readily obtainable by other routes, 
especially since attempts to prepare the unsaturated 
precursor, V, have failed.

(C6H6)2C =C----- C=G

N O
V /

c 6h 5
V

The isolation of IV suggests the possibility of 
preparing interesting new compounds containing 
the diphenylmethyl moiety.

The structure of IV was established by elemental 
analysis, infrared and ultraviolet spectra, and by 
formation of the benzylamide by aminolysis.

Whereas I exhibits a strong lactone carbonyl 
band at 1785 cm.-1,3a typical of /3,y-unsaturated

(2) M. S. Newman and L. M. Joshel, J. Am. Chem. Soc., 
62,972(1940).

(3) (a) H. W. Thompson, R. R. Brattain, H. M. Randall,
and R. S. Rasmussen in The Chemistry of Penicillin, Prince
ton University Press, Princeton, N. J., 1949, p. 387. (b) 
D. H. Whiffen and H. W. Thompson, J. Chem. Soc., 1005
(1946).
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7-lactones,3b and > C = N  absorption311 at 1650 
cm.-1, IV shows strong absorption at 1810 cm.-1 
and 1645 cm.-1 The latter bands are almost identical 
with those observed for the 4-isopropyl analog3“ 
and this shift of carbonyl absorption is consistent 
with removal of the conjugation created by attach
ment of an exocyclic double bond in the 4-position, 
as in I. I t  has also been shown that the frequency 
of the > C = N  stretching mode is not appreciably 
affected by changes in the 4-position of these 
oxazolones.3“

The ultraviolet spectrum further supports struc
ture IV. The intense maximum observed with I at 
360 mfj. has been attributed to the CeH6CH =C— 
N =C —C6H6 chromophore.4 5 The disappearance of 
this maximum in IV is evidence that this chromo
phore is absent, whereas the presence of X®aiH 245 
rn.fi (e 5450) is characteristic of the V-benzylidene 
group, -—N =C —CeH6.6 The end absorption ob

served is also typical of such oxazolones.6
Saturated azlactones are generally very suscep

tible to hydrolysis and particularly to aminolysis.6 
However, IV was stable to a boiling water-acetone 
mixture, but reacted readily with benzylamine to 
form the 2-benzamidobenzylamide, VI, in nearly 
quantitative yield. The formation of an amide has 
at times been the sole evidence of the presence of an 
oxazolone and benzylamine is used for determining 
the proportion of oxazolone in a mixture (“azlactone 
equivalent”).7

0

(C6H5)2CH—c h ~  c—n h c h 2c 6h 6 

n h c o c 6h 5
VI

In contrast to these results, I reacts with phenyl- 
magnesium bromide by ring opening followed by
1,2-addition to give the tertiary alcohol.8 Results of 
similar studies on the structurally related a- 
benzylidene-y-phenyl-A /3,y-butenolide will be re
ported in a forthcoming paper and compared with 
those observed with the oxazolone.

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

Reaction of S-phenyl-4-benzylidene-5(4H)-oxazolone (I) 
with benzene. In a 1-1., round-bottom flask, fitted with a

(4) D. A. Bassi, V. Deulofeu, and F. A. F. Ortega, J. Am. 
Cftm.iSoc.,75,171(1953).

(5) R. B. Woodward, A. Neuberger, and N. R. Trenner, 
in The Chemistry of Penicillin, Princeton University Press, 
Princeton, N. J., 1949, p. 429.

(6) (a) H. E. Carter in Org. Reactions, III, 215 (1946). 
(b) E. Baltazzi, Quart. Revs. IX, No. 2 (1955), p. 160.

(7) J. W. Cornforth in The Chemistry of Penicillin, Prince
ton University Press, Princeton, N. J., 1949, p. 735.

(8) (a) R. Filler and J. D. Wismar, J. Org. Chem. 22, 853
(1957). (b) A. Mustafa and A. H. E. Harhash, J. Org. Chem. 
21,575(1956).

(9) Melting points were determined on a Fisher-Johns 
block and ate not corrected.

mechanical stirrer, dropping funnel, and reflux condenser,, 
were placed 9.5 g. (0.072 mole) of anhydrous aluminum 
chloride in 125 ml. of dry, thiophene-free benzene. The 
mixture was cooled to 10° and stirred for 1 hr. To this solu
tion was added dropwise with stirring a solution containing: 
6 g. (0.024 mole) of 2-phenyl-4-benzylidene-5(4H)oxazolone 
in 125 ml. dry benzene, the temperature being maintained 
at 10-20° during the addition. The mixture turned brick red. 
When all of the oxazolone had been added, the mixture 
was stirred for an additional 3 hr. at room temperature. The 
complex was decomposed with 250 ml. dilute (1:15) HC1 
and two clear layers were obtained. The benzene layer was 
separated, the aqueous layer extracted with benzene, and 
the combined benzene extracts washed with dilute HC1, 
then with water until neutral to litmus. Benzene was re
moved by evaporation on a steam bath to give a yellow oil 
which was dissolved in ether and on addition of petroleum 
ether formed a light yellow precipitate. The product was 
recrystallized from 95% ethanol to give 4.8 g. (62%) of light, 
yellow crystals, m.p. 158-159°.

Anal. Calcd. for C22H„N02: C, 80.71; H, 5.24; N, 4.28. 
Found: C, 80.87; H, 5.23; N, 4.25.

Reaction of 2-phenyl-4-diphenylmethyl-6(4H) -oxazolone
(IV) with benzylamine. A mixture of 1.96 g. (0.006 mole) of 
oxazolone in 10 ml. dry benzene and 0.64 g. (0.06 mole) of 
benzylamine was heated under reflux for 30 min. On cooling, 
white crystals separated, which were washed with petroleum 
ether and recrystallized from 85% ethanol (H20  as diluent) 
to give 2.4 g. (92%) of VI, m.p. 260-261°.

Anal. Calcd. for C29H26N20 2: N, 6.45. Found: N, 6.57.
Spectral measurements and analyses. Infrared spectra 

were obtained on a Perkin-Elmer 21 spectrophotometer and 
Perkin-Elmer “Infracord.” The samples were examined 
either as Nujol mulls or by use of a KBr disk.

Ultraviolet spectra were measured in 95% ethanol using 
a Beckman DK-2 spectrophotometer.

The elemental analyses were carried out by Micro-Tech 
Laboratories, Skokie, 111.

Acknowledgment. The authors are grateful to the 
Research Corp. for financial support of this work.
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8-(2-Methoxyethoxy)caffeine

C a r l  T a b b  B a h n e r , J o s e p h  A. D i P a o t .o , a n d  H e l e n  J o n e s  
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Kihlman1 has reported that 8-ethoxycaffeine 
produced structural chromosomal changes in the 
root tips. This and closely related compounds have 
been studied at the Roswell Park Memorial In
stitute as possible anti-cancer agents. 8-(2-Meth- 
oxyethoxy) caffeine was prepared from 8-chloro- 
caffeine and sodium 2-methoxyethoxide by the 
general method of Huston and Allen.2 The crude 
product, obtained in 80% yield, was recrystallized 
twice from hot water and once from carbon tetra
chloride; m.p. 98.5-99.5° (Fisher-Johns melting

(1) B. Kihlman, Exptl. Cell Research 1, 135 (1950).
(2) R. C. Huston and W. F, Allen, J. Am. Chem. Soc., 56, 

1356(1934).
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point apparatus); ultraviolet absorption maximum 
279m,Lt.3

Anal. Calcd. for CnHi6N404: C,49.24; H, 6.02; 
N, 20.89. Found C, 49.02; H, 6.04; N, 21.09.4

When S-180 bearing animals were treated with 
125 mg./kg. or 500 mg./kg., tumor growth ap
peared inhibited about 15%. This compound was 
not effective in prolonging the survival time of mice 
that had received injections of Ehrlich ascites cells, 
Krebs-2 ascites cells, or L-1210 cells.

R o s w e l l  P a r k  M e m o r i a l  I n s t i t u t e

B u f f a l o , N. Y.
C a r s o n - N e w m a n  C o l l e g e

J e f f e r s o n  C i t y , T e n n .

(3) The ultraviolet absorption peak was determined by 
Mr. Oakley Crawford.

(4) Analyses by Galbraith Microanalytical Laboratories, 
Knoxville, Tenn.

R ein v estig a tio n  o f  th e  S tru ctu re  o f  th e  
“ D im er ic”  A cid  F o u n d  in  th e  C arb on ation  
P ro d u cts  o f  th e  G rignard  R ea g en t F orm ed  

fro m  l-B r o m o -2 -h e p ty n e

J o h n  H. W o t i z , 1 J o s e p h  S. M a t t h e w s , 2 a n d  H o w a r d  E.
M e r r i l l 3

Received June 23, 1958

It was reported4 that the “dimeric” acid found in 
the carbonation products of the Grignard reagent 
formed from l-bromo-2-heptyne is the /S-lactonic 
acid (I)

C4H9

c o 2h  ¿ = c= c h 2

c4h 9—c --------c
I l \

c --------o  c h 3
s

o
I

The structure assignment was based on deg
radation studies, catalytic hydrogenation studies 
in which two moles of hydrogen were absorbed, 
and especially in the fact that the “dimeric” acid 
titrated as a monobasic acid.

In the light of the recent findings that highly 
substituted malonic acids titrate as monobasic 
acids in 50% alcohol,6 the structure of the “dimeric”

(1) Research Center, Diamond Alkali Company, Paines- 
ville, Ohio.

(2) Gulf Research, Pittsburgh, Pa.
(3) Abstracted from a portion of the Ph.D. dissertation of 

H.E.M., present address, Esso, Baton Rouge, La.
(4) J. H. Wotiz and J. S. Matthews, J. Org. Chern., 20, 

155(1955).
(5) J. H. Wotiz and H. E. Merrill, J. Am. Chem. Soc., 80, 

866(1958).

acid was reinvestigated. We are now favoring the 
structure IIA, butyl [l-(3-hepta-l,2-dienyl)vinyl]- 
malonic acid.

C02H R A, R

c4h 9—O----------c= c h 2 b , r

¿ o2h  c , r
II

The Ki to K2 ratio in IIA of 7,760,000 is very 
high which indicates a highly branched malonic 
acid. However, it is not as high as in IIB, 28,000,000, 
or IIC, 57,600,000.6 The ionization of the acid could 
be affected in parts by the electronic and electro
static effects of the unsaturation in R.

It was previously reported4 that in the presence 
of Adams’ catalyst the “dimeric” acid absorbs 
hydrogen to the extent of 100% of theory calculated 
for two double bonds. Additional hydrogenation 
studies, using a different and more “active” lot of 
Adams’ catalyst, have now shown that the “di
meric” acid absorbs hydrogen to the extent of 
100% of theory calculated for three double bonds. 
In fact, there was no sharp decrease in the rate of 
the hydrogen uptake after thè addition of two moles 
of hydrogen.

The infrared spectrum of IIA has a single band 
near 1920 cm.-1 characteristic of the allenic 
linkage,6 a single, sharp carbonyl band near 1740, 
and bands near 1635 and 900 cm.“1 characteristic

I
of —C=CH 2. When the hydrogenation is inter
rupted after the addition of two moles of hydrogen, 
the produc t is III.

C4H9

C02H c h —c h 2c h 3

C4H 9—i --------¿= C H 2 and/or

¿ o2h

c o 2h  

C4H9— -C------

c o 2h
III

The infrared spectrum of III shows the presence 
of the 1635 and 900 cm.-1 bands and the absence 
of the 1920 cm.“ 1 band. All three bands are absent 
after the uptake of three moles of hydrogen.

Quantitative esterification of IIA and of the hy
drogenated products of IIA, also favors the sub
stituted malonic acid structure. When IIA reacted 
with diazomethane, two moles of nitrogen, per mole 
of acid, were liberated and the distilled product 
analyzed for the dimethyl ester. However, its 
infrared spectrum indicated that a molecular rear
rangement had taken place since the characteristic

(6) J. H. Wotiz and D. E. Mancuso, J. Org. Chem., 22, 
207(1957).

C4H9

CH—CH=CH2

CHS
I

II

= —C(C4H9)=C =C H 2 

= —CH(CH3)2 

= —C(CH3)3
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aliéné absorption at 1920 cm.“ 1 2 and the terminal 
methylene group absorption bands near 1 (530 and 
900 cm.-1, were absent. Two new, strong and 
sharp absorption bands at 1020 and 1670 cm.-1 
were found which we attribute to the presence of 
conjugated double bonds of a cyclopentadienyl 
ring in IY.

CO,CH3
1

C Æ —C- 
!

co2c h 3
IV

C A

¿= C H
j )>CHS 

-C=CH

The presence of the cyclopentadienyl ring is also 
favored by the fact that IV reacted with maleic 
anhydride and that a highly red-colored product 
(substituted fulvene) was obtained when IV was 
condensed with benzaldehyde.

The half esterification of IIA yielded an acid 
which contained all the characteristic bands of IIA. 
The carbonyl group absorption region showed two 
absorption bands at 1725 and 1680 cm.-1, due to 
the ester and acid linkages.

The esterification of III also yielded two moles 
of nitrogen and the product contained a terminal 
methylene group as evidenced by the bands at 1625 
and 910 cm.-1 The half esterification of III pro
duced a monobasic acid with two different car
bonyl groups (bands at 1725 and 1690 cm.-1) and a 
terminal methylene group (1630 and 912 cm.-1).

Hydrogenation studies have shown the presence 
of three double bonds, esterification with diazo
methane the presence of two carboxy groups, and 
the titration studies are in accord with the behavior 
of other highly branched malonic acids.5 On that 
basis we are assigning the dimeric acid to have the 
structure IIA, a structure previously considered4 
but not adopted.

E X P E R IM E N T A L

IIA. The preparation was previously described,4 m.p. 
99-100“: The esterification was carried out by treating 
0.7043 g. (0.00251 mole) of IIA with 0.00595 mole of diazo
methane in ether. The volume of evolved nitrogen was 119 
ml. (S.T.P.), 105% of theory based on two acid groups. 
The product distilled at 178° at 17 mm.

Anal. Calcd. for C ]8H 2S0 ,i : C, 70.1; H, 9.1. Found: C, 
70.1; H, 9.1.

The distillate gave a deep red colored solution when 
treated with benzaldehyde in the presence of sodium ethox- 
ide. When refluxed with a saturated solution of maleic anhy
dride in toluene, a white crystalline solid separated.

The half esterification was carried out by treating 0.3769 
g. (0.001345 mole) of IIA with 0.00159 mole of diazomethane 
dissolved in ether. The evolved nitrogen, 31.5 ml. (S.T.P.), 
was 52% of theory based on two acid groups. The ether was 
evaporated and the crude residue had a neutralization 
equivalent of 304.

Anal. Calcd. for CnH260 4: neut. equiv. 294.
III. The preparation was previously described.4 The di

methyl ester was prepared by treating 0.3672 g. (0.00235 
mole) of III with an excess of diazomethane. The volume of

nitrogen was 102 ml. (S.T.P.) which is 97% of theory based 
on two acid groups. Upon the evaporation of the ether, the 
product boiled at 132 -134“ at 4 mm.

Anal. Calcd. for C18H320,: C, 69.2; II, 10.2. Found: C, 
70.6; H, 9.7.

The monomethyl ester was prepared as previously de
scribed.4

Anal. Calcd. for C17II3O4: neut. equiv. 298. Found: neut. 
equiv. 296.

In the complete hydrogenation of IIA, 0.0812 g. (0.00029 
mole) of IIA absorbed 19.7 ml. (S.T.P.) of hydrogen in 100 
min. when an “active” lot of platinum oxide catalyst 
(0.0077 g.) was used. After the removal of the acetic acid 
solvent, the residue was crystallized from petroleum ether, 
m.p. 104-105°.

Anal. Calcd. for CisH.nA: C, 67.1; H, 10.5; mol. wt. 286. 
Found: C, 06.0; H, 10.1; mol. wt. 304 (titration), 277 (cryo- 
scopic).

C o n t r ib u t io n  N o . 1030 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 ,

U n i v e r s i t y  o f  P i t t s b u r g h

P it t s b u r g h  13 , P a .

A m m a jin , a N ew  C o n stitu e n t o f  
Ammi Majus (L .)

N i c o l a s  A. S t a r k o w s h y  a n d  N a s r y  B a d r a n

Received May 26, 1958

The fruits of the umbelliferous plant Ammi majus 
(L.) which grows freely in the Nile Delta have been 
used for centuries as a remedy for leukoderma 
(vitiligo). The active constituents responsible for 
the photodynamic properties of this Egyptian 
plant have been identified with the furocoumarins 
xanthotoxin, bergapten and imperatorin.1 Re
cently, there was an increase of interest in the 
physiologically active furocoumarins because of the 
development of the psoralen (furocoumarin) treat
ment of pigmentation diseases23 and alopecia 
areata,2b and the discovery of the effect of these 
photosensitizing agents on skin carcinogenesis.2c

As many plants containing free furocoumarins 
have, among their other constituents, glycosidic 
compounds whose aglucones are related coumarins, 
it was worth studying the glycoside fraction of the 
fruits of Ammi majus (L.) and isolating such com
pounds. I t has been reported in the literature that 
the fruits of this plant contain about 1% of an 
amorphous glucosidal principle,3 but until now no

(1) I. R. Fahmy, H. Abu-Shady, A. Schönberg, and A. 
Sina, Nature, 160, 468 (1947); I. R. Fahmy and H. Abu- 
Shady, Quart. J. Pharm, and Pharmacol. 20, 281 (1947); 
Quart. J. Pharm, and Pharmol. 21, 499 (1948).

(2) (a) Comp. E. Sidi, J. Bourgeois-Spinasse, and P. 
Planat, Dyschromies et Vitiligo, Expansion scientifique 
française, Paris, France, 1957; (b) E. Sidi and J. Bourgeois- 
Spinasse, Presse med., 63, 458 (1955); '(c) M. A. O’Neal and 
A. C. Griffin, Cancer Research 17, 911 (1957).

(3) I. R. Fahmv and M. A. El Keiy, Rep. Pharm. Soc.
Egypt, 3, 72 (1931).
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crystalline substance has been isolated from this 
material. The study of the aqueous fraction ob
tained by concentrating the aqueous alcoholic 
extract of the seeds of Ammi majus (L.) has re
vealed the presence of a crystalline glycoside C20- 
H24O9, melting at 260°, having an optical rotation 
[<*]dj —60° and showing the characteristic proper
ties of coumarins. By acid hydrolysis, this com
pound gave D-glucose and an optically active aglu- 
cone Ci4H140 4 (I), identical with the coumarin 
marmesin occurring in the bark of the tree Aegle 
marmelos Correa.4 Marmesin is the optical anti
pode of nodakenetin, which occurs in nature as a 
glucoside, nodakenin6 ([«[d +56.605;[«]d +57°6). 
However, the isolation of a glycoside of marmesin 
has not been reported up to the present time.

The proposed structure for the new glucoside, 
which we have named ammajin (II), is supported 
by the partial synthesis of this product from its 
aglucone marmesin and D-glucose, by the method 
based on the reaction of hydroxy compounds with 
pentaacetylglucose under the catalytic action of 
toluenesulfonic acid.6

OH 0 C6H„0 6
I Marmesin I I  Ammajin

E X P E R IM E N T A L 7

Extraction of ammajin (II) from the seeds of Ammi Majus 
(L.). Two hundred grams of the finely powdered seeds were 
exhausted by percolation with 70% ethanol and the extract 
distilled in vacuum to remove the alcohol. After extraction 
of the remaining residue with chloroform in order to remove 
the last traces of the substances soluble in this solvent, the 
sirupy liquid thus obtained (50 ml.) was treated with a mix
ture of lead acetate and lead hydroxide (prepared by mixing 
5 g. of lead acetate with 2 ml. of 2% sodium hydroxide solu
tion). The mixture was stirred well, diluted to  5 times its 
volume with water and left to  stand in the cold for 24 hr. 
After filtration, the solution was treated with 5 ml. of 20% 
sodium sulfide solution and filtered again. I t  was then con
centrated to 40 ml. by vacuum distillation and extracted 
with 5 successive portions of a chloroform-alcohol mixture 
(1:1, v ./v.). The combined organic layers were dried over 
sodium sulfate and evaporated to dryness. The brown solid 
residue (about 1  g.) was crystallized from boiling water to 
give 450 mg. of a crude crystalline glucoside melting at 220- 
230°. Further recrystallization from water gave colorless 
shining platelets of ammajin (II), m.p. 259-260° (dec.), 
[a]”  —60° (in 50% ethanol). Yield of the pure glucoside 
with respect to the seeds: 0.145%. I I  is sparingly soluble in 
cold water and alcohol and moderately soluble (about 1  g. 
in 300 ml.) in these solvents on boiling. I t  dissolves in glacial 
acetic acid on heating and is practically insoluble in metha
nol, acetone, and ethyl acetate. Dilute aqueous solutions of

(4) A. Chatterjee and S. S. Mitra, J . Am. Chem. Soc., 71, 
606 (1949).

(5) J. A rim a,./. Chem. Soc. Japan, 48, 8 8  (1927).
(6 ) Comp. E. Späth and E. Tyray, Ber., 72, 2089 (1939).
(7) All melting points are uncorrected. Elementary micro

analyses by Dr. A. Bernhardt, Mülheim, Germany. Deter
mination of ultraviolet spectra and optical rotations by
courtesy of Dr. M. F. Messeid, Cairo.

II  fluoresce blue in ordinary light; under ultraviolet light, 
the fluorescence is intense violet-blue. II  dissolves in con
centrated sulfuric acid and alcoholic potash with a yellow 
color.

Anal. Calcd. for CjoHmO.: C, 58.81; H, 5.92. Found: C, 
58.47; H, 6.01.

Acetylation of ammajin. One half gram of II  was refluxed 
for 2 hr. with 15 ml. of acetic anhydride and 1 g. of anhy
drous sodium acetate. The cooled mixture was decomposed 
with ice and water, and the colorless precipitate which 
separated cut was crystallized from dilute ethanol to give 
450 mg. of ammajin tetraacetate, m.p. 227°.

Anal. Calcd. for C2SH 320 i3 : C, 58.31; H, 5.60. Found: C, 
58.31; H, 5.71.

Hydrolysis of ammajin. One-half gram of II  was refluxed 
for 2 hr. with 25 ml. of 5% hydrochloric acid. The precipi
tated aglucone (I) was collected and crystallized from ben
zene as colorless rods, (250 mg.) m.p. 189-190 [“ Id5
+25° (in chloroform) [reported for marmesin: m.p. 189.5°; 
M d5  +26.8° (in chloroform)4]. Addition of I to an authen
tic sample of marmesin from Aegle marmelos Correfi, did not 
depress its melting point. I was soluble in chloroform, 
moderately soluble in alcohol and acetone, sparingly soluble 
in benzene, and practically insoluble in petroleum ether 
and water. Very dilute aqueous or alcoholic solutions of I 
had a strong blue-violet fluorescence in ultraviolet light.

The ultraviolet spectrum of I  (0.008 mg./ml. in ethanol, 
25°) showed a characteristic peak a t 337 m^ and a much 
less sharp maximum at 260 my, with minima a t 245 and 266 
my. The R f  value of I (ascending paper chromatography; 
water as a solvent, temp. 30°) was 0.65 (reported for marme
sin: 0.66s). The untreated spot appeared violet-blue under 
ultraviolet light (and silvery blue after spraying with dilute 
sodium hydroxide solution).

Anal. Calcd. for C14H 14O4 : C, 68.30; H, 5.74; m.wt., 246. 
Found: C, 63.15; H, 5.83; equivalent weight (by titration): 
249.

Acetylation of I with acetic anhydride-sodium acetate 
gave a monoacetyl derivative, m.p. 132° (from alcohol) 
(reported for marmesin acetate: 130°4).

Anal. Calcd. for CisHjeCh: C, 6 6 .6 6 ; H, 5.55; m.wt., 288. 
Found: C, 66.52: H, 5.61; equiv. wt. (by titration): 142.

When a mixture of I and phosphorus pentoxide was either 
heated as such in a sublimation apparatus , 9 or refluxed in 
benzene, a dehydrated compound, m.p. 138-138.5° was ob
tained (reported for desoxyoreoselone obtained by the de
hydration of nodakenetin: 138-139° 9 and of marmesin:
138-140° 4).

Anal. Calcd. for CuAuO?,: C, 73.69; H, 5.26. Found: C, 
73.8; H, 5.12.

By refluxing with dilute sodium hydroxide in the presence 
of mercuric oxide, I was converted to the corresponding 
fraras-coumaric acid, m.p. 204-205° (dec.) (reported for 
ira?is-marmesic acid: 204° dec.4).

Oxidation of I with chromic acid gave pale yellow needles, 
m.p. 258-262° (dec.) having a violet ferric chloride reaction 
in alcohol (reported melting point for umbelliferone-6 - 
carboxylic acid from marmesin: 260° 4).

Bromination of II  with one equivalent of bromine in alco
holic or acetic acid medium, a t room temperature, gave 
colorless shining plates of a monobromide, m.p. 230-231°.

Anal. Calcd. for CuIIt+hBr: C, 51.71; H, 4.03; Br, 24.58. 
Found: C, 51.58; H, 3.93; Br, 25.32.

Identification of the sugar part of ammajin. The aqueous 
filtrate from I (see under “Hydrolysis of Ammajin” ) was ex
tracted with chloroform, neutralized with sodium bicarbon
ate, treated with sodium acetate ( 2  g.) and phenylhydrazine 
hydrochloride (0.5 g.), and the mixture was heated on a 
water bath for 1 hr. The yellow precipitate which crystal
lized out on cooling had m.p. 204-205°, after recrystalliza-

(8 ) D. P. Chakraborty and P. K. Bose, J . Indian Chem. 
Soc., 33, 905 (1956).

(9) E. Späth and P. Kainrath,, Ber., 69, 2062 (1936).
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t i o n  f r o m  a l c o h o l  ( u n d e p r e s s e d  b y  a n  authentic s a m p l e  o f  
D -g lu c o s e  o s a z o n e ) .

Partial synthesis of ammajin. Marmesin (I) (obtained by 
the hydrolysis of IT) (0.30 g.), <3-pentaacetyl-D-glucose 
(0.5 g.) and 10 mg. of p-toluenesulfonic acid were mixed and 
heated in a test tube at 130-135° for 1 hr. The dark melt 
was warmed with 5 ml. of benzene and filtered. The filtrate 
was then treated, while warm, with isohept.ane, until a pre
cipitate appeared. The mixture was cooled in ice and the 
clear supernatant liquid was decanted from the yellow resin
ous product sticking to the bottom of the flask. The solution 
was waarmed and treated again with isoheptane to incipient 
turbidity, and left in the cold overnight. The almost colorless

product which separated out was crystallized from dilute 
ethanol twice to give 100 mg. of colorless needles, m.p. 225- 
227°, giving no depression with a sample of the tetraacetate 
prepared from natural ammajin.

The synthetic acetate (250 mg.) was hydrolyzed with dry 
ammonia in methanol6 to give 120 mg. of ammajin, identified 
by its melting point (258-260°) and its mixed melting point 
(no depression) with the natural glucoside obtained from the 
plant.

T h e  R e s e a r c h  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  Co.

C a i r o , U n i t e d  A r a b  R e p u b l i c
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Communications t o  t h e  e d i t o r

Iso top e E ffects in  th e  Free R ad ica l A ry la tion  
o f  A rom atic  H ydrocarbons

Sir:
There have been several recent reports1-"4 that 

the free radical arylation reaction of aromatic hy
drocarbons by external reagents proceeds without 
an isotope effect. On the other hand, an isotope ef
fect has recently been observed in certain intramo
lecular free radical aromatic substitution reactions.5 
It has already been pointed outlc that experi
ments16,2 involving low conversions and utilizing 
tritium at the tracer level are not conclusive.

We wish to report data indicating that there is an 
isotope effect in the free radical arylation and al
kylation of benzene-d, at least with certain peroxides 
and under certain experimental conditions. The 
data are summarized below. The radicals indicated 
were, in all cases, generated by decomposing the 
appropriate diaroyl (or dialkyl) peroxide in ben- 
zene-d at 78°. The benzene-d was analyzed mass 
spectrometrically. The carefully purified biphen
yls (purity checked by elementary analysis) were 
analyzed for deuterium by combustion and the 
falling drop method.6 Product toluene was ana
lyzed mass spectrometrically.

In all but two cases—p-nitrobenzoyl peroxide and 
benzoyl peroxide at the higher concentration—un
equivocal isotope effects were observed.

The most likely mechanism of free radical aro
matic substitution involves addition of the radical 
to the aromatic followed by hydrogen abstraction 
by some species X. In writing an adequate scheme 
for these steps one must consider that the addition 
step may be reversible and that the intermediate ad
duct radical may undergo side reactions (such as 
dimerization, tar formation, etc.7’8), as well as con
version to substitution product:

An isotope effect will be observed if either the re
versal of the addition step or the step forming side 
products competes with the hydrogen abstraction 
step. In either case the intermediate formed by ad
dition of R- at a hydrogen-bearing position of the 
aromatic ring wall be converted to alkylation prod
uct in preference to intermediate formed by addi
tion of R- at a deuterium-bearing position.

One can not, therefore, conclude from our results 
that the first step (addition of radical to aromatic) 
is appreciably reversible under the conditions of 
the substitution.9 In fact, since substrate recov
ered from an arylation of a m-dinitrobenzene-2,4- 
dinitrobenzene-2 mixture, driven to high conver
sion, showed no significant change in nuclide con-

Radical
Moles PhD 

Moles (RCOOh

Isotopic
Purity

Benzene-d, % M.P.

Product
Atom
% D

Isotope
Effect

C6H5 42:1 93.7 71-72° 7.81 1.0
420:1 98.2 71-72° 9.10 2.6

p-c h 3c 6h , 50:1 97.9 47.5-48° 7.61 2.9
p-c h 3o c 6h 4 50:1 96.6 89° 6.98 1.3
p-c ic6h 4 50:1 98.5 78.5-79° 9.80 1.7

25:1 93.9 78.5-79° 9.30 1.7
p-o2n c 6h 4 41:1 98.5 115.5-116° 9.13 1.0
c h 3 24:1 97.86 Lie. 11.05 1.7

615:1 98.16 Lie. 11.00 1.7

(1) (a) C. C. Price and R. J. Converv, J. Am. Chem. Soc., 
80, 4101 (1958); (6) J. Am. Chem. Soc., 79, 2941 (1957); 
(c) J. Am. Chem. Soc., 79, 6579 (1957) (Correction).

(2) G. H. Williams, Abstracts, XlVth International Con
gress of Pure and Applied Chemistry, Paris, France, 1957, 
p. 27.

(3) Milyutinskaya, Bagdasaryan, and Izrailevich, J. 
Phys. Chem. (U.S.S.R.), 31, 1019 (1957).

(4) See also D. R. Augood and G. H. Williams, Chem. 
Revs., 57, 167 (1957).

(5) D. B. Denney and P. P. Klemchuk, J. Am. Chem. 
Soc., 80, 3289 (1958).

(6) By Mr. Josef Nemeth, University of Illinois.

tent,la it appears that the isotope effect is not due to 
reversal of the first step, but due to the side reac
tions.10 Experiments are presently under way in

(7) The importance of this point has been stressed previ
ously by K. H. Pausacker, Austral. J. Chem., 10, 49 (1957).

(8) An important new side reaction, namely dispropor
tionation, has very recently been uncovered by D. F. De 
Tar and R. A. J. Long, J. Am. Chem. Soc., 80, 4742 (1958).

(9) This point appears not to have been considered in 
ref. 5.

(10) Still other possible causes of the isotope effect will be 
discussed at a later date.
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our laboratories to elucidate the exact origin oi the 
observed isotope effects and the reason for their 
variation with nature and concentration of the 
peroxide.
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P yro lysis  o f  E sters. I. N o n se lec tiv ity  in
th e  D irec tio n  o f  E lim in a tio n  by P y ro lysis

Sir:
We wish to report that published1 generalizations 

regarding the direction of elimination on pyrolysis 
of esters are in grave error. We now find that pyrol
ysis of secondary acetates gives in appreciable 
amounts both possible alkenes as well as cis and 
trans isomers when such isomerism is possible. 
Pyrolysis of 1-heptyl acetate (b.p. 186-187°, 
iiD 1.4120; lit.2 b.p. 192.5°, n&tyeu 1.41653) 
at 540° and a flow rate of 0.6 g. per minute gave 
pure 1-heptene (b.p. 90-93°, Wd 1.3962; lit.3 b.p. 
93.5°, tid 1.3998) in 56% yield. Homogeneity of 
this material was established by gas chromatogra
phic analysis using the Wilkins Aerograph equipped 
with a 5-foot silicone column and with a 10-foot 
Ucon Polar column. Pyrolysis of 2-heptyl acetate 
(b.p. 171-173°, 7Id 1.4050; lit.4 b.p. 71° at 17 mm., 
«D 1.4089) at 485° and a flow rate of 0.67 g. per 
minute gave a mixture of isomeric heptenes (b.p. 
92-98°, wj? 1.3994; lit.,5 frans-2-heptene, b.p.
97.5-99°, «d 1.4056, czs-2-heptene, b.p. 98.5- 
99.5°, tid 1.4052) in 84% yield. Gas chromato
graphic analysis over the 10-foct Ucon Polar 
column showed 53.9% 1-heptene, 29.3% trans-2- 
heptene (low boiling), and 16.8% cfs-2-heptene

(1) W. J. Bailey and C. King, J. Am. Chem. Soc., 77, 
75 (1955); W. J. Bailey, J. J. Hewlitt, and C. King, J. Am. 
Chem. Soc., 77, 357 (1955).

(2) R. Bilterys and J. Gisseleire, Bull. soc. chim. Belg., 44, 
576 (1935). 1*%#**

(3) M. L. Sherrill, K. E. Mayer, and G. F. Walter, J. Am. 
Chem. Soc., 56, 927 (1934).

(4) R. H. Pickard and J. Kenyon, J. Chem. Soc., 105, 852
(1914).

(5) B. Gredy, Bull. soc. chim. Belg. (5) 2, 1031 (1935).

(higher boiling). Above a critical lower tempera
ture, the composition of the pyrolyzate appears to 
be independent of the temperature and extent of 
pyrolysis. Thus, pyrolysis of 2-heptyl acetate at 
450° and a flow rate of 1 g. per minute gave only 
35% of heptenes identical in composition with 
the product described above.

Pyrolysis of 4-heptyl acetate, which can lead to 
only one structural isomer without bond rearrange
ment, on pyrolysis at 485° and flow rate 0.8 g. 
per minute gave 86% of 3-heptene (b.p. 93-95.5°, 
no 1.4012; lit.6 b.p. 95.8-96.1°, n $  1.4090). 
This material was homogeneous to the Ucon 
chromatographic column except for a small shoulder 
on the high-retention side of the single peak; this 
shoulder is interpreted as being due to the presence 
of a small amount of a's-3-heptene, the major 
component being the frans-isomer. Pyrolysis of
3-heptyl acetate at 485° and flow rate 0.6 g. per 
minute gave a mixture of heptenes (b.p. 91-97°, 
«d 1.4022) in 84% yield. Gas chromatographic 
analysis over the Ucon column showed 53.5% of
3-heptene, 34.7% of frans-2-heptene, and 11.8% 
of m-2-heptene. The 3-heptene peak showed a 
shoulder on the high-retention side indicating the 
presence of a small amount of the «s-isomer.

We have also reinvestigated a specific example 
reported by Bailey and King.1 Pyrolysis of methyl- 
isobutylcarbinyl acetate at 485° and flow rate 0.75 
g. per minute gave in 72.2% yield an olefin mixture 
which on chromatographic analysis over the Ucon 
column showed two components in the amounts of 
44.5% (low retention) and 55.4% (high retention). 
We assume that the low retention isomer is the 
lower boiling7 4-methyl-l-pentene, while the high 
retention isomer is the higher boiling7 4-methyl-2- 
pentene.

In view of these results, we must regretfully con
clude that the generalizations and the experimental 
observations of Bailey and associates1 are in error. 
We attribute this experimental error to failure of the 
earlier investigators to utilize precise fractional dis
tillation, thus necessitating the assignment of struc
ture and estimation of homogeneity on infrared 
analysis alone. Infrared analysis is not an infal
lible criterion when mixtures are being compared. .

We do not wish to generalize our observations at 
this time. Extensive further investigations are 
planned.
D epartm ent of C hem istry E . E arl R oyals
E mory U n iversity  
A tlanta  22, Ga .
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(6) F. J. Soday and C. E. Boord, J. Am. Chem. Soc., 55, 
3295, 3300 (1933).

(7) C. G. Schmitt and C. E. Boord, J. Am. Chem. Soc., 54, 
754, 760 (1932).
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